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1. Introduction

This document introduces how to setup entire environment for GPIO / AlO application on AX58101 evaluation
platform (NUCLEO-F303RE + AX58101-EVB-SSPDI boards). The demo application of EtherCAT MainDevice
side is developed using PLC (Programmable Logic Controller) language running on BECKHOFF TwinCAT
engineering (XAE). The IDE relies on Microsoft Visual Studio 2010 / 2013. We can execute the application
through the IDE or pure BECKHOFF runtime package (XAR). The firmware part of EtherCAT SubDevice side
is developed using C language through ARM KEIL MDK (Microcontroller Development Kit).

The firmware mainly handles the tasks below:

® BECKHOFF SSC (SubDevice Stack Code)

® Hardware access of SSC through SPI interface at MCU side

® Simple object form for CIA-401 digital/analog 10

® Peripherals (GPIO / ADC / DAC) accessed by EtherCAT PD (Process Data)

The PLC at EtherCAT MainDevice side mainly handles the tasks below:
® PD mapping / handling by PLC for GPIO / AIO
® Ademo GUI

6
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2. Requirements

Before starting to setup the environment, the user should prepare some software and hardware. Of course,

they are all running based on general desktop PC with windows 10 / 11 operation systems. The software and
hardware requirements are listed as following:

[Software at EtherCAT MainDevice side]
® Windows 10/ 11 operation system
®  Microsoft Visual Studio 2010 /2013
® Beckhoff TwWinCAT XAE v3.1.4022.28 or later
You can download the BECKHOFF TwinCAT here

Figure 2-1

[Software at EtherCAT SubDevice side]
® STM32CubeMX version 6.14.1 (for development only)
You can download the STM32CubeMX here.

Lkys

Lo cugrmented

-
sTm32 N
CubeMX

Figure 2-2

® In this reference design, two types of Integration Development Environment (IDE) could be
supported, you can choose one for the development.

B ARM KEIL MDK micro-Vision 5 or later (for development only)

|JVi5i0n® 5 Integrated
Development

I_Environment

ARMKEIL

Figure 2-3
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B STM32 CubelDE version 1.19.0 or later (for development only)
You can download the STM32CubelDE here.

N
STM3?2
CubelDE
Figure 2-4
® STM32CubeProgrammer
You can download the STM32CubeProgrammer here.
N~
sTM32 U
CubeProgrammer
Figure 2-5

® SSC Tool V5.13 (for development only)
You can download the SSC Tool from EtherCAT Technology Group (ETG) here

Figure 2-6
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[Hardware]
® ST NUCLEO-F303RE Control Board x 1 PCS

Figure 2-7

® AX58101-EVB-SSPDI-1 V1.0 EVB x 1 PCS
For more details, please refer to the link below and the following chapter.
ASIX official link: https://www.asix.com.tw/

1J9
Figure 2-8
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3. Board Description

3-1 AX58101-EVB Evaluation Board

AX58101-EVB is an EtherCAT SubDevice Controller (ESC) Evaluation Board with AX58101 IC, please refer
to ASIX official website as below for more detail.
https://www.asix.com.tw/en/product/IndustrialEthernet/EtherCAT/AX58101

The AX58101-EVB-SSPDI is an evaluation board designed for the AX58101 IC and includes the following

components:
® J8 — Pins that provides GPIO or additional connections, typically interfacing with other devices or
expansion boards.

J9 — Pins that provides GPIO or additional connections, like J8.

ESC Port0 — Port0 of the ESC

ESC Port1 — Port1 of the ESC

Reset — A reset button of AX58101

Figure 3-1

10
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3-2 NUCLEO-F303RE

The STM32 Nucleo-64 board offers an affordable platform for prototyping with STM32 microcontrollers,
combining performance and low power. It supports ARDUINO® Uno V3 and ST morpho headers for expansion
and includes an integrated ST-LINK debugger/programmer. Free software libraries and examples are available
via the STM32Cube MCU Package. For more details, visit the official product page:
https://www.st.com/en/evaluation-tools/nucleo-f303re.html

The NUCLEO-F303RE functions as the control board for the AX58101 GPIO / AlO application and provides the
following components:

® USB - ST-LINK USB mini-B connector
® CN7 — ST morpho connector
® CN10 — ST morpho connector
® USER - User button
® Reset — Reset button
Figure 3-2
Pinout
CN7 CN10
J9 8
PCL0/SWT 1] by poiq |-2—xPC1L/DOD PCO/SWE 1 2 PCB/SPI_FUN_CS
PC12/D01— 3| pris  ppz 4—=PD2/DO3 PBB/SYNCO 3 Egg Egg 4 PCB/SPI_INT
«51yop  Esv _E% FEO/SYNCI __ § PBg ch 6 PCS/SW5
L8 GND B
»—Z BOOT GND 2] avDD Usy j-E—x
—a NC NC — —GND 9| GND NG 110 .
1 N 3ay M2 U Sas  pays 2 Pa12/o
3 | 14
«—13 | ppia NRST pas/osl 13 | o2 o e cpati/on
131 pats 33V HE— paz/ois__18 1 o0 pngo |LG—pBa2/sPL EsC cs
PCJ(S;/ADC_TRIG\_L?_ PA1S 5V SV_MCU PB6/DIE 17 i8 . PB1L/DI?
—GND— = saf oo oD b2 GND R18. . NC.T PBE PBIT 70— GND
perfeepDoNE 21 | pp” onp 22— GND v Meadion 21 Eﬁg Gphég 22
PCI3/USER BTN w23 1 pryg iy 24— PAB/DO2 24 |
251 pcia NG FE—x PB10/ DAC_TRIG «__ 5 E‘ég PPBB] R21 0 PB15/SPI_MOSI
27 | PC15  PAO | 28 . PAO/ADC_IN1 27 PBlO PBli R 90 PB14/SPI_MISO
291 pry paq [—20—PAL/DOS w29l ooe ppig A0 _PBls;D;at
Pr1/sPLCIKBISA A O 31 f ol pay (<32 PA4/DAC_OUTPUTL PB3/DI1.,_ 31 2
“—33 1 yBAT PBRo |24—PBO/DO7 PAL0/DO6 ., 33 PE3 AGND 34 . PC4/SWE
PC2/SW2—dD ] pro poy f2B—PCl/SW1 PA2/USART2_TX . 35 PATOS P 36
Pe3fswie 37 | peg  pop f38—PCo/swo PA3/USART2_RX., 37 Eﬁg Hg 38
&
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4. Environment Setup

4-1 Hardware Connectivity

Please refer to the diagram below to see the combination of the NUCLEO-F303RE and AX58101-EVB-SSPDI.

J8 (AX58101-EVB-SSPDI) connects to CN10 (NUCLEO-F303RE), and J9 (AX58101-EVB-SSPDI) connects to
CN7 (NUCLEO-F303RE).

Connect the “EtherCAT Port 0” and “USB Port” to your host:

EtherCAT

Figure 4-2

12
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5. Building Reference Design Begin with STM32CubeMX

Here will introduce the procedure to build up the complete source code package, please follow the steps below
to do this.

Note: Sections 5-1 to 5-4 provide a step-by-step guide starting from creating a new project. If you only need to
generate the SSC code, you may skip these sections and go directly to Section 5-5.

5-1 Create New Project in STM32CubeMX

Step 1: Execute the STM32CubeMX, then click “ACCESS TO MCU SELECTOR” on main page.

STM32CubeMX Untitled

)
sTM32 U File Window Help
CubeM

Existing Projects New Project

Recent Opened Projects
I need to :

Ax58400_MotorControl_PosCtrl.ioc
Last modified date : 11/10/2024 11:49:12 Start My project from MCU

ACCESS TO MCU SELECTCR
Other Projects B’

Start My project from ST Board

Start My project from Example

ACCESS TO EXAMPLE SELECTOR

Figure 5-1

Step 2: Searching part number “STM32F303RET6”, then select it on “MCUs/MPU List” and press “Start
Project” to create project.

[ New Project from a MCU/MPU

Features Block Diagram Docs & Resources CAD Resources [] Datasheet [ Buy [5» Start Project

STM32F3 Series

Mainstream Mixed signals MCUs Arm Cortex-M4 core with DSP and FPU, 512
Q v - STM32F303RET6 Kbytes of Flash memory, 72 MHz CPU, MPU, CCM, 12-bit ADC 5 MSPS, PGA,
comparators

PRODUCT INFO - Unit Price for 10kU (USS) : 4.7608

Segment > Product is in mass production Board: NUCLEO-FI03RE \‘, LQFP 64 10x10x1.4 mm

Series

The STM32F303XDIE family is based on the high-performance ARM®Cortex®-Mé 32-bit RISC core with FPU operating at a frequency of 72
Line MHz, and embedding a floating point unit (FPU), a memory protection unit (MPU) and an embedded trace macrocell (ETM). The family
incorporates high-speed embedded memories (512-Kbyte Flash memory, 80-Kbyte SRAM), a flexible memory controller (FSMC) for static

Marketing Status memories (SRAM, PSRAM, NOR and NAND), and an extensive range of enhanced I/Os and peripherals connected to an AHB and two APB

Price > buses.
The devices offer four fast 12-bit ADCs (5 Msps), seven comparators, four operational amplifiers, two DAC channels, a low-power RTC, up
Package > to five general-purpose 16-bit timers, one general-purpose 32-bit timer, and up to three timers dedicated to motor control. They also

feature standard and advanced communication interfaces: up to three 1’cs, up to four SPIs (two SPis are with multiplexed full-duplex Izss)

Core ’ three USARTS, up to two UARTs, CAN and USB. To achieve audio class accuracy. the s peripherals can be clocked via an external PLL.
Coprocessor ThA CTAABNCANDUNIE Samin, ARArAtan in A AN ta +OEOM ARA_ A Sn + ANEON SAMAAZANIZA SARAAR Sram A D 045 D 5 V1 nswine A1imeh A
VEMORY MCUs/MPUs List: 2 items o Export
. [ Part No Dafarance  IMarkatin Vllint Drica fr 4 Revardd Dartrana Flach DAL VArammarrial Dart
F‘“.Sh =512 (kBytes) STM32F303RETx  Active 4.7608 LQFP 64 10x1... 512 kBytes 80 kBytes STM32F303RET6
512 x il STM32F303RETx  Active 4.7608 LQFP 64 10x1... 512 kBytes 80 kBytes STM32F303RETETR

Figure 5-2

Note: To keep the corrected reference path in BSP, please save the project folder in the path below.
BSP_ROOT\SampleCode\

13
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5-2 Modify Peripheral Settings in STM32CubeMX

Step 1: Disable the “Pinout & Configuration > System Core > RCC > High Speed Clock (HSE)” setting as
the figure below.
RCC Mode and Configuration

High Speed Clock (HSE) ’Disable v ‘

Low Speed Clock (LSE) 1Disable v ‘

W Master Clock Output

[J Audio Clock Input (12S_CKIN)

Figure 5-3

Step 2: Add pin aSS|gnment as the below in “Plnout & Configuration > System Core > GPIO > GPIO”.

& GPIO

Search Signals

[ Show only Modified Pins

mwmw

PA1S  nfa Extemnal Interrupt Mode ... Pull down F\DC TRIG
PBAO nfa nla Extenal Interrupt Mode ... Pull down nia nfa DAC_TRIG
PAS nia nia Input mode Mo pull-up and nfa na Do
PB3 nia nia Input mode Mo pull-up and ... nfa nfa D1
PA12 nia nfa Input mode Mo pull-up and ... nfa nfa D2
PAG nia nia Input mode Mo pull-up and ... nfa nfa DIz
PAT1 nia nia Input mode Mo pull-up and ... nfa na D4
PAT nia n'a Input mode Mo pull-up and ... nfa n'a DI5
PB& nla nla Input mode No pull-up and ... nfa nfa D6
PB11 nia nia Input mode Mo pull-up and nfa nfa D7
PC11 nia Low Output Push Pull Pull up Medium nfa Doo
PC12 nia Low Output Push Pull Pull up Medium nfa DO
PAZ nia Lows Output Push Pull Pull up Medium nfa Doz
PD2 nia Low Output Push Pull Pull up Medium nfa Do3
PB13 na Low Output Push Pull Pull up Medium nfa Dod
PA1 nia Low Qutput Push Pull Pull up Medium n/a Dos
PATD n/a Low Output Push Pull Pull up Medium n/a Do6
PBO nia Low Qutput Push Pull Pull up Medium n/a o7
PBT nia nia Input mode Pull down n'a n/a ESC_EEPDONE
PB8 nla nla Input mode Pull up n'a n/a ESC_SYNCO
PBY nia n'a Input mode Pull up n'a nla ESC_SYNC1
PB12 nfa High Output Push Pull Pull up High nia SPIPDI_ESC_CS
PC8 nla High Output Push Pull Ho pull-up and ... High nla SPIPDI_FUN_CS
PC& nia nia Input mode Pull up n'a nia SPIPDI_INT
PCO nia nia Input mode HNo pull-up and ... nfa nla SWo
PC1 nia nfa Input mode o pull-up and ... nfa nia SW1
PC2 nia nfa Input mode HNo pull-up and ... nfa nia SwW2
PC3 nia nia Input mode No pull-up and ... n/a n/a SW3
PC4 nia nia Input mode No pull-up and ... n'a n'a sS4
PCs nia nia Input mode Mo pull-up and .. nia nfa SWE
PC3 nla nfa Input mode Mo pull-up and ... n/a nfa SWé
PC10 n/a nfa Input mode Mo pull-up and .. n/a nfa SWT
PC13 nia n'a Extemnal Intermupt Mode Mo pull-up and ... nfa n‘a USER_BTN
Figure 5-4
&
14
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TN

Step 3: Add pin aSS|gnment for ADC, DAC, SPI2, USART2, SYS as below.

@ Single Mapped Signals

Search Signals

ea tr+F) [ Show only Modified Pins

Pota ] Sond oo TG Jon0 maieloni rut_ag Jrsse | Ll | liited
ADCA_IN1 Analog m... Mo pull-up ... n/a
F'AZ USART2_TX nfa Alternate ... Mo pull-up ... High m’a D
PA3 USART2 RX n/a Alternate ... No pull-up ... High n/a O
PA4 DAC1_OUT1 n/a Analog m... Mo pull-up ... n/a nfa O
PA13 SYS_JTMS-SWDIO nfa nia nia n/a nia O
PA14 SYS_JTCK-SWCLK n/a WE] nia n/a WE] O
PB14 SPI2_MISO n/a Alternate ... Mo pull-up ... High n/a SPIPDI_MISO
PB15 SPI12_MOSI n/a Alternate __ Pull up High nfa SPIPDI_MOSI
PF1-0SC... SPI2_SCK n/a Alternate ... Pull up High n/a SPIPDI_CLK
Figure 5-5

Step 4: Enable ADC1 as the settings highlighted in red.

Pinout & Configuration Clock Configuration P
~ Software Packs ~ Pinout
Q “ & ADC1 Mode and Configuration
System Care
Analog
' Resat Confguaion
ADC2
ADC3
ADC4 Configure the below parameters
@ COMP1 q
COMP2
gCOHP} + ADCs_Commaon_Setlings
@ f")l‘i"’.l Mode Independent mode
o o ~ ADC_Setti
~OMES
@ COMPE Clock le:sst ADC .ﬂs}nchrunlous clock mode |
coner Resolution ADC 12-bit resolution
@ com Data Alignment Right alignment
@ OPAMPY Scan Conrsar ode .

Clock Configuration
~w Software Packs ~ Pinout

System Core 5 B OUT1 Configusation I

[ OUTZ Conigwation
Analog ~

@ Parameier Seitings

Condgure the below parameters

@ )

@ L
@ « DWC Out? Settings

@ Output Buler Enable

@ Trigger Hone

@

Figure 5-7

Step 6: Activated TIM6 & TIM7 as the setting below.

15
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o

TIME Made and Configuration

System Core
Analog

Timers

RTC

TIM1
TiMz2
M3
Tivi4

[ e

Act
[ One Pulse Mode

ed

t Configurat

© Parameter Settings

Configure the below parameters

Q |
Figure 5-8

Step 7: Enable SPI2 with the setting below.

&

SPI2 Mode and Configuration

System Core

Analog
Timers

Connectivity

@ CAN
@ 12¢1
@ l12c2
@ 12¢3

SPi
@ SPI3

@ UART4
@ UARTS

|Mude ‘Full—Dup\ex Master |

Hardware NSS Signal ‘Dwsab]e

Configuration

Reset Configuration

@ GPIO Settings

Search Signals
| Pin Name | Signal on Pin [GPIO output._.| GPIO mode |GPIO Pull-u_..[Maximum ou._| Fast Made | User Lab)

[J Show

PB14 SPI2_MISO  n/a Alternate Fu... No pull-up a... High n/a SPIPDI_MI:

PB15 SPI2_MOSI  n/a Alternate Fu_.. Pull up High n/a SPIPDI_MC

PF1-08C_O... SPI2_SCK n/a Alternate Fu... Pull up High n/a SPIPDI_CL
Figure 5-9

Step 8: Enable USART2 for debug console as the setting below.

&

Q v

USART2 Mode and Configuration

System Core

| Mode [Asynchronuus I

v

Analog

Timers

kP Disable

M Hardware Flow Control (RS485)

Configuration

Reset Configuration

Connectivity

@ CAN
Q@ 12C1
@ 12c2
Q@ 12C3

SPI1
v SPI2
Q@ SPI3
@ UART4
@ UARTS

PA3

Q@ USART3

Search Signals

Signal on Pin [GPIO output... GPIO Pull-u... User Label Modlﬁed

O Show only Modified Pins

USART2_TX
USART2_RX

Ailemate Fu
Alternate Fu.

n/a
nfa

No pull-up a.
No pull-up a

. High

High n!a

D

Figure 5-10
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Step 9: Modify the NVIC setting as below.

MNVIC Mode and Configuration

Configuration

I Priority Gt 3 bits for pre-emption prionty e I [ Sodt by Premption Prionty and Sub Prionty ] Sort by intermupts names

(@ Show (available interupts ~ [ Force DMA channels Interupts

NVIC Interrupt Table Preemption Priority | Sub Priority

Search

Hon maskable interupt

Hard fault interrupt 0 i

Memory management fault 0 1]

Pre-fetch fault, memery access fault 0 1]

Undefined instruction or illegal state 0 0

System senice call via SWI instruction 0 a

Debug monitor 0 0

Pendable requast for system senice 0 1]

Time base: System tick timer 5 1 I
] o AT ENE 18 L] U U

Flash global interrupt O o 1]

RCC global interrupt O o 0

ADC1 and ADCZ intermupts [m] 0 a

SPI12 global intermupt O 0 0

USART2 global interrupt | USART2 wake-up interrupt through EXTl lina 26 L1 1] 0

EXT line[15: 7 0 |

TIME glokal interrupt and DACT underrun interrupt O [] [1]

TIMT global interrupt [m] 0 1]

Floating point umit intermupt O 0 a

® Code ganeration

Enabled intermupt table W Selact for init sequence orden .. [Generate Enable in I [] Gnnelae IRQ hand.._|Call HAL hand._|

Non maskable interrupt

Hasd fault intedmipt

Memory management fault

Pre-fetch fault, memory access fault

Undefined instruction or illegal state

System senice call via SWI instruct

Debug monitor

Pendable request for system semce

Time base: System tick timer O (H]
EXTI line]15:10] interrupts O

AoEEEEEE@E

Figure 5-11

Step 10: Adjusting the clock tree in “Clock Configuration” page.
Press “NO” to ignore auto solver process, then modify the settings as the red highlighted below.

Clock Configuration Project Manager

™) Resolve Clock Issues

ofsE = o+ o RTC (kHz

To IWDG (KHz)

P —— T T To AHE bus, core,

mamoary and ML (k)

To Corte Sy b 1)

FCLK Cortex clock (MHz)

System Clock Mux
HSIRC

AP peripheral clocks (MHz)

APB1 timer clocks (MHz)

APB2 peripheral clocks (MHz)

..- APE2 timer clocks (3]

HSE

Figure 5-12
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5-3 Generate Source Code in STM32CubeMX and MDK-ARM

Step 1: In “Project Manager > Project” page, extended the minimum heap size to 0x1000, and select
Firmware Package as “STM32Cube FW_F3 V1.11.2”.

() For Keil MDK IDE:

Pinout & Configuration Clock Configuration Project Manager

(Project Setting

Project Name PAX58100_GpioAio ]
Project Location Browse
Application Structure [Advanced | 0 Do not generate the main()
Toolchain Folder Location D:\AXEB100\BSP\AX58100_BSP_v100\SampleCode\Ax58100_GpioAiol |
Code Generator
Toolchain / IDE MDK-ARM ~ Min Version V5 ~ ]Il_ I

Linker Settings

nced Sattings Minimum Heap Size 01000
Minimum Stack Size |

Thread-safe Settings
Cortex-MANS

[ Enable muti threaded support

Thread-safe Locking Strategy Default - Mapping suitable strategy depending on RTOS selection

Mcu and Firmware Package

Mcu Reference STM32F303RETx

Firmware Package Name and Version STM32Cube FW_F3 V1.11.2 | ~| [0 Use latest available version
_——_-]

Figure 5-13
® For STM32CubelDE:

Pinout & Configuration Clock Configuration Project Manager

(Project Settings

Praject Name Ax58100_GpioAio

Praject Location

Application Structure Advanced ao

Toolchain Folder Location

Toolchain / IDE | STM32CubeIDE |1 |2 Generate Under Roat |

Linker Settings

Advance as Minimum Heap Size 01000

Minimum Stack Size 0400

+ Thread-safe Settings
Cortex-M4NS

[ Enable multithreaded support

Thread-safe Locking Strategy [Defauit - Mapping suitable strateqy depending on RTOS selection

+Mcu and Firmware Package

Meu Reference STM32F303RETx

Firmware Package Name and Version (STM32Cube FW_F3V1.11.2 ~| au

Use Default Firmware Location

Firmware Relative Path

Figure 5-14
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Step 2: In “Project Manager > Code Generator” page, select Copy all used libraries into the project folder.
Pinout & Configuration Clock Configuration Project Manager

+STM32Cube MCU packages and embedded software packs

Project (O Copy all used libraries into the project folder

@ Copy only the necessary library files I

(O Add necessary library files as reference in the toolchain project configuration file

Code Generator

Generated files

[] Generate peripheral initialization as a pair of .c/.h" files per peripheral
[ Backup previously generated files when re-generating

Advanc

Advanc Keep User Code when re-generating

Delete previously generated files when not re-generated

Figure 5-15

Step 3: In “Project Manager > Advanced Settings” page, disable initial code generation as below.
Pinout & Configuration Clock Configuration Project Manager

¢ Driver Selector

Project

RCC

GPIO HAL
> ADC HAL
> DAC HAL
» SPI HAL

Code Generator S M HAL
> USART HAL

Generated Function Calls

Advanced Settings . -
Generate Code| Function Name |Peripheral Ins...| Do Mot Generate Function (O Visibility (Sf
RCC O O

SystemClock

:
2 MX_GPIO_Init GPIO O
3 MX_ADC1_lnit ADC1 m]
4 MX_DAC1_lnit DAC1 O
] 5 MX_SPI2_lnit  SPI2 ]
O 6 MX_TIMG_Init  TIM6 O
=] 7 MX_TIM7_Init  TIMT O
O 8 MX_USART2... USART2 O

Figure 5-16
Step 4: Generates the source code.
e
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5-4 Source Code Adjustment

Step 1: Add the AX58101 source package.

Copy the folders as below to your STM32CubeMX project folder.
BSP_ROOT\SampleCode\Ax58101_GpioAio\AX58101
BSP_ROOT\SampleCode\Ax58101_GpioAio\Binary
BSP_ROOT\SampleCode\Ax58101_GpioAio\For_SSC_Tool
BSP_ROOT\SampleCode\Ax58101_GpioAio\For_TwinCAT
Copy the folders as below to your root folder.

Step 2: Adjust the Vector Table Address.
As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode\Ax58101_GpioAio\Core\Src\system_stm32f3xx.c

93
94
9§
96
98

99 /* i SRA
100 I#Jufinc VECT_TAB_OFFSET 0x4000 /*!< Vector Table base offset field.

172 void Systeninit(void

BTSCPACR I= ((3UL << 10*27T(30L << 11%2)); /% set CP10 and CP11 Full Access *

179 * Conf re the VYector Table locatior

'SCB->YTOR = VECT_TAB_BASE_ADDRESS | VECT_TAB_OFFSET; /* Vector Table Relocati
182 #else 0

132 SCB->VTOR = FLASH_BASE | VFCT_TAB_OFFSET: /* Vector Table Relocation in Internal FLASH ?
184 #endif /* USER_VECT_TAB_ADDRESS *

185
186

Figure 5-17

Step 3: Adjust the Linker setting.
® For Keil MDK IDE:
Skip this step.

® For STM32CubelDE:
BSP_ROOT\SampleCode\Ax58101_GpioAio\STM32CubelDE\STM32F303RETX_FLASH.Id

45 /* Memories definition */
46 MEMORY

47 {

48 CCMRAM (xrw) o ORIGIN = Ox10000000,  LENGTH = 16K
49 RAM  (xrw)  : ORIGIN = 0x20000000, LENGIH = 64K
50 FLASH (Tx) : ORIGIN = 0xB8004000, LENGTH = 240k
51}

52

Figure 5-18
L=
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Step 4: Modify source code.
As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode\Ax58101_GpioAio\Core\Src\main.c

ié/‘ Private includes
%2/‘ USER CODE EGIN Includes */

§§/* USER CODE END Includes */
L L] L

45 1% Private MACKO =-=s-scsccsmcsesommenne somemsms e
46 /* USER CODE BEGIN PM

4 #define ADC NE {EOT
55/+ USER CODE END PM */
o ® &
gg'/* USER CODE BEGIN PV */

64 /* USER CODE END PV */
Figure 5-19

/* Initialize all configured peripherals */
MX_GPI10_Init();
MX_ADC1_Init();
MX_DACI_Init();

/* USER CODE BEGIN 2 “

I’ MRIOImivO; o
79 /* USER CODE END 2 */
Figure 5-20
e
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Figure 5-21
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Figure 5-22

Figure 5-23
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700 #*

L e
702 * Function Name: HAL_GPIO_EXTI Callback

703 * Purpose:

704 * Params:

705 * Returns:

706 * Note:

L e T
708 *f

709 woid HAL_GPIO_EXTI_Callbacki{nintl6_t GPIO_Pin)
7104

711 if (GFI0_Pin == DAC_TRIG_Pin)

712 {

713 /* Detected DAC trigzer signal */

714 MCU_GPIO_EXTI_CLEAR FLAG{DAC_TRIG Pin);
715 }

716

717 if (GPIO_Pin == &DC_TRIG Pin)

718 {

710 /¥ Detected ADC trigger signal */

?%? MCU_GPIO_EXTI_CLEAR_FLAG(ADC_TRIG_Pin):
7

722

723 if (GPIO_Pin == USER_BTN Pin)

724

715 /* Detected nser button signal */
726 MCU_GPIO_EXTI_CLEAR_FLAG(USER_BTN_Pin);

727 +
?%g} /* End of HAL _GPFIO_EXTI Callback() */
7

?%?I* USER CODE END 4 *f
7

Figure 5-24

As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode\Ax58101_GpioAio\Core\Src\stm32f3xx_it.c

20 /% Includes —————————————————————————————————————————
21l #include "main.h"

22 #include "stm32
23 /% Private includ
24 /* USER CODE BEGIN Includes */
25 #include "ax58101 _utils . h"”

26 /* USER CODE END Includes */

27
28 /% Private typedef ----cceoommmiii
%9 {/* USER CODE BEGIN TD */

igi‘ * @brief This function handles System tick timer.
183 */ ] .

1%\?51 vold SysTick_Handler(wvoid)

185 {

186 /% USER CODE BEGIN SysTick_IRQn 0 */f

187

188 /* USER CODE END SysTick_IRQn 0 */
189  HAL_IncTick();

190 /* USER CODE BEGIN SysTick_ IRQn 1 */
191 #1f (AX58101_DEBUG_ENABLE)

192 CONSOLE_TimeTick();

193 #endif //#if (AX58101 _DEBUG_ENABLE)
%gg /* USER CODE END SwsTick_IRQn 1 */

Figure 5-25
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5-5 Generate EtherCAT SubDevice Stack Code

Due to the ETG SubDevice Stack Code (SSC) license limitation, the user must re-generate the source code by
the SSC tool locally, about how to get the SSC tool and how to generate targeted source code, please refer to
the user guide as below.

BSP_ROOT\Document\AX58x00_SSC_Tool_Configuration_Import_UserGuide_vXXX.pdf
Assume the SSC tool has been installed, the related files needed are as below.

SSC tool project file:
BSP_ROOT \SampleCode\Ax58101_GpioAio\For_SSC_Tool\AX58101_GPIO_8Bit_AIO_16Bit.esp

Configuration file for custom import:
BSP_ROOT\SampleCode\Ax58101_GpioAio\For_SSC_Tool\Import\Configuration\AsixAx58101GpioAio
Configurations.xml

Excel file for application import:
BSP_ROOT\SampleCode\Ax58101_GpioAio\For_SSC_Tool\Import\Configuration\files\AX58101_GPIO_
8Bit_AlO_16Bit.xIsx
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‘A ASIX

5-6 IDE Setting Adjustment

) For Keil MDK IDE:
Double clicks the file as below to open project.
BSP_ROOT\SampleCode\Ax58101_GpioAio\MDK-ARM\Ax58101_GpioAio.uvproj

Step 1: Add source code both on dual cores.
Clock on “Project > Manage > Project Items...” to open “Manage Project Items” dialog, then add groups
and files as the figure below.

Groups: i3 || 9| | |Files ¥ 4| ¥ | |Groups: 0% | 4| ¥ | Fies: | 4 | & |[Groups: 5% 4| ¥ | |Fles: K+ +
lication/MDK-ARM AX58101_FoeAppl ¢ Application/MDK-ARM ax_cigh Application/MDK-ARM 2x58101_enc.c
ﬁli:mian/uﬁ«zcnre AKSBIN:GPISP_PEEI_A\O_IGEit.c Application./User/Care ax_typesh Application/User/Core ax58101_iowd.c
Drivers/STM32F 3o _HAL _Driver AX58101_Hw e Drivers/STM32F 2xx_HAL_Driver 2x58101_adiof o Drivers/STM32F3x_HAL_Driver 2x58101_misc.c
i s = bootmode ¢ Drivers/CMSI5 258101 flash.c Drivers/CMSIS ax58107_pwm.c
coeappl.c 55C/Src 2x58101 _vart.c SSCiSre 2x58101_spim.c
AXSB101/ax58101_utis ecatappl ¢ cicmd ¢ AX32101 2608 ax56101 step.c
AX58101/2x58101 driver atcoe.c B101/axbB101_dnver console ¢
ecatfoe.c printd.c
ecatsiv.e test.c
foeappl.c
mailbox ¢
objdef ¢
sdogerv.c

Figure 5-26

Step 2: Add include path both on dual cores.
Click on “Project > Options for Target ‘xxxx’... > C/C++ > Include Path” to open “Folder Setup” dialog,
then add paths as the figure below.

%]

Deviss | Tarest | Onput | Listng | Uir Am | Lisker | Debug | Detiies |

Preprocessor Symbols
Define: ’E&HAL’DR\VERSTM 32FI0NE

Folder Setup

Setup Compiler Include Paths:

/Core/inc
/Drivers/STM32F 3o _HAL_Diiver/Inc

Undefine: |

Language / Code Generation

Wamings /Drivers/STM32F 3o _HAL Driver/inc/Legacy
I Brecute-only Code I™" Suict ANSIC /Drivers/CMSIS/Device /ST/STM32F boc include
Optimization: [Level 3(03) ~ I™ Enum Container ahways int Al Wamings d P
/
[~ Optimize for Time I™ Plain Charis Signed I /AX58101/2x58101_utils
. AX58101/ax58101 _diver
™ Spit Load and Store Mutiple I ReadOnly Postion Independent I~ No Auto Includes TP S50 TS
¥ One ELF Section per Function I™ Read-Wrte Postion Independent ¥ €99 Mode

Include
Paths
Misc ‘
Controls

[ACore/inc: /Drivers/STM32F3ux_HAL Diver/inc; /Dnvers/STM32F3u7HAL7Dnver/\nc/Legscy‘i_ I

Compiler
cortrol
string

239 < ~cpu Cortex-M4 o g -03 ~zpcs=interwark ~splt_sections | /Core/Inc -
/Drvers/STM32F3_HAL_Drver/ine - ./Drvers/STM32F 3c_HAL_Driver/inc/Legacy -

Cancel

3 Caavel Detuls | HY |

Figure 5-27

Step 3: Setup Utilities.
Click on “Project > Options for Target ‘xxxx’... > Utilities > Settings”, then select “Flash Download” page
to add “Programming Algorithm” as the value below.

Device | Target | Output | Listng | User | CAC#+ | Asm | Linker Uu‘hm} Dabungrace Flash Download
Setinga | | & Use: ISTrLir\k Debuggerl 'I Seitings I Download Function

Loap  © Erase Full Chip
¥ Runto main()

“ ¢ Erase Sectors
[[z]

(" Use Simulator  with restrictions

I Limit Speed to Real-Time

RAM for Algorithm

[ Program
= Verity
[~ Resetand Run

IStart |DxZDDDDDDD Size: |0x0800 I

¥ Load Application at Startup
Initialization File:

¥ Load Application at Startup
Inttialization File:

¥ Runto main{)

=

" Do not Erase

Programming Algorithm

Restore Debug Session Settings Restore Debug Session Settings Description | Device Size | Device Type | Address Range

[ Breakpoints ¥ Toobox [ Breakpoints ¥ Toobox [T ST32r 3 51 2KE Flash 512k On-chip Flash 08004000H - 080417FFH

¥ Watch Windows & Performance Analyzer ¥ Watch Windows

¥ Memory Display [ System Viewer ¥ Memory Display [V System Viewer
CPU DLL Parameter Diiver DLL: Parameter
[sARMCM3.OLL [MPU-REMAP [saRmCM3.OLL [MPU
Dislog DLL:  Parameter Dislog DLL:  Parameter I;tﬂ’t [ox08004000
[pcmoL [pcmz [remoLL [pcmz

Add Remave

Manage Component Viewer Descrption Fils ...

OK Cancel Defanlts

‘ Help

Size: |0x0003D800 I

Start = 0x08004000, Size = 0x0003D800

= |

Figure 5-28
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Step 4: Change “Linker” settings.
Find the setting of “Project > Options for Target ‘xxxx’... > Linker”, then checked the “Use Memory
Layout from Target Dialog”.

Device | Target | Output | Listng | User | CC4+ | Asn  |Linker | Debug | Utilities |

I [V Use Memory Layout from Target Dialog I X/0 Base:

[~ Make RW Sections Position Independent R/Q Base: |0
[~ Make RO Sections Posttion Independent

R/W Base |(x20000000
[ Dont Search Standard Libraries
[¥ Report ‘might fail' Condtions as Ermors disable Wamings: |
Figure 5-29

Step 5: Add post build actions.
Find the setting of “Project > Options for Target ‘xxxx’... > User > After Build/Rebuild”, then add actions
as the value below.

Device | Tarest | Ouput | Listine Usr | CiC#+ | Asm | Linker | Debug | Usities |

Command ltems User Command . Stopon Exi.. 5.
[=-Before Compile C/C++ File
[~ Run#1 3] Not Specified ||
[~ Runz2 3] Not Specified ||
[=)-Before Build/Rebuild
[~ Run#1 2] Not Specified ||
[~ Runz2 2] Not Specified ||
= A ild/] |
[¥ Run#1 fromelf --bin ".\Ax38101_GpicAio\@L.axf" --out... ‘_'ﬂ Not Specified [
[¥ Run#2 A\ Tools\FilelnfoAdder \Ax58101_GpioAio\A... Jl-3] Not Specified ||
Figure 5-30

Run #1: fromelf --bin ".\Ax58101_GpioAio\@L.axf" --output ".\Ax58101_GpioAio\@L.bin"
Run #2:
.\.\..\Tools\FileInfoAdder .\Ax58101_GpioAio\Ax58101_GpioAio.bin ..\For_TwinCAT\FOoE\AX58101_GpioAio.efw

Step 6: Modify “Target Options”.
Find the setting of “Project > Options for Target ‘xxxx’... > Target > Read/Write Memory Areas”, then
modify it as the value below.

Device Output | Listing | User | G/C++ | Asm | Linker | Debug | Utilities |

STMicroelectronics STM32F303RETx
Code Generation

Htal (MHz): |2.0 ARM Compiler: |Use default compiler version j
Operating system: | None ﬂ
System Viewer File: [~ Use Cross-Module Optimization
STM32F303xE svd J [~ Use MicroLIB r
™ Use Custom File Floating Point Hardware: W
Read/Only Memory freas Read/Write Memory Areas |
default  off-chip Start Size Startup default  off-chip Start Size Molnit
[~ ROM1: - r RAM1: r
roemz[ [ rormz[ [
roemx[ [ - ormx[ [
gochio on-chip
Ip IROM1: [lx8004000  [Bx3DBO0D I & ¥ IRAMT [20000000 [B00O0 [
T IROMZ: | | s ¥ IRam2: [B10000000 [D000 [
Figure 5-31

IROM1 Start = 0x8004000, Size = 0x3D800

Now, entire building procedure has done for Keil MDK IDE.
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® For STM32CubelDE:
Double clicks the file as below to open project.
BSP_ROOT\SampleCode\Ax58101_GpioAio\STM32CubelDE\.project

Step 1: Add source code.
On “Project Explorer”, add virtual folders and linking the source files.

W E Ax58101_GpioAio (in 5TM32CubelDE)
ff' Binaries
it Includes
== Application
v (G AX58101 _driver
ax58101 _enc.c
ax58101 jowd.c
ax58101 _misc.c

ax58101_pwm.c
ax58101 _spim.c
L&l ax58101_step.

v gy AXSET0T _utils
ax58101_adiaifc
ax58101 _flash.c
ax58101 _uart.c
clicmd.c
console.c
printd.c

[€} AX58101_FoeAppl.c

[, AX58101_GPIO_8Bit AIO_16Bit.c
@ AX58101 _Hwe

bootmode.c

coeappl.c
ecatappl.c
ecatcoe.c
ecatfoe.c
ecatslv.c
foeappl.c
mailbax.c
objdef.c

1 sdoser.c

| Ax58101_GpicAic.ioc
|1 STM32F303RETH_FLASH.ID

PR PR

Figure 5-32
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B Add Virtual Folder: Right click on target project, enter new folder name and select “New > Folder
> Folder is not located in the file system (Virtual Folder)”.

8101_Gpiofio (in 5T ubelD ENE\-\I’FD'dE!
Binaries

i
i Includes Folder

g :igg:;:‘”; ) € 'AX58101_utils' already exists.
_driver

oy AX58101 _utils
(= Debug Enter or select the parent folder:

& Drivers [ 058101 _GpioAio

i 55C

[ Ax58101_GpicAio.ioc [y |
|5 STM32F203RETX_FLASH.Id [T Ax58101_GpioAio

Folder nameI|A)(581 DLuti\sI

<< Advanced

— Use default location
[y Folder is not located in the file system (Virtual Folder)l

) (g Link to altemate location (Linked Falder)

Figure 5-33

B Add File Link: Select and drag the files onto the created virtual folder.
v [ Ax58101_GpioAio (in STM32CubelDE)
il Includes
(= Application

Ga AXS8101 driver
*___ & 2x58101_adiaif.c
= Debug T N[& ax58101_flash.c
(= Drivers L%_ ax58101 _uart.c
p SSC g cliemd.c
[A Ax58101_GpioAic.ioc [& console.c
|5 STM32F303RETX_FLASH.Id & printd.c
& test.c
Figure 5-34
[I Link Files X

[AiCreate link locations relative to: PROJECT_LOC ~

Configure Drag and Drop Settings...

Figure 5-35
e
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Step 2: Enable binary & Hex output files conversion on dual cores.
Select target project, then find setting on “Project > Properties > C/C++ Build > Settings > Tool Settings >
MCU Post build outputs”, then give the setting as highlighted as below.

type filter text Settings - -
Resource
Builders

~ C/C++ Build Configuration: |Debug [Active ] ~ | | Manage Configurations.

Build Variables
Environment

Logging & Build Steps Build Artifact Binary Parsers| €@ Error Parsers

C/C++ General & MCU Toolchain [] Convert to binary file (-O binary)

CMSIS-SVD Settings I_[@MS_I Convert to Intel Hex file (-0 ihex)

Project References (# MCU Post build outputs [ Convert to Motorola S-record file (-0 srec)

Run/Debug Settings v® t:CUfMPU GCC Assembler [[] Convert to Verilog file (-0 verilog)
g g:zi’gag‘;img [ Convert to Motarola S-record (symbols) file (-O symbalsrec)
(5 Preprocessor Show size information about built artifact
2 Include paths Generate list file

Figure 5-36

Step 3: Add include path.
Select target project, then find setting on “Project > Properties > C/C++ Build > Settings > Tool Settings >
MCU/MCP GCC Compiler > Include paths”, then add paths as the figure below.

|t;\-'pe filter text | Settings
Resource
Builders
~ C/C++ Build Configuration: | Debug [Active ] v | | Manag

Build Variables

Environment
JSON Compilation Dat %3 Tool Settings L& Build Steps Build Artifact Binary Parsers| €3 Error Parsers

& MCU/MPU Toolchain Include paths (-} &)
m— (5 MCU/MPU Settings —

CMSIS-SVD Settings (B MCU/MPU Post build outputs | =R % = i 3o Ea, HAL Driver/inc

Project References & MCU/MPU GCC Assembler ./-/Drivers/STM32Fx HAL Driver/Inc/Legacy

Run/Debug Settings v 8 MCU/MPU GCC Compiler -/.{Drivers/CMSIS/Device/ST/STM32F 3¢/ Include
# General _//Drivers/CM5I5/Include
# Debuggin - - Tl
o oueene /- /AX58101/ax58101_utils

JAAX58101/ax58101 _driver
S For 55C_Tool/Src

(2 Include paths

Uptimization
(2 Warnings
(2 Miscellaneous
B MCU/MPU GCC Linker

Figure 5-37
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Step 4: Add post build actions.

Find the setting of “Project > Properties > C/C++ Build > Settings > Build Steps > Post-build steps”, then
add actions as the value below.

|| | Settings . <
Resource
Builders

~v C/C++ Build Configuration: |Debug [Active ] ~| | Manage Configurations...

Build Variables
Environment

JSON Compilation Dat &3 Toaol Settingd Build Steps Build Artifact Binary Parsers | €3 Error Parsers

Logging ]

Pre-build steps
C/C++ General Command:

CMSIS-SVD Settings |

Project References
Run/Debug Settings

Description:
Post-build steps
RESLEITE :

H J-f-f-fToals/FilelnfoAdder Ax58101_Gpiohio.bin /. /For_TwinCAT/FoE/AX58101_GpioAio.efw H v|

Description:

| e |

Figure 5-38

Post-build steps Command:
.I..1..l..ITools/FileinfoAdder Ax58101_GpioAio.bin ../../[For_TwinCAT/FoE/AX58101_GpioAio.efw

Now, entire building procedure has done for STM32CubelDE.

So far, the entire project source has been ready for building firmware binary.
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6. Build Up and Download the Firmware

Here will introduce how to build up full firmware source in your local IDE.

6-1 Build up Firmware Binary

® For Keil MDK IDE:
Step 1: Double clicks on “Ax58101_GpioAio.uvprojx” file in the folder below to open project.
BSP_ROOT\SampleCode\Ax58101_GpioAio\MDK-ARM.

Step 2: Execute “Rebuild all target files” under “Menu Bar > Project”.
File Edit View  Project Flash Debug Peripherals Tools SVt

2 [ lj | Mew pVision Project...
Ifl @ Mew Multi-Project Workspace..,
Open Project...

= Close Project
=% Project: AxS

—I-g Ax38100 Export

[J Appl Manage

3 Appl
p.p Select Device for Target ...
L3 Drive
Remaove [tem

+

+

+

+-Ld Drive
-0 Mide gﬁ\ Options for Target "Ax38100_MotorControl'...
+
+

L AX5E Clean Targets
550 e gy Target
& cm

Rebuild all target files

§2 Batch Build...

Translate...

Figure 6-1

® For STM32CubelDE:
Step 1: Double clicks the file as below to open project.
BSP_ROOT\SampleCode\Ax58101_GpioAio\STM32CubelDE\.project

Step 2: Select the project node and execute “Build Project” under “Menu Bar > Project”.
- STM32CubelDE

: Search Project Run Window Help
Q Open Project

Close Project

ubelDE) 014 Build All Ctrl+B
Build Configurations >
|

Build Working Set >
Clean...

Build Automatically

Build Targets >
C/C++ Index >
Figure 6-2
&
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6-2 Download Bootloader Firmware

Step 1: Open STM32CubeProgrammer utility and connect to the MCU board.

Step 2: Select the “Erasing & Programming” page, then click “Browse” button to select bootloader firmware
binary file in the path below.
BSP_ROOT\SampleCode\ Ax58101_Bldr\Binary\Ax58101_BIldr_vX.X.X

Please ensure the “Start address” is 0x08000000.

[ sTM32CubeProgrammer - m] X

STM ﬁ

CubePr

Jramme:

ownload Erase flashimemonyl| Erase external memory
File path DAAX581010\AX58101_BSPVAX58101_BSP_v100\Sample( | = - Erase selected sectors Full chip erase
IStar‘ address | 0x08000000 I

. ) Select | Index |  Start Address Size
[__] Skip flash erase before programming [ ] 0 0x08000000 K |5

[
Verify programming ] 1 0x08000800 2K
() Run ster programming U 2 0x08001000 x
] 3 0x08001800 2
[ startProgramming ] O 4 0x08002000 x
L 5 0x08002800 K

Automatic Mode —

Figure 6-3

Step 3: Press “Start Programming” button to download bootloader firmware.

6-3 Download GPIO / AIO Firmware

) For Keil MDK IDE:
Step 1: Click “Menu bar > Flash > Download” to download firmware into MCU.

File Edit View Project Debug Peripherals Tool

EET IR o B
Lonb Erase
| ¥4
Project Configure Flash Tools...
Figure 6-4

® For STM32CubelDE:
Step 1: Click “Menu bar > Run > Run As > STM32 C/C++ Application” to download firmware into MCU.

Projev:t‘w".findow Help & mysT

&~ f(:"_.'_‘ Run i - - } -
7§ = 3%, Debug F11
o
Run History ¥
{J RunAs ¥ E 1 STM32 C/C++ Application

Run Configurations... I

Figure 6-5
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® Using STM32CubeProgrammer Utility:
Step 1: Similarly, please ensure the utility has connected to target MCU board.

Step 2: Select the “Erasing & Programming” page, then click the “Browse” button to select GPIO / AlO
firmware binary file from one of the following paths.

®  For Keil MDK IDE:
BSP_ROOT\SampleCode\Ax58101_GpioAio\MDK-ARM\Ax58101_GpioAio\
Ax58101_GpioAio.bin

[ ] For STM32CubelDE:
BSP_ROOT\SampleCode\Ax58101_GpioAio\STM32CubelDE\Debug\Ax58101_GpioAio.bin

B For Binary folder:
BSP_ROOT\\SampleCode\Ax58101_GpioAio\Binary\Ax58101_GpioAio.bin

Please ensure the “Start address” is 0x08004000.

[F] sTM32CubeProgrammer - (]

E Erasing & Programming

Erase flashimemony Erase external memory

@note for sect.. Full chip era...

-
File path DAAX58101(2)\Development\BSPAAX581011 | + Browse |

Start address 0x08004000

" skip flash erase before programming | | Select Index StartAddress  Size
— 0 0x08000000 K ©

Verify programming | Full Flash memory checksum - l =

- | 1 0x08000800 2K
| Run after programming —
B 2 0x08001000 2K
Start Programming 7| 3 0x03001800 2K
| 4 0x08002000 2K
Figure 6-6

Step 3: Press “Start Programming” button to download GPIO / AlO firmware.
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6-4 Check Firmware Status

After upgrading the firmware, you can verify that the firmware upgrade has been successfully programmed.
Please refer to the following steps.

Users need to use “Tera Term” console tool or another console connection tool.
The default setting of UART port as following:

Baud rate:
Data:

Parity:

Stop:

Flow control:

115200
8 bit
none
1 bit
none
Tera Term: Serial port setup and connection *
Port: comis w .
| New setting
Speed: 115200 v
Data: § bit ~ Cancel
Parity: none w
Stop bits: 1 bit ~ Help
Flow control: none w
Transmit delay
EI msecichar EI msecfline

Figure 6-7

Open the COM port. If no characters appear in COM port, you can press “Reset” button to confirm again. Below
screen shows the firmware of the EtherCAT SubDevice Stack working successfully.

T COM1E - Tera Term VT
File Edit

Setup Contral

Window Help

Figure 6-8
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7. Basic Operation of TwWinCAT

Please refer to the file “AX58x00_TwinCAT_UserGuide” Chapter 3.

8. PLC Application

Please refer to the file “AX58x00_TwinCAT_UserGuide” Chapter 5.
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9. Flash Memory Allocation and FoE Upgrading

To support “File Access over EtherCAT” (FoE) feature, this reference design has the flash memory allocation
on the STM32F303RE as below.

Flash area Flash memory addresses (bs;titz:sl Name
0x0800 0000 - 0x0800 O7FF 2K Page 0
0x0800 0800 - 0x0800 OFFF 2K Page 1
0x0800 1000 - 0x0800 17FF 2K Page 2 Bootloader area
0x0800 1800 - 0x0800 1FFF 2K Page 3 (Page 0-7)
0x0800 3800 - 0x0800 3FFF Page 7

Page 8

0x0800 4000 - 0x0800 47FF

Runtime image area
(Page 8-130)

Main memory

0x0804 1000 - 0x0804 17FF Page 130

0x0804 1800 - 0x0804 1FFF Page 131 Flash buffer area
0x0807 FOOO - 0x0807 F7TFF Page 254 (Page 131~254)
0x0807 F800 - 0x0807 FFFF 2K Page 255
Ox1FFF D800 - 0x1FFF F7FF 8K System memory
Information block
0x1FFF F800 - Ox1FFF F8OF 16 Option bytes
Figure 9-1

® Bootloader area (Address=0x08000000, Size=16Kbytes):
The Bootloader firmware must be pre-burn in this area, it'll responsible for coping the received new
firmware from “Flash buffer area” into “Runtime image area”, then executes the new firmware.

® Runtime image area (Address=0x08004000, Size=246Kbytes):
Used to run application firmware (as the GPIO / AlO firmware in here), it is also responsible for store the
received .efw file into “Flash buffer area” via FOE data transfer.

®  Flash buffer area (Address=0x08041800, Size=247Kbytes):
Used to store entire .efw file.

The .efw file is dedicate use for FoE transfer, it's a firmware binary file with 32-bytes header pre-fix.
Every time the project build done, the .efw file will auto be generated in the path below by
“FileInfoAdder.exe” utility.

BSP_ROOT\SampleCode\Ax58101_GpioAio\For_TwinCAT\FOE\AX58101_GpioAio.efw
32 bytes file header

typedef struct _UPGRADE_RUNTIME_ HEADER

{
unsigned char Signature[4]:
unsigned short ImageType;
unsigned short Compress;
unsigned long ContentOffset;
unsigned long Filelen;
unsigned long ReservedO;
unsigned long Checksum32;
unsigned long Reservedl([2]:;

} UPGRADE_RT_HEAD;

SH
— —p
FileinfoAdder.exe
.bin file efw file
Figure 9-2
=
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9-1 Firmware Upgrade

Here assume the EtherCAT network has established and the device has been under OP mode, then please
follow the steps below to do firmware upgrade via FoE.

Step 1: Right click on the online device that you want to upgrade firmware, then select
~ 0 X TwinCATProject2? ® X

General Adapter EtherCAT CoEvOriine

No Addr  MName State CRC
. Box 1 (AX58101_GPIO_jied 2

“Firmware Update”.

.Reque.sl' 'INIT state
Request 'PREOP' state
Request 'SAFEQP' state
Request 'OP' state

Request 'BOOTSTRAP' state

= Clear 'ERROR’ state
« Device 2 (EtherCAT)
=% Tmage EEPROM Update...
.i Image-Info ‘ I Firmware Update... I |‘
4 SyncUnits Actual State op Advanced Settings... Queued
P Wl Inputs
b ; . Init PreOp | |Safe-Op Op Properties... 4569533
i 19
b Clear CRC Clear Frames s 0
3 GPIO_8Bit_AIO_16Bit T 5 = 0
B 3. Mappings !
Figure 9-3

Step 2: Select firmware binary file for FoE in the path below.
“BSP_ROOT\SampleCode\Ax58101_GpioAio\For_TwinCAT\FOE\AX58101_GpioAio.efw”

Step 3: Click OK to start firmware upgrading.

Edit FoE Name *
String: | 45810 _Gpiokio | [ ok |
Hes: 41 58 35 38 31 30 31 5F 47 70 69 BF 41 69 £F] Cancel
Length:

Pazzword (hex): | 00000000

Figure 9-4

Step 4: Wait the process complete, the dialog will pop up as below if upgrading is successfully done.
Microsoft Visual Studio %

\0' Function Succeeded!

Figure 9-5
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10. Virtual ADIO Mode

This example not only provides physical pins for connecting external devices but also offers virtual
commands, making GPIO / AlO evaluation and testing more convenient. Virtual ADIO commands must be
used in conjunction with the TwinCAT PLC AxGpioAio example. This section can be referenced in Chapter 8.

If users need to connect external devices, the pinout can be referenced in Section 3.2.

10-1 Console Command Usage

Usage

adio [-dsb] [-ve DecValue] [-vsw HexValue] [-vdi HexValue] [-vai HexValue]

Parameters | Available value Description

-dsb N/A Enables the dashboard display to show real-time test status
or results.
Ctrl+C is used to exit.

-ve 0: Disable (Default) This command is used to enable virtual ADIO Mode. Once

1: Enable enabled, the -vsw, -vdi, and -vai commands can be used to

provide virtual values to their respective parameters. These
values will be reflected in the corresponding fields on the
TwinCAT PLC AxGpioAio operation interface.

If disabled, use the physical peripheral pins instead.

-VSW 0~FF Sets the virtual switch ID state. The parameter must be in
hexadecimal format.
virtual ADIO Mode must be enabled.

-vdi 0~FF Sets the virtual digital input state. The parameter must be in
hexadecimal format.
virtual ADIO Mode must be enabled.

-vai 0~FFF Sets the virtual analog input value. The parameter must be in
hexadecimal format and limited to 12-bit ADC data (0x000 to
OxFFF).

virtual ADIO Mode must be enabled.

Examples:

In virtual ADIO Mode, the digital I/O value is set to Oxff and enable the dashboard:
adio -ve 1 -vdi ff -dsb

In virtual ADIO Mode, the analog I/O value is set to 0x123 and enable the dashboard:
adio -ve 1 -vai 123 -dsb

In virtual ADIO Mode, analog I/O value is set to 0x123, the digital 10 value is set to 0x45 and enable the
dashboard:
adio -ve 1 -vai 123 -vdi 45 -dsb

In physical ADIO Mode, enable the dashboard:
adio -ve 0 -dsb

Table 10-1
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11. Switch ID Description

The Switch ID in this application is used for identification function of TwinCAT MainDevice. User can specify
an ID at EtherCAT SubDevice side and setup identification at TwinCAT MainDevice side. TwinCAT
MainDevice will check if the ID of the SubDevice matched with the expected identification value during startup
of the SubDevice. If you want to know how to setup identification, please follow below example.

You can find out the “IdentificationReg134” setting in ESI file after SSC Tool generated source files and ESI
file through import ASIX’s configuration file.
<Infox
<5S5tateMachine
<Timeout>
<PreopTimeout>2000</PreopTimeout>
<SafeopCpTimeout>9000</SafeopOpTimeout>
<BackToInitTimeout>5000</BackTolnitTimeout>
<BackToSafeopTimeout>200</BackToSafeopTimeout>
</Timeout>
</5tateMachine>
<Mailbox>
<Timeout>
<RequestTimeout>100<,/RequescTimeout>
<ResponseTimeout>2000<,/ResponseTimeouts>
</Timeout>
< /Mailbox>
«IdentificationRegl34>true</IdentificationRegl34>
</Info>

Figure 11-1

This example provides both physical pins and the ability to set virtual values to simulate the Rotary Dip Switch
through Console commands. However, the physical pins require an actual rotary switch to be connected
externally.

The diagram below provides a pinout reference for SWO0-7.

Note: To use the SW0-SW?7 pinout, each pin must be connected to DC_5V with an external pull-up resistor
(recommended 4.7 kohm). Since the pinout is active low, for example, to set the Switch ID to 0x05, pull SW0
and SW2 low.

et CN10
Jo s
pero/swie—I pgio pei1 [ peojswe. 1 [ oo " palem—m—
=2 pciz2 PD2 [FE— 4 oy — adn plele————
*—S1voD  ESV —ET — S5 1pmg pcs HE—xPesisws
e GND

*—= BOOT GND T avbn ey HE—

—21 NG NC —Wﬁ —GND 9l wp  ne 2

~—dne  zav [HE 1] pas  pajz 2

«—131 pp13 NRST HEA—o 184 pag  patt 4

e PA14 3.3V =o—" sy mcu 184 pa7  pai2 (HHE——

121 pats sV <21 pgs ppiy [—E—

—GND_ " 19t GND% R18\ A NCO | 070 GF\B 20 GND
21 ] PB7 GND lea  GNU w2l | PA9 PB2 _22_\<

<231 pC13 VN 2 w2l pne ppy 24

»#—2531pcis N | »*—251pB10 PBIS REIA2

2L pci5  pAo HRE— 27 pps” poia R 22

R1e. . o =X PFo  PA1 [0 w22 ppe prig A
VNV PF1_ PA4 % <=3l pg3 AGND 22—

334 yBAT PR R 33 ] pato’ Poa 34— pcajswa
pe2fsw2e 38 pos poq [RE—PC/swi 35 | oo Iyl I
peafsw3e—37 | poy  pop |28—<PCo/swo 37| a3 NG |38

Figure 11-2
&
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This setting will make TwinCAT MainDevice enable the identification function for the SubDevice.
Select the SubDevice, right-click and select “Advanced Settings...”.

General Adapter EtherCAT Online  CoE - Online

Mo Addr  Name State CRC

1001
Request 'INIT state

Request 'PREOP' state
Request 'SAFEQP' state

Request 'OP" state

Request 'BOOTSTRAP' state
Clear 'ERROR' state

EEPROM Update...

Firmware Update...

Actual State:

Advanced Settings...

Export List...
it | |PreOp |SafeOp :
Properties...
Clear CRC Clear Frd Fsh
Figure 11-3
Go to “General -> Behavior” and turn on the “Check Identification”.
Advanced Settings @
& General Behavior
- Behavior ) _
Timeout Settings Startop Checking State Machine
.Identification Check Vendor [d Auto Restore States
FMMU / SM Check Product Code [ Wait for Westate is Ok
-Init Commands [] Check Revision Number Relnit after Comumunication Exmor
Mailbox Log Communication Changes
Distributed Clack [ Check Serial Number
I - ESC Access Final State
I @ oF ) BAFEOQP in Config Mode
I Process Data T BAFEOF (0 PRECP T INIT
[T] 32 RIVWE instead of BW Info Data.
Include W State Bitis) Include State
[7] Frame Repeat Suppert Tnclude Ads Address
[7] e Tivalid Tnput Data. Tnclude &0F Netld
1 [T Create SM/PDO Varisbles 7] Tnolude Chamnels |
General [T Include DC Shift Times
| No Autolne - Uz 2. Address [T] Tnchude Oibiect 14
Antolne only - No Fixed Address
[ Watchdog
[7] St Multiplisr (Res. 400k): 2493
[ [C] #et PDI Watchdog (Reg. 410h): 1000 : 100.000
[C] #et 81 Watchdog (Reg, 420h): 1000 : 100.000
[ %= | =& |

Figure 11-4
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Confirm current identification ADO (Address Offset) is “(ADO 0x0134)”.
Don’t forget to assign the value in decimal. The value “55” is just an example here.

Advanced Settings

(= General
i i Behavior

- Mailbax

| - ESC Access

Command: adio -ve 1 -vsw 37 -dsb

']

=1

File Edit

- Timeout Settings
® Identification
FMIMU /SM
-Init Commands

© Configured Station Aliss (ADO 0:0012)
| ® Exlicit Devive Mentification (ADO 0:0134) |

. Distributed Clock

Figure 11-5

Of course, you should also set up the same value by simulating the Rotary Dip Switch through Console
commands like following:

Assuming users are already familiar with executing commands via the console, otherwise, users can refer to
Section 6.4 and Chapter 10.

%dLo -ve 1 -us@ 57 -dsb |
1rtua Ena e

itchID| DI

ALIOD
=1l
Ax37

Figure 11-6

Do AG virtualAdioEnable
Bx9c Ox0000 Ox00 PxGEEE 1
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Click the "Reload Devices" button, and the state will change to "OP."

il - / TwinCAT Projectd = =local> * - AxGpicAio_v1{

TwinCAT Projectd R X Visualization

General Adapter EtherCAT Online  CoFE - Online

Na Addr  Name State CRC
i 1 1001 Box 1(AX5E100_GPIO_8Bit_AID... | OP 0
Figure 11-7

Clicked “Activate Configuration”.

«* B & (@|%a &  TwinCAT Projectd - <lLocal> = - AxGpioAio_y

* 0 X TwinCAT Projectd Visualization

General Adapter EtherCAT Online  CoE - Online

1 project) Mo Addr  Name State CRC
’ & 1 1001 Box 1 (AX581 DD_GPIO_EBH_AIO...' oP 0
Figure 11-8

Since this example does not have an actual Rotary Dip Switch connected, we can observe that the value of
ESC 0x012 will be a random value, differing each time the system is powered on. This behavior is normal.
Next, we will arrange the commands to observe this behavior.

Go to “ESC Access -> Memory” in “Advanced Settings” and check out the address 0x0012.

Memory
Start Offset: 0000 Offz Dec | (= | T | ~
Length: 0400 0000 ESC Rev/Type 200 00c8 .
Working Courter: |1 0002 ESC Build 0 0000
0004 SM/FMMU Cnt 2056 0208
[ Auto Reload I Reload || 0006 Ports/DPRAM 3849 0f09
[ Compact View Write 0008 Features 460 0lcc
[ Use Fixed Addr 000a 0 0000
000c 0 0000
EtherCAT Slave Controller Type 000e 0 0000
@® Unspecified 0010_Phys Addr 1001 D3¢9
Oesc 1020 r 0012 Configured Station ... |136 DDba |-
OIP core 0014 0 000D
(OET1100
OET1200 0016 0 0000
0018 0 0000 . v
Figure 11-9
&
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You can append an EtherCAT command to TwinCAT MainDevice for confirm the second address.

Click “Device N (EtherCAT) -> Append EtherCAT Cmd”.

Rename

Change Metld...

Sawve Device 2 (EtherCAT) As...

b Mapping

Append EtherCAT Cmd
Append Dynamic Container
Online Reset
Change Id...
Change To

! Co

# Cut

Figure 11-10

Please assign “Command” and “Type”.
| demonstrate “FPRD” and “UINT” in this example.

Shift+Alt+ A

Ctrl+C

Ctrl+X

Insert EtherCAT Command

M ame: Crnd 1 [EtherCAT Crnd)

e

MC.PLCTOMC_CHANNELSTRUCT _1

Telotgitos

- USINTARR2
v I0.DPYZ_TIMESTAMPSTATUS

MC.MCTOPLC_#I5_REF_CAMCOUFLINGSTATE
25000 E_ax5000_P_0275_ActiveF eedbackéndiemnany

coooDoooo

Command: [ Fix &ddress Physical Read (FPRD) Cancel
Comment;
[
(|
Il Type: BYTE
USINT
SINT
BOOL

I ) Mame ]

| —

Figure 11-11
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Double-click “Cmd 1” and setup “SubDevice Address” and “Address Offset”.
| setup SubDevice address = Oxba and address offset = 0x12 in this example.

General Sub Command

Description Data Exchange

Fix Address Physical Read (FPRD) ~ Divider 1 :
Length: Modula: 0 =
Index: Change...
Default Values

Slave Address: [ 186 | [o®a IRQ: 0 ]
Address Offset: | 18 | | Be12 Counter: D
Logic Address: | 186 | | (BA

Figure 11-12

Clicked “Activate Configuration”.

= B & *a & TwinCAT Projectd <Local>

AxGpichio_y
* 0 X TwinCAT Projectd Visualization

General Adapter EtherCAT Online  CoE - Online

T Mo Addr Name State CRC
project) 1
N 1 1001 Box 1(AX58100_GPIO_8Bit_AIO... | op 0

Figure 11-13

If you expect that the SubDevice can also use this Switch ID value as second SubDevice address. You just
turn on “Seconds address” bit (bit8 = 1) in ESC register 0x0102.

Memory
Start Offwt: 0100 Offs Dee I o Char -
Length: 0400 0100 ESC Ctrl 54513 el
Working Counter: 1 0102 ESC ChlEx 263 0107
Huwdo Relosd | Relosd L o 0000
Compoct View | fuw ]| |92 ¢ 0000
Tse Fied Addr 0108 Phys. RW Offset o 0000
010a o 0000
EtherCAT Slawe Contioller Type
. 010 vl 000
& Urspecified
Eﬁ: ]w 0l0e o 0000
TP eore 0110 ESC Status 22039 5617 M
ET1100
0112 o 0000 .
ET1200
0114 v] OO0 . =
FDI Type
Tnspecifisd  © 16 4T & &) Bits | Mame Velue | Enum -
Digital (4) 8 uiC (B a) 0-2 | Fifo size 7 B
® 571 5 16 pC (10,5} 3 Low E-Bus jitter o Deactive
Brids= (T BuC (1.4
B8 Second address o Deactive -
Figure 11-14
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Click “Device N (EtherCAT) -> Cmd 1 -> DATA”, you will see the command get the value of ESC register
0x0012 back successfully. It is correct, the “0x00ba” in UINT data type.

v @ X TwinCAT Projectd & X Visualization

AT :
@ o-a K= Varisble Flags = Online
Search Solution Explorer (Ctrl+;) pel
Value: ][ 126 @x000a) |
9 (1 project)
Mew Value: B Release e
Comment:
186

(EtherCAT)

Image

Image-Info

Outputs
InfoData
== Cmd 1 (EtherCAT Cmd)
4 B Inputs
P 3 HEAD
@ DATA
= CNT

Figure 11-15
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12. Shortest EtherCAT Cycle Evaluation

We tried to decrease the TwinCAT cycle to evaluate shortest cycle of AX58101 GPIO / AlO.

Shortest workable cycle of AX58101 GPIO / AlO is “250us” now.
This reference design allocates TX-PDO (3 bytes) and RX-PDO (3 bytes) totally.
Please refer to below figures.

General Adapter EtherCAT Online CoE - Online

Metld: |192-158.D.1D1.3.1 Advanced Settings...

Export Configuration File...

Sync Unit Assignment...
Topology...
Fra.. Cmd  Addr Len WC Sync Unit Cycle (ms) Utilization (%)  Size / Duration (ps)  Map Id

0 LRD 000000000 1 2250

] LRWW 0x(01000000 3 3 =default> 0.250 I

— —
o BRD 00000 0x0130 2 1 0.250 268 58/6.72 o
2.69
Figure 12-1

Under this condition, the “Lost Frames” and “Tx/Rx Errors” does not count.

General Adapter EtherCAT Online CoE - Online
Mo Addr Mame State CRC
i 1 1001 Box 1 (AX58101_GPIO_BBit_AIO_16Bit) OF ]
Actual State: op | Caunter Cyclic Queued
Tt Pre-Op Safe-Op Op Send Frames 752166 + 14869
Flgmes feac ADDD + 77
Clear CRC Clear Frames Last Frames 0 + 0
Tx/Rux Errars o /0
Figure 12-2
L=
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The SubDevice stack also does not indicate any errors in SM output parameter / SM input parameter objects
of CoE-Online table.

General EtherCAT DC Process Data Startup ©CoE - Online Online

Update List [JAuto Update [ Single Update [[] Show Offline Data
Advanced... |A|| Objects |
Index MName Flags Walue Unit
- 1C32:0 SM output parameter RO =32 «
103201 Synchronization Type RW 0x0001 (1)
1C32:02 Cycle Time RO 00000000 (0)
1C32:04 Synchronization Types supported RO Ox401F (16415)
1C32:05 Minimum Cycle Time RO 000030020 (2500000
1C32:.06 Calc and Copy Time RO 0x00000000 (0)
1C32:08 Get Cycle Time RWW 00000 (0)
1C32:09 Delay Time RO (o 00000000 (0)
1C32:0A Syncl Cycle Time RW 00000000 (0)
1C32:0B Sh-Event Missed RO o000 (D)
1C32:0C Cycle Time Tao Small RO 0000 (D)
1C32:0D Shift Time Too Short Counter RO CheDO00 ()
1C32:20 Sync Error RO FALSE
+1C33:0 SM input parameter RO =32 <
Figure 12-3
L=
48

Copyright (C) 2025 Reserved by ASIX Electronics Corporation



| ASIX AX58101 GpioAio User Guide

Evaluation Board License Agreement

By using this evaluation board or kit (together with all associated software, hardware and documentation
provided by ASIX, collectively, the "Evaluation Board"), you ("You") agree to be bound by the terms and
conditions of this Evaluation Board License Agreement ("Agreement "). Do not use the evaluation board until
you have read and agreed to this agreement. Your use of the Evaluation Board constitutes your acceptance of
this Agreement.

License:

ASIX Electronics (“ASIX”) grants you the right to use the accompanying evaluation board, which provides limited
functionality, for the sole purpose of evaluating and testing ASIX products for your evaluation and testing
purposes in a research and development environment. Under no circumstances should the evaluation board
be assembled, directly or indirectly, as part of any of your products, as it has been developed for evaluation
purposes only and has no direct functionality and is not a finished product.

Notice:

(1) The description of hardware circuit, software tools and other related information in this document are only
used to illustrate the operation of application examples for ASIX Electronic products. You are solely
responsible for the use of such circuits, software and information in the design of your equipment. ASIX
Electronics is not responsible for any losses arising out of the use of the circuit, software or information by
you or a third party.

(2) ASIX Electronics has taken reasonable care in describing the information in this document, but ASIX
Electronics does not warrant that such information is error-free. ASIX Electronics disclaims all liability for
any damages you may suffer as a result of errors or omissions in the information contained herein.

(3) ASIX Electronics shall not be liable for infringement of patents, copyrights or other intellectual property
rights of third parties due to the use of ASIX Electronics products or the technical information described in
this document. No license, express or implied, or otherwise, is granted under any patent, copyright or other
intellectual property rights of ASIX Electronics or others.

(4) You may not alter, modify, copy or otherwise misappropriate any ASIX electronic product, whether in whole
or in part. ASIX Electronics shall not be liable for any loss incurred by you or a third party as a result of
altering, modifying, copying or otherwise misappropriating ASIX Electronics products.

(5) You should use the ASIX Electronic products described in this document within the range specified by ASIX
Electronic, especially the maximum rating, operating power supply voltage range, mobile power supply
voltage range, heat radiation characteristics, installation and other product characteristics. ASIX Electronics
accepts no liability for malfunctions or damages resulting from use of ASIX Electronics products outside of
such designations.

(6) When using ASIX electronic products, please comply with all applicable laws and regulations that regulate
the inclusion or use of controlled substances, including but not limited to the EU RoHS Directive. ASIX
Electronics disclaims all liability for damage or loss resulting from your failure to comply with applicable
laws and regulations.

(7) The buyer or distributor of ASIX electronic products is responsible for distributing, disposing of or otherwise
placing the product to a third party, and notifying the third party of the contents and conditions specified in
this document in advance, ASIX Electronics shall not be liable for any loss suffered as a result of authorized
use of ASIX Electronics products.

(8) This document may not be reproduced or reproduced in any form, in whole or in part, without the prior
written consent of ASIX Electronics.
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DISCLAIMER

No part of this document may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, for any purpose, without the express written permission of
ASIX. ASIX may make changes to the product specifications and descriptions in this document at any time,
without notice.

ASIX provides this document “as is” without warranty of any kind, either expressed or implied, including without
limitation warranties of merchantability, fitness for a particular purpose, and non-infringement.

Designers must not rely on the absence or characteristics of any features or registers marked “reserved”,
“undefined” or “NC”. ASIX reserves these for future definition and shall have no responsibility whatsoever for
conflicts or incompatibilities arising from future changes to them. Always contact ASIX to get the latest document
before starting a design of ASIX products.

TRADEMARKS

ASIX, the ASIX logo are registered trademarks of ASIX Electronics Corporation. All other trademarks are the
property of their respective owners.

EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.
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