

    
      
          
            
  
phyCORE-AM65x

Technical documentation and resources for the phyCORE-AM65x System on Module.

When beginning to consider the phyCORE-AM65x SOM as a part of your system design, it can be a little difficult to know where to start. Here is a suggested work flow:


	Work through the Quickstart first to boot the development kit and then head over to Interface Guides to help you exercise the hardware. Depending on your system requirements, this might be all you need to begin scripting and developing the basic functionality of your system directly on the target.


	The Booting Essentials guides will help to boot from other boot sources.


	Once you have identified any limitations with the default phyCORE-AM65x development kit and BSP, the next step is to modify the hardware and software to meet your project requirements. Head over to the BSP Development page to begin working on your production image. Once built, you are free to modify it in order to support your custom design (phyCORE-AM65x SOM + custom carrier board).




This Linux BSP is built using The Yocto Project [https://www.yoctoproject.org/]. Yocto is a powerful toolset that allows OEMs to create production ready software images for custom hardware. The BSP is configured by default to support the phyCORE-AM65x development kit and using tools provided by the OpenEmbedded [https://www.openembedded.org/wiki/Main_Page] build system, support for custom hardware built around the phyCORE-AM65x SOM can be easily integrated in a modular fashion into PHYTEC’s base BSP.



	Release Notes
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	BSP Development

	Pre-Built Binaries








            

          

      

      

    

  

    
      
          
            
  
Release Notes

This document highlights the key features and support included in the BSP-Yocto-TISDK-AM65x-ALPHA4 software release for the phyCORE-AM65x SOM and development kit.


Board Support Package Status





	BSP Operating system

	Linux



	Release Status

	RELEASED



	Release Date

	2020-12-09



	Repository

	PHYTEC Public Repos [https://stash.phytec.com/projects/PUB]



	Binaries

	BSP-Yocto-TISDK-AM65xx-ALPHA4 [http://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/]







Warning

This is an ALPHA BSP and is intended for evaluation purposes only. PHYTEC will not support development on ALPHA BSPs once a non-ALPHA release is made available.



This BSP provides a basis for development, deployment, and execution of Linux based applications on the phyCORE-AM65x System on Module (SOM). For detailed information on the various software components included in the release and how to use them, please refer to the Build the BSP.


Software Versioning


Software Versioning






	Linux Kernel

	5.4.74 (Based on TI SDK 07.01)

	PHYTEC Source Repo Kernel [https://stash.phytec.com/projects/PUB/repos/linux-phytec-ti/browse?at=BSP-Yocto-TISDK-AM65xx-ALPHA4]



	U-Boot Bootloader

	2020.01 (Based on TI SDK 07.01)

	PHYTEC Source Repo U-Boot [https://stash.phytec.com/projects/PUB/repos/uboot-phytec/browse?at=BSP-Yocto-TISDK-AM65xx-ALPHA4]



	Yocto

	3.1 (Dunfell) (Based on TI SDK 07.01)

	PHYTEC Source Repo [https://stash.phytec.com/projects/PUB/repos/meta-phytec/browse?at=BSP-Yocto-TISDK-AM65xx-ALPHA4]



	Host OS

	Tested on 64-bit Ubuntu 18.04 LTS

	Ubuntu 18.04 Release [http://releases.ubuntu.com/18.04/]








Yocto Machine Configuration Table

This BSP releases supports the phyCORE-AM65x Development Kit and also allows configuration options for different SOMs to be used with the kit carrier board (PCM-941). By default, only the standard kit configuration will be in the table. If you have a different SOM, use the filters below to search by the SOM part number. The U-Boot defconfig and kernel device tree file names are important when creating custom U-Boot and Linux kernel images outside of Yocto development, or modifying Yocto source for further use.



Yocto Machine Config


Yocto MACHINE Summary





	Yocto Machine Name

	am65xx-phycore-kit



	Kit Part Number

	KPCM-067-ALPHA-L



	SOM Part Number

	PCM-067-482E421I0



	Modules

	LCD-018-070-KAP



	U-Boot defconfig

	am65xx_phycore_kit_a53_defconfig

am65xx_phycore_kit_r5_defconfig




	Kernel Device Tree File

	k3-am65xx-phycore-kit.dtb








Linux Device Tree Summary

This is a summary of how the device tree files and the various includes are broken down, using the phyCORE-AM65x development kit as an example:


none

	Hardware Target

	Device Tree File Descriptions

	File Name





	phyCORE-AM65x Development Kit

(SD enabled, WiFi disabled)


	Default Build Target

	k3-am65xx-phycore-kit.dts



	
	SOM (superset) - enables all SOM features

	k3-am65xx-phycore-som.dtsi



	
	Carrier Board

	k3-am65xx-pcm-941.dtsi



	
	PHYTEC LCD-018-KAP-070 support (overlay)

	k3-am65xx-phytec-lcd-018.dtso






Additional, optional functionality can be enabled with the following kernel device tree overlays: k3-am65xx-phytec-expansion-sample.dtbo, k3-am65xx-phytec-wlan.dtbo



Compatible Hardware


Supported Hardware Versions

	Hardware Description

	Part Number

	Configuration Details

(Processor / DDR4 / eMMC / WiFi / Ethernet / Temp)


	PCB Version





	phyCORE-AM65x SOM

	PCM-067-482E421I0

	AM6548 / 2GB DDR4 with 1GB ECC / 4GB eMMC / Sterling LWB 2.4 GHz / Gigabit Ethernet / Industrial

	1498.2



	phyCORE-AM65x Carrier Board

	PCM-941.A3

	
	1499.3







Supported Expansion Boards & Accessories

	Module Name

	Part Number

	PCB Version

	Description





	7” Display with Capacitive Touch

	LCD-018-070-KAP

	1365.1

	EDT ETM0700G0DH6 TTL 7” display with capacitive touch



	Expansion Bus Prototyping Board

	PCM-957

	1351.0

	Expansion Bus Breakout and Prototype Board








BSP Download & Guide


	Pre-built images of BSP-Yocto-TISDK-AM65xx-ALPHA4 can be downloaded from the link below: BSP-Yocto-TISDK-AM65xx-ALPHA4 Release [http://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/]


	BSP Development Guide: Build the BSP






BSP Features

The following table lists the interfaces available from the phyCORE-AM65x SOM.


	Support - the interface has software support available in BSP


	Tested  - the interface has been configured and tested by PHYTEC


	Status in Device Tree - the corresponding device tree nodes are enabled in the device tree





Supported Interfaces










	SOC Interface

	Support (Linux)

	Support (U-Boot)

	Detail

	Tested

	Status in Device Tree

	Notes





	UART

	Yes

	Yes

	main_uart0

	Yes

	Okay

	used by Sterling-LWB module

expansion connector




	
	Yes

	Yes

	main_uart1

	Yes

	Okay

	Connector U23 (USB Micro-AB debug UART)



	
	Yes

	Yes

	main_uart2

	Yes

	Okay

	Connector U23 (USB Micro-AB debug UART)



	
	Yes

	Yes

	mcu_uart0

	Yes

	Okay

	Header X14 (general purpose UART)



	
	Yes

	Yes

	wkup_uart0

	Yes

	Disabled (1)

	used by mikroBUS

expansion connector




	UART (PRU-ICSS)

	No

	No

	prg0_uart0

	No

	Disabled (3)

	


	
	
	
	prg1_uart0

	No

	Disabled (3)

	


	
	
	
	prg2_uart0

	No

	Disabled (3)

	


	I2C

	Yes

	Yes

	main_i2c0

	Yes

	Okay

	used by EEPROM (default jumper option)

used by mikroBUS

used by RTC

expansion connector




	
	
	
	main_i2c1

	Yes

	Okay

	used by Trusted Platform Module

used by CSI0 (Camera)




	
	
	
	main_i2c2

	No

	Disabled (2)

	


	
	
	
	main_i2c3

	No

	Disabled (2)

	


	
	
	
	mcu_i2c0

	No

	Disabled (1)

	used by EEPROM (alt. jumper option)

expansion connector




	
	
	
	wkup_i2c0

	Yes

	Okay

	used by VCC_MPU Processor Core Supply

used by LCD-018 touchscreen controller

expansion connector




	Ethernet

	Yes

	Yes

	mcu_rgmii1

	Yes

	Okay

	DP83867IRRGZ PHY on SOM (ETH0)



	Industrial Ethernet (PRU-ICSS)

	No

	No

	prg0_iep0

	No

	Disabled (3)

	


	
	
	
	prg0_iep1

	No

	Disabled (3)

	


	
	
	
	prg1_iep0

	No

	Disabled (3)

	


	
	
	
	prg1_iep1

	No

	Disabled (3)

	


	
	
	
	prg2_iep1

	No

	Disabled (3)

	


	MCAN

	Yes

	No

	mcu_mcan0

	Yes

	Okay

	Header X15 (CAN0)



	
	
	
	mcu_mcan1

	No

	Disabled (3)

	expansion connector



	USB

	Yes

	Yes

	usb0

	Yes

	Okay

	USB A connector on Carrier Board (USB0)



	
	
	
	usb1

	Yes

	Okay

	USB Micro-AB connector on Carrier Board (USB1)



	MMC/SDIO

	Yes

	Yes

	main_mmc0

	Yes

	Okay

	used by eMMC Flash



	
	
	
	main_mmc1

	Yes

	Okay

	used by Sterling-LWB module on SOM

used by SD card reader on Carrier Board




	MCSPI

	Yes

	No

	main_spi1

	Yes

	Okay

	used by LVDS Display

used by mikroBUS

expansion connector use for spidev enabled with k3-am65xx-phytec-expansion-sample.dtbo overlay




	
	
	
	main_spi2

	No

	Disabled (3)

	


	
	
	
	main_spi3

	No

	Disabled (3)

	


	
	
	
	mcu_spi1

	No

	Disabled (3)

	


	OSPI

	Yes

	No

	mcu_ospi0

	Yes

	Okay

	used by NOR Flash on Carrier Board



	
	
	
	mcu_ospi1

	No

	Disabled (2)

	


	MCASP

	Yes

	No

	mcasp0

	No

	Disabled (1)

	expansion connector



	
	
	
	mcasp1

	No

	Disabled (2)

	


	
	
	
	mcasp2

	No

	Disabled (2)

	


	ADC

	Yes

	No

	adc0

	Yes

	Disabled (1)

	expansion connector

enabled with k3-am65xx-phytec-expansion-sample.dtbo overlay




	PCIe

	Yes

	No

	pcie0

	No

	Disabled (2)

	


	
	
	
	pcie1

	No

	Okay

	PCIe x1 slot X20 on Carrier Board



	OLDI

	Yes

	No

	LVDS Display

	Yes

	Okay

	Display connector X24 on Carrier Board



	eCAP

	Yes

	No

	ecap0

	Yes

	Disabled (1)

	expansion connecter use enabled with k3-am65xx-phytec-expansion-sample.dtbo overlay



	eCAP (PRU-ICSS)

	No

	No

	prg0_ecap0

	No

	Disabled (3)

	


	
	
	
	prg1_ecap0

	No

	Disabled (3)

	


	
	
	
	prg2_ecap0

	No

	Disabled (3)

	


	eQEP

	No

	No

	eqep0

	No

	Disabled (2)

	


	
	
	
	eqep1

	No

	Disabled (2)

	


	PWM

	Yes

	No

	ehrpwm0

	No

	Disabled (3)

	


	
	
	
	ehrpwm1

	No

	Disabled (3)

	


	
	
	
	ehrpwm2

	No

	Disabled (3)

	


	
	
	
	ehrpwm3

	Yes

	Okay

	used by LCD Display Backlight by default



	PWM (PRU-ICSS)

	No

	No

	prg0_pwm0

	No

	Disabled (3)

	


	
	
	
	prg0_pwm1

	No

	Disabled (3)

	


	
	
	
	prg0_pwm2

	No

	Disabled (3)

	


	
	
	
	prg0_pwm3

	No

	Disabled (3)

	


	
	
	
	prg1_pwm0

	No

	Disabled (3)

	


	
	
	
	prg1_pwm1

	No

	Disabled (3)

	


	
	
	
	prg1_pwm2

	No

	Disabled (3)

	


	
	
	
	prg1_pwm3

	No

	Disabled (3)

	


	
	
	
	prg2_pwm0

	No

	Disabled (3)

	


	
	
	
	prg2_pwm1

	No

	Disabled (3)

	


	
	
	
	prg2_pwm2

	No

	Disabled (3)

	


	
	
	
	prg2_pwm3

	No

	Disabled (3)

	


	MIPI DPI

	No

	No

	MIPI DPI-2 Display

	No

	Disabled (1)

	expansion connector



	MIPI CSI

	No

	No

	MIPI CSI-2 Camera

	No

	Disabled 1

	Camera connector X22 on Carrier Board



	GPMC

	No

	No

	gpmc0

	No

	Disabled (2)

	


	JTAG

	
	
	JTAG0

	Yes

	
	ARM 20-pin JTAG



	
	
	
	JTAG1

	Yes

	
	Compact TI 20-pin JTAG






The following table lists the peripherals connected to the above interfaces on the phyCORE-AM65x SOM and carrier board.


	Support - the interface has software support available in BSP


	Tested  - the interface has been configured and tested by PHYTEC


	Status in Device Tree - the corresponding device tree nodes are enabled in the device tree





Supported Interfaces

	Peripheral

	Detail

	Support (Linux)

	Support (U-Boot)

	Tested

	Status in Device Tree

	Notes





	RTC

	Micro Crystal RV-3028-C7

	Yes

	No

	Yes

	Okay

	


	EEPROM

	STMicroelectronics M24C32-DFMC6TG

	Yes

	Yes

	Yes

	Okay

	


	Bluetooth

	Laird Sterling-LWB 450-0152

	Yes

	No

	Yes

	Okay

	


	WiFi

	Laird Sterling-LWB 450-0152

	Yes

	No

	Yes

	Disabled (1)

	enabled with k3-am65xx-phytec-wlan.dtbo overlay



	DDR4

	Micron MT40A512M16JY-083E

	N/A

	Yes

	Yes

	Okay

	configured in U-Boot for use in U-Boot and Linux



	NOR Flash

	Micron MT35XU512ABA1G12-0SIT

	Yes

	Yes

	Yes

	Okay

	


	Security Module

	NXP A7102CHTK2/T0BC2AJ

	No

	No

	No

	Disabled (3)

	





[1] Interface or Peripheral requires additional software configuration to enable.

[2] Interface is accessible by SOM connectors but signals may conflict with other interfaces and requires hardware evaluation and/or additional software configurations to enable.

[3] Software support is not currently available.



New in this Release


	General


	Add support for PHYTEC phyCORE-AM65x SOM (PCM-067) PCB revision 1498.2 (AM65x Silicon Revision 2.0)






	Linux


	General:


	Migrate to v5.4.74 base from TI SDK v07.01










	USB:


	Enable USB3.0 support on USB0






	U-Boot


	Migrate to v2020.01 base from TI SDK v07.01






	Yocto


	Migrate to v3.1 (Dunfell) base from TI SDK v07.01


	Update Laird Sterling-LWB driver and firmware to v8.2.0.16










Technical Support

For further support please visit PHYTEC’s Support Portal [http://support.phytec.com/]





            

          

      

      

    

  

    
      
          
            
  
Quickstart

If you have just purchased your phyCORE-AM65x development kit and want to know how to get started, this guide will help you.This guide is specifically written to boot PHYTEC’s Embedded Linux Board Support Package (BSP) on the hardware. The Linux BSP utilizes Yocto and OpenEmbedded as well as TI’s Linux Processor SDK. Follow the guide below to learn how to set up your host machine, connect to the device, and get started with your development.

[image: ../_images/pcm-067-interface-callout.webp]

Basic Evaluation Requirements

This Quickstart guide walks through booting the phyCORE-AM65x development kit into Linux and how to establish a console session with it using a Windows Host Machine. Host system requirements are minimal for basic serial communication, and for the purposes of this Quickstart, any modern computer could be used. PHYTEC recommends using a native Windows environment to establish serial communication with the development kit and leaving the bulk of development tasks for a dedicated Ubuntu 18.04 build server or Virtual Machine.


Tip

Host system requirements for the more process-intense development tasks are detailed in the BSP Development guide, but you won’t need those Host system requirements to follow this Quickstart or to follow the Interface Guides.





Requirements

All PHYTEC development kits ship with the necessary cables to get started. For this kit you should have received:


	12V 2A Power Supply


	SD Card with phyCORE-AM65x-ALPHA4 Linux bootable image


	Standard CAT5e or CAT6 Ethernet Cable


	USB A-Male to Micro-B Micro USB Cable


	2x5 header to DB-sub 9




You will also need a host/development machine to communicate with the hardware. The requirements for your machine depend on your use case, a couple recommendations are provided below.



For Basic Evaluation

If you simply want to turn the kit on, communicate over a serial shell, and run basic commands on the device, your host system can vary. In this environment it’s understood that you are not compiling code on your host machine to run on the target, therefore requirements are minimal.


Host Machines

	
	Windows

	Linux

	macOS





	Tested Operating System Version

	Windows 10

	Ubuntu 16.04

	Mojave



	Machine RAM

	>4GB

	>4GB

	>4GB



	Machine CPU

	>2 cores

	>2 cores

	>2 cores



	Free Disk Space

	>5GB

	>5GB

	>5GB








For BSP or Application Development

If you are designing a custom carrier board and need to make boot-loader and kernel level changes, the host machine must meet the criteria below. In this environment you will be able to build the software BSP and develop custom Yocto meta layers.


Host Machine for Custom Development

	
	Linux





	Tested Operating System Version

	Ubuntu 16.04 64-bit



	Machine RAM

	>4GB



	Machine CPU

	>4 cores



	Free Disk Space

	>100GB







Note

Virtual machine platforms such as Virtual BOX, VMWare, and Docker can be used to host your development environment. Certain SD-card readers, USB serial adapters, and other peripherals have proven to be unstable when working with Virtual Machines. Please keep this in mind or contact PHYTEC Support [https://jira.phytec.com/servicedesk/customer/portal/3] for a recommendation.





Prepare the Hardware

Before turning on the hardware, ensure the phyCORE-AM65x SOM is properly mounted to the Carrier Board.


	Press firmly down on the SOM with equal pressure on both sides

[image: ../_images/pcm-067-qs-pressing-som.webp]


	Insert the SD card (phyCORE-AM65x Linux BSP) included with your kit.

[image: ../_images/pcm-067-qs-insert-sd.webp]





Note

Your development kit comes with this SD card. If your kit does not have an SD card or your existing card has been corrupted you can follow the instructions for how to make a new SD card here: Create a bootable SD Card .




	Development kits are by default set to boot from SD Card. Locate the boot switches on the Carrier Board and verify the switches are set as follows:

[image: ../_images/pcm-067-qs-boot-switch-callout.webp]




[image: ../_images/pcm-067-bootswitch-S3-SD.webp]
[image: ../_images/pcm-067-bootswitch-S4-SD.webp]
[image: ../_images/pcm-067-bootswitch-S5-SD.webp]


Connect the Peripherals

You only need to make a few connections to get up and running with your development kit. First you will make all the connections between the development kit and your computer, then in following steps, we will guide you on how to set up your serial terminal and establish a console session with the phyCORE-AM65x SOM.


phyCORE-AM65x Quickstart Peripherals

	Cable

	Development Kit

	Connect To





	Ethernet Cable

	Connect to X29 ETH0

	An Ethernet switch that is connected to the same network as your host/development machine. Ensure your network has DHCP enabled. See the diagram to the right.



	USB

	Connect to X19

	Your host/development machine’s USB A port



	Power Adapter

	Connect to X16

	Wall power outlet






[image: ../_images/pcm-067-ethernet-dhcp-diagram.webp]


Set Up a Serial Terminal

If you don’t already have a terminal application set up on your host machine, we have provided a few different methods below depending on your host operating system.

Windows 10

Determine the COM port associated with the development kit:


	Open Device Manager


	Expand Ports (COM & LPT)


	You should see two “USB Serial Port” devices that correspond to UART1 and UART2 on the development kit.

[image: ../_images/pcm-067-qs-device-manager.webp]


	The lowest number COM, of the two associated with your development kit, is the correct choice when setting up your terminal session in the steps below. Remember this port number.


	If you are having trouble determining which COM port to use:


	Unplug/re-plug the USB cable from your computer and see what disappears/reappears in Device Manager.


	Check Other Devices








Configure your Terminal Session:


	Download or open the terminal emulator of your preference. There are many options such as PuTTY [https://www.putty.org/] and TeraTerm [https://ttssh2.osdn.jp/index.html.en].


	Configuration of your terminal will vary slightly depending on the terminal emulator software you are using.


	Specify that you will connect using “Serial” to the COM port (found in previous step)


	Other parameters include: 115200 Baud, 8 bit data, no parity bits, 1 stop bit and no flow control.





Note

You might not see anything in your serial terminal once it opens. That is OK, if the board was powered on for more than a minute while setting up the terminal session, then it has already booted. Simply press ‘enter’ in the terminal to get a new line OR press the “Cold Reset” button (S1). Otherwise, make sure your hardware is plugged in and powered on and the correct COM port has been selected.





MacOS MoJave


Connect the phyCORE-AM65x Development Kit (MasOS/Linux)
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Interface Guides

These interface guides provide steps for evaluating the peripheral interfaces supported by the phyCORE-AM65x development kit directly in Linux user space. If an interface isn’t mentioned here but you expect the AM65x Soc to support it, it may be that the interface is supported by the SOM but not on the development kit.



	Audio (USB)

	Bluetooth

	CAN

	EEPROM

	eMMC

	Ethernet

	Expansion Connector

	Fan

	GPIO

	I2C

	JTAG

	mikroBUS Socket

	MIPI Camera

	OLDI Display

	OSPI NOR Flash

	PCIe

	Power and Reset Buttons

	Power LEDs

	PWM

	Remote Control Header

	RTC

	SD Card

	Security IC

	SPI

	Thermal Zone

	UART

	USB

	WiFi
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Audio (USB)

Audio over USB is supported on the phyCORE-AM65x development kit. This guide shows you how to connect and use a USB headset for audio and microphone support. For this guide, a Logitech H570e headset [https://www.logitech.com/en-us/product/h570e-headset] was used.


Connect the Device


	Plug the headset into the USB0 (X18) connector

[image: ../_images/pcm-67-audio-usb-callout.webp]


	After the device is connected, you should see Linux console messages similar to the below:


Expected Output

root@am65xx-phycore-kit:~# [ 2112.471895] usb 1-1: new full-speed USB device number 2 using xhci-hcd
[ 2112.845265] usb 1-1: New USB device found, idVendor=046d, idProduct=0a56
[ 2112.851993] usb 1-1: New USB device strings: Mfr=1, Product=2, SerialNumber=3
[ 2112.859159] usb 1-1: Product: Logitech H570e Stereo
[ 2112.864075] usb 1-1: Manufacturer: Logitech Inc
[ 2112.868630] usb 1-1: SerialNumber: 00000000
[ 2113.087212] input: Logitech Inc Logitech H570e Stereo as /devices/platform/soc0/4000000.dwc3/4010000.usb/xhci-hcd.0.auto/usb1/1-1/1-1:1.3/0003:046D:0A56.0001/input/input1
[ 2113.160301] hid-generic 0003:046D:0A56.0001: input: USB HID v1.11 Device [Logitech Inc Logitech H570e Stereo] on usb-xhci-hcd.0.auto-1/input3
[ 2113.173231] usbcore: registered new interface driver usbhid
[ 2113.180432] usbhid: USB HID core driver
[ 2113.236174] usb 1-1: Warning! Unlikely big volume range (=4125), cval->res is probably wrong.
[ 2113.244735] usb 1-1: [11] FU [Sidetone Playback Volume] ch = 1, val = 0/4125/1
[ 2113.255929] usbcore: registered new interface driver snd-usb-audio









	You can also make sure the device is connected by using the lsusb command:


Target (Linux)

lsusb









	You will see the logitech headset in the output:


Expected Output

root@am65xx-phycore-kit:~# lsusb
Bus 002 Device 001: ID 1d6b:0003 Linux Foundation 3.0 root hub
Bus 001 Device 003: ID 046d:0a56 Logitech, Inc.
Bus 001 Device 001: ID 1d6b:0002 Linux Foundation 2.0 root hub













Playing Audio


	You can play audio from the command line using aplay. The below example shows you how to pull a wav file from the internet and start playing it.


	In order to use this command an internet connection must first be established. Plug in the Ethernet cable, included with your kit, into ETH0 (X29) and connect it to an Ethernet Switch. Refer to Ethernet for more information.


Target (Linux)

wget http://www.music.helsinki.fi/tmt/opetus/uusmedia/esim/a2002011001-e02.wav
aplay a2002011001-e02.wav













Capturing Sound


	You can use arecord to record audio using the microphone on the headset.






Target (Linux)

arecord -d 10 -f cd -t wav test.wav











	To play the recorded audio, use the following command:


Target (Linux)

aplay test.wav













Adjusting Playback and Capture Settings


	The alsamixer program can be used to change volume settings or mute the device.


Target (Linux)

alsamixer









	A GUI interface will pop up. This can be navigated using arrow keys.

[image: ../_images/pcm-067-audio-usb-alsamixer.webp]





Tip

Click on the link for more information about alsamixer: https://linux.die.net/man/1/alsamixer
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Bluetooth

The phyCORE-AM65x SOM features a Sterling-LWB WiFi/Bluetooth [https://www.lairdconnect.com/wireless-modules/wi-fi-bt-modules/sterling-lwb] module populated directly on-board, which can be ordered as either the 2.4 GHz or the 5 GHz variant. This guide shows you how to use this interface.


Tip

For information regarding the hardware configuration for this interface, see the phyCORE-AM65x Hardware Documents [https://www.phytec.com/product/phycore-am65x/#section-hardware-documentation].




Software Setup


	Run the brcm_patchram_plus utility. This patches the firmware to the radio.


Target (Linux)

brcm_patchram_plus -d --patchram /lib/firmware/brcm/bcm4343w/4343w.hcd --enable_hci --no2bytes --tosleep 1000 /dev/ttyS2 &








Expected Output

option patchram with arg /lib/firmware/brcm/bcm4343w/4343w.hcd
option enable_hci
option no2bytes
option tosleep with arg 1000
1000/dev/ttyS2
writing
01 03 0c 00
received 7
04 0e 04 01 03 0c 00
writing
01 2e fc 00
received 7
04 0e 04 01 2e fc 00
writing
01 4c fc 46 10 18 21 00 42 52 43 4d 63 66 67 53
00 00 00 00 32 00 00 00 01 01 04 18 92 00 00 00
03 06 ac 1f 12 a1 43 43 00 01 1c 52 18 21 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 fe 00 00
received 7
04 0e 04 01 4c fc 00
writing

...

writing
01 4c fc 30 96 a1 21 00 00 18 08 0d 00 10 01 0f
80 64 c8 01 00 b3 f0 dd bf 00 00 22 08 0d 00 10
01 0f 81 50 b4 01 00 b5 f0 ee b9 00 00 30 08 0d
00 fe 00 00
received 7
04 0e 04 01 4c fc 00
writing
01 4e fc 04 ff ff ff ff
received 7
04 0e 04 01 4e fc 00
writing
01 03 0c 00
writing
01 03 0c 00
received 7
04 0e 04 01 03 0c 00
[  118.117411] Bluetooth: Core ver 2.22
[  118.121228] NET: Registered protocol family 31
[  118.125876] Bluetooth: HCI device and connection manager initialized
[  118.132287] Bluetooth: HCI socket layer initialized
[  118.137198] Bluetooth: L2CAP socket layer initialized
[  118.142310] Bluetooth: SCO socket layer initialized
[  118.158794] Bluetooth: HCI UART driver ver 2.3
[  118.163392] Bluetooth: HCI UART protocol H4 registered
Done setting line discpline









	Check that the device was properly configured with the hciconfig command.


Target (Linux)

hciconfig








Expected Output

root@am65xx-phycore-kit:~# hciconfig
hci0:   Type: Primary  Bus: UART
        BD Address: 00:25:CA:2F:EB:28  ACL MTU: 1021:8  SCO MTU: 64:1
        DOWN
        RX bytes:668 acl:0 sco:0 events:34 errors:0
        TX bytes:423 acl:0 sco:0 commands:34 errors:0













Connecting Device


	Bring the Bluetooth interface up.


Target (Linux)

hciconfig hci0 up









	Configure another Bluetooth device to scan for available Bluetooth devices, then run “hcitool scan” on the phyCORE-AM65x Development Kit to scan for your device.


Target (Linux)

hcitool scan











Example output when pairing with a Pixel 2 cell phone, where “40:4E:36:XX:XX:XX” is the MAC ID for the phone with the second half redacted:



Expected Output

root@am65xx-phycore-kit:~# hcitool scan
Scanning ...
        40:4E:36:XX:XX:XX       Pixel 2











	Use the l2ping command to ping the device using the MAC ID that was printed from the previous command.


Target (Linux)

l2ping -i hci0 -c 10 XX:XX:XX:XX:XX:XX








Expected Output

root@am65xx-phycore-kit:~# l2ping -i hci0 -c 10 40:4E:36:XX:XX:XX
Ping: 40:4E:36:A8:E2:21 from 00:25:CA:2F:EB:28 (data size 44) ...
44 bytes from 40:4E:36:XX:XX:XX id 0 time 18.75ms
44 bytes from 40:4E:36:XX:XX:XX id 1 time 18.61ms
44 bytes from 40:4E:36:XX:XX:XX id 2 time 44.90ms
44 bytes from 40:4E:36:XX:XX:XX id 3 time 44.86ms
44 bytes from 40:4E:36:XX:XX:XX id 4 time 48.57ms
44 bytes from 40:4E:36:XX:XX:XX id 5 time 44.86ms
44 bytes from 40:4E:36:XX:XX:XX id 6 time 44.83ms
44 bytes from 40:4E:36:XX:XX:XX id 7 time 44.88ms
44 bytes from 40:4E:36:XX:XX:XX id 8 time 44.88ms
44 bytes from 40:4E:36:XX:XX:XX id 9 time 18.62ms
10 sent, 10 received, 0% loss












Note

Performing the above demonstration may not work as expected with Apple’s iPhone products. Apple sets stricter permissions on their Bluetooth interfaces and requires more backend configuration.
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CAN

The CAN module on-board the phyCORE-AM65x SOM supports both the classical CAN and Full CAN FD (CAN with Flexible Data-Rate) protocols. The development kit breaks out the MCAN0 (X_MCU_MCAN0) interface to the X15 header for general use. Depending on the muxing options, a second CAN interface (CAN 2.0B and CAN FD) can be made available through the expansion port X3.


Requirements

This guide will walk through the basic usage of the CAN interface by transferring data to and from a host PC. In order to follow this guide you will need a CAN-USB adapter cable, the necessary driver for this adapter, and software for your host machine to display the received messages. This guide was tested and written using the following product and software:


	PCAN-USB Adapter [https://phytools.com/products/pcan-usb-adapter]


	CAN Cable [https://phytools.com/products/pcan-cable-2-w-120-ohm-termination-1]


	PCAN-View (Windows 10 Software) [https://www.peak-system.com/PCAN-View.242.0.html?&L=1]





Note

See the end of this guide for further information regarding advanced CAN configurations.





Setup the CAN Interface


	Connect the D-sub 9 ribbon cable to the X15 connector (red line on the cable indicates Pin 1).

[image: ../_images/pcm-067-can-can0-connection.webp]




Pin 1 location on phyCORE-AM65x development kit


[image: ../_images/pcm-067-can-can0-pin-1.webp]




	Connect the PCAN-USB adapter between the host PC (USB port) and the CAN0 interface (X15) on the development kit.

[image: ../_images/pcm-067-can-system-connection.webp]






Set up the Host PC with PCAN-View


	Open PCAN-View on your host PC and select the device from the available hardware. Set the Bit rate field to 1 MBit/s and click OK.


[image: Connecting to the Adapter in PCAN-View]








Note

If you cannot find your device in the listed hardware, ensure that you have the correct driver installed on your host PC. You can obtain the driver online from the Downloads section here [https://www.peak-system.com/PCAN-View.242.0.html?&L=1] or directly here [https://www.peak-system.com/PCAN-USB.199.0.html?&L=1].




	In the phyCORE-AM65x Linux console, use the following commands to set up the CAN interface and configure the bit rate. For this example 1 MBit/s is used.


Target (Linux)

ip link set can0 down
ip link set can0 up type can bitrate 1000000
ip link set can0 up













Send CAN messages

In this example you will test data transfer from the phyCORE-AM65x kit to the host PC.


	Make sure PCAN View is open on your host PC


	Enter the following on the phyCORE-AM65x console to send data on the CAN bus.


Target (Linux)

cansend can0 000#DE.AD.BE.EF.CA.FE.BA.BE









	In PCAN-View verify that the data is correct in the “Receive” window.






Receive CAN Messages

In this example you will test data traveling in the opposite direction - from the host PC to the phyCORE-AM65x kit.


	Enter the following command on the phyCORE-AM65x console to put the CAN interface into listening mode:



Target (Linux)

candump can0












	On your host PC in PCAN-View, create a new transmit message.


	Enter DEADBEEFCAFEBABE as the data (hex)

[image: Create a New Message in PCAN-View]


	Select the message. You can press the space-bar a few times to send the message more than once.


	On the phyCORE-AM65x console you should see that the message has been received.






Expected Output

root@am65xx-phycore-kit:~# candump can0
can0  000   [8]  DE AD BE ED CA FE BA BE











	To exit listening mode on the phyCORE-AM65x enter Ctrl + C to stop candump.






Advanced CAN References


CAN Jumper Configurations

	Reference Designator

	Jumper Settings

	Description





	JP1

	Open

	Remove 120Ω termination between X_CAN0H and X_CAN0L



	JP1

	Closed (Default)

	Add 120Ω termination between X_CAN0H and X_CAN0L






[image: X15 Pin Breakdown]
[image: 9 Pin (Male) D-Sub Adapter]

Note

The adapter cable included with the phyCORE-AM65x development kit does not have the same numbering scheme as the pins at the header X15.
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EEPROM

The phyCORE-AM65x SOM has an on board 4kB EEPROM. The device is connected to the I2C0 interface at address 0x50. This guide provides instructions for how to interact with the EEPROM from Linux.


Verify the EEPROM is detected


	Use the following command to print the name of the EEPROM. The expected result is 24c32 which corresponds to the device driver name in Linux.


Target (Linux)

cat /sys/class/i2c-dev/i2c-2/device/2-0050/name













Write to the EEPROM


	Create data that you want to store on the EEPROM. In this example a hello.img file was created with the text “Hello World”


Target (Linux)

echo "Hello World" > hello.img









	Write the file (hello.img) to the EEPROM


Target (Linux)

dd if=hello.img of=/sys/class/i2c-dev/i2c-2/device/2-0050/eeprom bs=1 count=4096













Read from the EEPROM


	Dump the contents of the entire 4kB EEPROM


Target (Linux)

dd if=/sys/class/i2c-dev/i2c-2/device/2-0050/eeprom bs=1 count=4096 | hexdump -C









	If hello.img was written to the EEPROM in the previous step you should see the following output:


Expected Output

00000000  48 65 6c 6c 6f 20 57 6f  72 6c 64 0a 00 00 00 00  |Hello World.....|
00000010  00 00 00 00 00 00 00 00  00 00 00 00 00 00 00 00  |................|
*
00001000
4096+0 records in
4096+0 records out













Erase the EEPROM


	Write all zeros to the entire density of the EEPROM to erase the contents


Target (Linux)

dd if=/dev/zero of=/sys/bus/i2c/devices/2-0050/eeprom bs=4096 count=1
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eMMC

The phyCORE-AM65x SOM comes with a 4GB eMMC by default and can be optionally populated with a larger eMMC storage device up to 32 GB in size. This guide provides steps to mount, read from, and write to the phyCORE-AM65x on board eMMC.


Note

In order to follow this guide your phyCORE-AM65x development kit must be booting from SD card.




Viewing available eMMC partition information


Warning

Be careful with the fdisk command. You can accidentally delete the contents of other memory devices connected to the system.




	The eMMC corresponds to /dev/mmcblk0 in Linux. You can verify the eMMC partitions by using the following command:


Target (Linux)

fdisk -l /dev/mmcblk0









	An example of a list of partitions on an eMMC device is shown below:


Expected Output

root@am65xx-phycore-rdk:~# fdisk -l /dev/mmcblk0
Disk /dev/mmcblk0: 3.6 GiB, 3850371072 bytes, 7520256 sectors
Units: sectors of 1 * 512 = 512 bytes
Sector size (logical/physical): 512 bytes / 512 bytes
I/O size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: gpt
Disk identifier: F7B887C4-C9D8-4C35-9E70-566EE5F80C56

Device         Start     End Sectors  Size Type
/dev/mmcblk0p1    34 7520222 7520189  3.6G Microsoft basic data













Mounting the eMMC


	In order to read and write to the eMMC, you will need to create a directory; then mount the desired partition to that directory. Follow the steps below to mount partition 1 of the eMMC:


Target (Linux)

mkdir temp
mount /dev/mmcblk0p1 temp/









	Use the following command to see the contents of the mounted memory device.


Target (Linux)

ls temp







An example of what the contents would look like is provided below:


Expected Output

root@am65xx-phycore-rdk:~# ls temp
bin         dev         home        lib         media       opt         run         srv         tmp         var
boot        etc         include     lost+found  mnt         proc        sbin        sys         usr         www













Writing to the eMMC


	You can write to the eMMC by using the copy or move commands, just like in Linux.


Target (Linux)

echo "Hello World" > test.txt
cp test.txt temp









	Use the following command again to see the contents of the eMMC:


Target (Linux)

ls temp







An example of what the contents now look like following the copy is provided below:


Expected Output

root@am65xx-phycore-rdk:~# ls temp
bin         dev         home        lib         media       opt         run         srv         test.txt    usr         www
boot        etc         include     lost+found  mnt         proc        sbin        sys         tmp         var












~
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Ethernet

Three gigabit Ethernet links are provided via ETH0 (RJ45 at X29), ETH1 (RJ45 at X30), and ETH2 (RJ45 at X31) on the phyCORE-AM65x development kit. This guide shows you how to connect and use these interfaces manually.

[image: ../_images/pcm-067-eth-callouts.webp]

Requirements


	CAT5e Ethernet cable (included with your development kit)


	Ethernet switch connected to a network with DHCP enabled






Hardware Setup


Note

If a valid connection between the AM6 and your network is made before boot-up then the AM6 will automatically secure a connection and assign you an ip address.




	If a valid connection between the AM65x and your network is made before boot-up then the AM65x will automatically secure a connection and assign you an ip address.


Note

Make sure the network you have connected to has DHCP enabled.







[image: Network Connection Block Diagram]


Connecting to Network


	On the phyCORE-AM65x Linux console, enter the following command to bring up the Ethernet interface. (Replace ETH0 with ETH1 or ETH2 if you are connecting to one of the other Ethernet interfaces)


Target (Linux)

ifconfig eth0 up && udhcpc -i eth0









	Wait until the link is ready and an IP address has been assigned.






Verifying Connection


	Test your connection by entering the following and verify that you are able to send and receive packets over your network connection:


Target (Linux)

ping google.com








Expected Output

root@am65xx-phycore-kit:~# ping google.com
PING www.google.com (172.217.3.164): 56 data bytes
64 bytes from 172.217.3.164: seq=0 ttl=53 time=12.979 ms
64 bytes from 172.217.3.164: seq=1 ttl=53 time=17.327 ms
64 bytes from 172.217.3.164: seq=2 ttl=53 time=13.238 ms
64 bytes from 172.217.3.164: seq=3 ttl=53 time=14.636 ms









	To stop the pinging test, enter Ctrl + C on the command prompt.
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Expansion Connector

The Expansion Connector X3 allows access to many additional interfaces and is compatible with the PHYTEC Expansion Board (PCM-957). This expansion option was provided as a way to prototype custom solutions and test extended functionality with the phyCORE-AM65x Carrier Board. Standard interfaces such as UART, I2C, additional RGMII, and various GPIO are made available here.

[image: ../_images/pcm-067-expansion-connector.webp]
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Fan

The phyCORE-AM65x Carrier Board provides fan connectivity via a 2-pin Hirose connector at X28. The fan is intended to be mounted directly to the processor heat sink for thermal management, both of which are included in the phyCORE-AM65x development kit. The 5V power supplied to the X28 connector is regulated from the VDD_12V0 power rail through an LP3878-ADJ regulator at U40. The regulated 5V output is enabled by driving X_GPIO1_49 high. When X_GPIO1_49 is pulled low, the 5V supplied to the fan connector will be turned off. The default behavior of the phyCORE-AM65x is to keep the fan running at all times.

[image: phyCORE-AM65x Fan Location]

Requirements

The phyCORE-AM65x development kit does include a heat sink and fan. The below is the fan tested on the PHYTEC hardware:



	Item

	Description

	Link





	Heat Sink

	(25mmx25mmx6.35mm) with thermal tape

	Digikey link (heat sink) [https://www.digikey.com/en/products/detail/wakefield-vette/625-25ABT4E/2681152]



	Fan

	DC axial fan, 25mm square x 10mm

	Digikey link (fan) [https://www.digikey.com/en/products/detail/sunon-fans/MF25100V1-1000U-A99/7805269?utm_adgroup=DC%20Fans&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Fans%2C%20Thermal%20Management&utm_term=&utm_content=DC%20Fans&gclid=EAIaIQobChMImLWWtYf__QIV5MmUCR2XpAffEAQYASABEgIysvD_BwE]



	Female Connector

	2 pin keyed header

	Digikey link (female connector) [https://www.digikey.com/en/products/detail/hirose-electric-co-ltd/DF13-2S-1-25C/241748]



	Crimping Terminals

	2x crimping jackets

	Digikey link [https://www.digikey.com/en/products/detail/hirose-electric-co-ltd/DF13-2630SCF/566967]
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GPIO

The phyCORE-AM65x SOM brings out a selection of GPIOs to the connectors. On the development kit you can access many of these signals through the PHYTEC Expansion Board (PCM-957). This guide walks through the basic steps of toggling and reading the state of these IO interfaces.


Connect to the GPIOs

GPIO1_50 and GPIO0_73 have been selected for this example, and are accessible at the expansion connector. The table below gives a brief description of the two selected signals:


Connecting GPIOs

	GPIO

	Expansion Board Pin #

	Description





	X_GPIO1_50

	21C

	Expansion_button (in device tree)

Digital input, internal pull down resistor




	X_GPIO0_73

	25C

	Expansion_led (in device tree, needs updating)

Digital output, 1.8V when set HIGH









Set up Hardware Configuration

You can wire up a test circuit on the expansion board such as the following:

[image: Expansion Board (PCM-957)]
[image: Circuit Drawing]


Set up Software Configuration

In order to be accessible in Linux, the GPIOs need to be configured in the Linux device tree. PHYTEC has provided a sample device tree overlay, in the boot directory of the root file system, which configures expansion connector interfaces used in this Peripheral Guide. To enable this device tree overlay:


	The device tree overlay is set in U-Boot.


	To enter U-Boot, hit any key within 3 seconds of powering on the hardware to halt autoboot.


	Clear the “default_overlays” variable and modify the “extra_overlays” variable to point to the sample dtbo: “k3-am65xx-phytec-expansion-sample.dtbo”. The “default_overlays” variable needs to be cleared because it is set to k3-am65xx-phytec-lcd-018.dtbo which conflicts with the sample. (the code will need to be updated to use GPIO_73)


Target (U-Boot)

setenv default_overlays
setenv extra_overlays k3-am65xx-phytec-expansion-sample.dtbo
saveenv









	To exit U-Boot and continue booting into Linux, type boot


Target (U-Boot)

boot












Warning

The Expansion Sample overlay k3-am65xx-phytec-expansion-sample.dtbo conflicts with the LCD-018 overlay due to the PWM being used for backlight in the LCD-018. Make sure to disconnect the display when using this overlay before powering on the development kit.




Access GPIOs in Linux




Button


	Use the following command to poll the state of the button.


Target (Linux)

cat /sys/kernel/debug/gpio | grep 'expansion_button'









	Try running the above command a few times while alternating between holding down and letting go of the button.






LED


	Set the pin high and turn on the LED:


Target (Linux)

echo 1 > /sys/class/leds/expansion_led/brightness









	Set the pin low and turn off the LED


Target (Linux)

echo 0 > /sys/class/leds/expansion_led/brightness













Advanced steps to impress your mom!


	To create a script that automatically blinks the LED, open a text editor:


Target (Linux)

vi ~/blink.sh









	Edit the contents of the new file to reflect the code below and save the file:
.. tip:: The vi text editor begins in “Command Mode” and you must first hit the ‘i’ key in order to enter “Insert Mode”. Using the arrow keys to navigate, make the necessary changes and then hit ESC to go back to “Command mode”. Now enter “:wq” to write the file and quit.

Pro Tip: Once in “Insert Mode”, copy and paste the file contents to save you some effort!






Target (Linux)

  #!/bin/sh

  for i in `seq 1 10`; do
      echo 1 > /sys/class/leds/expansion_led/brightness
      sleep 1
      echo 0 > /sys/class/leds/expansion_led/brightness
      sleep 1
  done








	Make your file executable:


Target (Linux)

chmod +x ~/blink.sh









	Now run the script:


Target (Linux)

~/blink.sh













Revert to the Default Software Configuration

This guide requires disabling the LCD-018 and enabling a sample expansion overlay. In order to revert back to the default overlay settings, the following needs to be run in U-Boot:


	To enter U-Boot, hit any key within 3 seconds of powering on the hardware to halt autoboot.


Target (U-Boot)

env default -f -a
saveenv
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I2C

The phyCORE-AM65x SOM supports up to six I2C interfaces. This guide provides information on how to view, access, and interact with the I2C interfaces on the Linux development kit.


I2C devices

The six I2C interfaces will show up in Linux as the corresponding devices:



	Hardware Interface

	sysfs Path





	I2C0_WKUP

	/dev/i2c-0



	I2C0_MCU

	/dev/i2c-1



	I2C0

	/dev/i2c-2



	I2C1

	/dev/i2c-3



	I2C2

	/dev/i2c-4



	I2C3

	/dev/i2c-3







	To see what I2C devices are enabled, run the following command:


Target (Linux)

ls /dev/i2c*









	You should see one device /dev/i2c-2 which corresponds to the I2C0 interface on the phyCORE-AM65x:


Expected Output

root@am65xx-phycore-kit:~# ls /dev/i2c*
/dev/i2c-2













I2C0 Devices

The I2C0 (/dev/i2c-2) interface is heavily utilized on the phyCORE-AM65x development kit. Devices on board the SOM such as EEPROM and RTC are connected on this bus. In addition, on the development kit Carrier Board, this bus is used for the touch screen controller.


	Use i2cdetect from Linux to scan the bus for devices:


Target (Linux)

i2cdetect -y -r 2









	This command outputs the address of all devices on the bus. You should see something similar to the below:


Expected Output

root@am65xx-phycore-kit:~# i2cdetect -y -r 2
     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f
00:          -- -- -- -- -- -- -- -- -- -- -- -- --
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
40: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
50: UU -- 52 -- -- -- -- -- 58 -- -- -- -- -- -- --
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
70: -- -- -- -- -- -- -- --








Note

UU indicates that the device connected is tied to a driver. You will be unable to talk to this device via i2c command (i2cset and i2cget).



These detected interfaces match with the devices connected to I2C0 on the development kit.






Devices Connected to I2C1

	Interface

	Address

	Description





	EEPROM

	0x51 (0x58)

	4kB EEPROM on the SOM (EEPROM Guide)



	RTC

	0x52

	External RTC on the SOM (RTC Guide)








Get Fancy!

For this simple demo we will be using the Heart Rate Click by MIKROE [https://www.mikroe.com/heart-rate-click#:~:text=Heart%20Rate%20click%20is%20a,provide%20clean%20and%20accurate%20readings.].

[image: ../_images/pcm-067-gpio-mikroe.webp]
The Heart Rate Click is capable of monitoring heart rates and measuring pulse oximetry! However, in this demo we will not be making full use of this sensor and will instead explore basic functionality of its integrated temperature reading capabilities (this is provided for calibrating SpO2 readings). By communicating with the sensor directly over I2C (using a bash script) we can demonstrate how to set registers within the MAX30100 sensor to configure it to perform an action (like measuring the temperature). Once the sensor has completed it’s task we can again access the registers within the sensor to retrieve the result.


	Connect the Heart Rate Click to the mikroBUS Socket X8 on the Carrier Board. It is important to connect the click board in the exact same orientation as in the photo below.

[image: ../_images/pcm-067-gpio-mikroe-connected.webp]


	Enter the following command in the Linux console to open a text editor (this will create a new document in the root directory named Temp.sh) :


Target (Linux)

vi ~/Temp.sh









	Enter the following and save the file (mikrobus on different I2C, code block needs updating):


Tip

The vi text editor begins in “Command Mode” and you must first hit the ‘i’ key in order to enter “Insert Mode”. Using the arrow keys to navigate, make the necessary changes and then hit ESC to go back to “Command mode”. Now enter “:wq” to write the file and quit.



Pro Tip: Use the right click on your mouse to paste! This will only work if you are in “Insert Mode” first.






Temp.sh

  #!/bin/bash

  #echo Input HR bus:
  #read -r bus
  #echo Input HR address:
  #read -r addy

  bus=0x02
  addy=0x57

  MX=0.0625

  echo "Reading Temp..."

  i2cset -y "$bus" "$addy" 0x06 0x03      #HR/SPO2 mode
  i2cset -y "$bus" "$addy" 0x09 0x22      #LED bias 7.6mA
  i2cset -y "$bus" "$addy" 0x06 0x0b      #Start a temp reading

  sleep 1                                 #Give the MAX30100 some time to record the reading
                                          #the sensor does have interupt capabilites that could
                                          #tell us when the reading is complete but this is far simpler

  T_int=$(i2cget -y "$bus" "$addy" 0x16)  #Read the integer register
  T_fra=$(i2cget -y "$bus" "$addy" 0x17)  #Read the fractional register
  T_int=$((T_int))                        #Convert from Hex to base-10
  T_fra=$((T_fra))
  temp="$(echo "$T_fra*$MX" | bc)"        #Multiply the fractional reading by the constant (refer to MAX30100 DataS

  echo $(echo $temp + $T_int | bc)        #Add and echo the final result in C








	Change the permissions such that you can execute the script:


Target (Linux)

chmod a+x ~/Temp.sh









	Place a finger or thumb in the center of Heart Image on the Click Board.


	Enter the following command while holding your finger on the sensor:


Target (Linux)

./Temp.sh












Note

The human body should be around 37C at its core. It will be normal for the sensor to read somewhat below this when measuring temperature on a finger or thumb.

Due to the mikroBUS’ close proximity to the SOM, it is also normal for this to read above room temperature when taking a reading without a finger on the sensor.
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JTAG

There are two JTAG interfaces on the phyCORE-AM65x development kit (JTAG0 at X21 and JTAG1 at X2). A Spectrum Digital XDS200 USB JTAG Emulator and Code Composer Studio by TI will be needed in order to follow this guide. This guide which will show you how to connect and use these interfaces.

[image: phyCORE-AM65x Development Kit JTAG header locations]

Requirements


	Spectrum Digital XDS200 USB JTAG Emulator [https://www.mouser.com/new/texas-instruments/ti-tmdsemu200-u-debug-probe/?gclid=CjwKCAjwivemBhBhEiwAJxNWN2vfD3ZLY8rwYO-4odrG3jD0GtEA3A8tjUvahCfDG7dBhWleBtAaJhoCmnMQAvD_BwE]


	Code Composer Studio [https://www.ti.com/tool/download/CCSTUDIO]






Connecting the JTAG Device to the Kit

The phyCORE-AM65x kit has two JTAG connector styles.


	X2 is the smaller notched 20 pin header, X21 is the larger 20 pin connector.

[image: ../_images/pcm-067-jtag-Pin1.webp]


	Connect your JTAG Probe to the connector such that the red line on the ribbon cable aligns with pin 1 on the header.

[image: ../_images/pcm-067-jtag-cable.webp]






Connecting the JTAG Device to the Host Machine


	You may need to connect the JTAG device to your machine if it is not automatically detected.

[image: ../_images/pcm-067-jtag-vm-removable-device-settings.webp]






Creating a New phyCORE-AM65x project in Code Composer Studio


	In order to test the JTAG connection, a new project needs to be created in CCS for the phyCORE-AM65x.


	Click on File → New → CCS Project

[image: ../_images/pcm-067-jtag-ccs-project.webp]


	The “New CCS Project” window will appear and you can change the following settings to match what is below.


	Target: AM65x - Cortex A53 → AM6548


	Connection: Texas Instruments XDS2xx USB Debug Probe


	Project name: hello_world


	Compiler version: GNU v7.2.1 (Linaro)


	Tool-chain → Linker command file: AM65x.lds






	Click Finish when everything is configured properly

[image: ../_images/pcm-067-jtag-css-project-settings.webp]






Creating a New Target Configuration


	Now that the project is created, edit the target configuration which will allow you to test the JTAG connection.


	View → Target Configurations

[image: ../_images/pcm-067-jtag-css-target-config.webp]


	In the Target Configurations windows, you will be able to open up the project configuration file:

[image: ../_images/pcm-067-jtag-css-project-setup.webp]


	In the target configuration file, select the following options:


	Connection → Texas Instruments XDS2xx USB Debug Probe


	Board or Device → AM6548


	Click the “Save” button when you have the correct configuration options selected




[image: ../_images/pcm-067-jtag-css-target-setup.webp]


	In the same window you will now be able to click on Test Connection

[image: ../_images/pcm-067-jtag-css-project-test-conn.webp]


	When the device is properly connected, you will see output similar to the example below:

[image: Successful Connection Expected Output]
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mikroBUS Socket

A single mikroBUS socket is provided on the phyCORE-AM65x Carrier Board at connector X8. This interface provides easy access to many standard interfaces including SPI, I2C, and UART.

[image: ../_images/pcm-067-mikroBUS.webp]
[image: mikroBUS Socket X8 Location]

Tip

Check out the mikroBUS compatible Click Boards available HERE [https://www.mikroe.com/click] for rapid development!



For a functional demonstration using a Click Board and I2C, head over to the I2C Peripheral Guide!
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MIPI Camera


Note

Software support for the MIPI Camera interface will arrive in a future BSP release.




Warning

Due to the enable signal going high before power does, the step down converter (U45) malfunctions. To fix this on the current version of the boards, depopulate U45 and connect VDD_3V3 to the VDD_MIPI rail. This does have the effect that the camera connector can only function with 3.3V cameras. It can be switched to 5V by changing which rail is shorting from, but the system can’t automatically detect the correct voltage and switching between rails and voltage levels requires a rework. Another more robust solution is to power U45 from VCC_12VIN rather than VDD_12V, that way the voltage rail is high before the enable pin.



The phyCORE-AM65x Carrier Board provides a MIPI Camera Serial Interface (CSI) at the X22 phyCAM camera connector. The MIPI CSI is a five-lane interface with four data lanes for a maximum bit rate of 6Gbps. The X22 connector also provides an I2C interface, GPIO for interfacing with MIPI devices, and selective voltage options for working with phyCAM cameras operating at either 5V or 3.3V.

[image: ../_images/pcm-067-mipi-cam.webp]
[image: ../_images/pcm-067-mipi-cam-pin1.webp]
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OLDI Display


Warning

There is a known issue with the device tree in the BSP-Yocto-TISDK-AM65xx-ALPHA1 release where the LCD-018 display is not properly enabled. Please see the Known Issues page for more information and a workaround.



The phyCORE-AM65x Carrier Board provides support for an OLDI LVDS display through the connector X24, which is comprised of an LVDS signal connector (white) and a power connector (red). These connectors support various PHYTEC LCDs, such as the LCD-018-070-KAP.

The development kit also provides a touch controller (STMPE811) at U39 and interfaces the resistive touch panel typically integrated into an LCD. Communication to and from this touch controller is accomplished with I2C and its device address which is configurable via the J8 jumper.

This guide explains how to connect an OLDI LVDS display to the phyCORE-AM65x development kit and access it in Linux.

[image: ../_images/pcm-067-display-connected-on.webp]

Note

See the end of this guide for further information regarding advanced touch controller configurations.




Requirements


	Display LCD-018-070-KAP [https://www.phytec.com/contact/]






Setting up the Display


Display Switches

Please Read


	There is a switch labeled “S1” on the back of LCD-018 where the backlight can be set to either: “always on”, “always off”, “PWM”, or “potentiometer” (there is a potentiometer on the display labeled R30). In order to control the backlight via the phyCORE-AM65x as described in this guide, this switch needs to be set to PWM which corresponds to | off | off | on | off |

[image: Display Switch S1]


	There is a switch labeled “S2” on the back of the LCD-018 that specifies the I2C address of the EEPROM on board the display. To ensure the address of the display EEPROM doesn’t conflict with any other devices on the same bus (RTC and EEPROM on the SOM) this switch needs to be set to | on | on | off | on |


[image: Display Switch S2]





	With the board powered off, connect the display to the connector on the phyCORE-AM65x Carrier Board as shown in the picture.




[image: ../_images/pcm-067-display-connected.webp]

	Power on the phyCORE-AM65x and boot into Linux. (You may need to calibrate the LCD). An application will start.




[image: ../_images/pcm-067-display-connected-on.webp]



Controlling Display Backlight

The backlight brightness of the display is controlled by a PWM and can be configured via Linux sysfs.


	Read current brightness: (Expected output is a numeric value between 0-7)


Target (Linux)

cat /sys/class/backlight/display_backlight/brightness









	Set “brightness” to values 0-7, with 7 being the brightest. For example:


Target (Linux)

echo 7 > /sys/class/backlight/display_backlight/brightness









	Set bl_power to turn backlight off/on. Valid values are 0-4:





OLDI Backlight Power Levels

	Level

	Name

	Power





	0

	= FB_BLANK_UNBLANK

	Backlight fully enabled



	1

	= FB_BLANK_NORMAL

	


	2

	= FB_BLANK_VSYNC_SUSPEND

	


	3

	= FB_BLANK_HSYNC_SUSPEND

	


	4

	= FB_BLANK_POWERDOWN

	Backlight powered down







	Use the following command to check the state of the backlight:


Target (Linux)

cat /sys/class/backlight/display_backlight/bl_power







The backlight is on by default:


Expected Output

root@am65xx-phycore-kit:~# cat /sys/class/backlight/display_backlight/bl_power
0









	Power off the display:


Target (Linux)

echo 4 > /sys/class/backlight/display_backlight/bl_power









	Power the display back on:


Target (Linux)

echo 0 > /sys/class/backlight/display_backlight/bl_power












Tip

Not seeing the display brightness change? Ensure you have the switch “S1” correctly set on the back of the LCD. See the above “Setting up the Display” section regarding the display switch settings.





Display Touchscreen

The LCD-018 has an on board capacitive touch screen controller that is controlled by the phyCORE-AM65x via I2C. You can use the touchscreen to interact with the application running on the display. This section provides some additional information on the touchscreen implementation in Linux.


	By default, input0 corresponds with the touchscreen controller in the phyCORE-AM65x Linux BSP. However, if additional input devices have been added, this could be different. Confirm that the name of input0 matches the touchscreen controller’s with the following command:


Target (Linux)

cat /sys/class/input/event0/device/name








Expected Output

root@am65xx-phycore-kit:~# cat /sys/class/input/event0/device/name
EP0700M09












We can see here that the name of the input0 interface is named “EP0700M09”.





	Use the input-events command to print out additional information when the touch screen is pressed:


Target (Linux)

input-events 0








Expected Output

/dev/input/event0
   bustype : BUS_I2C
   vendor  : 0x0
   product : 0x0
   version : 0
   name    : "EP0700M09"
   bits ev : EV_SYN EV_KEY EV_ABS

waiting for events
18:02:52.959948: EV_ABS ??? 0
18:02:52.959948: EV_ABS ??? 297
18:02:52.959948: EV_ABS ??? 855
18:02:52.959948: EV_KEY BTN_TOUCH pressed
18:02:52.959948: EV_ABS ABS_X 297
18:02:52.959948: EV_ABS ABS_Y 855
18:02:52.959948: EV_SYN code=0 value=0
18:02:52.965230: EV_ABS ??? 294
18:02:52.965230: EV_ABS ??? 852
18:02:52.965230: EV_ABS ABS_X 294
18:02:52.965230: EV_ABS ABS_Y 852
18:02:52.965230: EV_SYN code=0 value=0
18:02:52.979243: EV_ABS ??? 292
18:02:52.979243: EV_ABS ABS_X 292
18:02:52.979243: EV_SYN code=0 value=0
18:02:52.993009: EV_ABS ??? 851
18:02:52.993009: EV_ABS ABS_Y 851
18:02:52.993009: EV_SYN code=0 value=0
18:02:53.006912: EV_ABS ??? 291
18:02:53.006912: EV_ABS ??? 852
18:02:53.006912: EV_ABS ABS_X 291
18:02:53.006912: EV_ABS ABS_Y 852
18:02:53.006912: EV_SYN code=0 value=0
18:02:53.020058: EV_ABS ??? 289
18:02:53.020058: EV_ABS ??? 856
18:02:53.020058: EV_ABS ABS_X 289
18:02:53.020058: EV_ABS ABS_Y 856
18:02:53.020058: EV_SYN code=0 value=0
18:02:53.025591: EV_ABS ??? -1
18:02:53.025591: EV_KEY BTN_TOUCH released









	Use CTRL + C to cancel the print command






Advanced Touch Controller Configurations


Touch Controller Solder Jumper Configurations

	J8

	1+2 (Default)

	Sets the U39 LVDS Touch Controller I2C address to 0x82



	
	2+3

	Sets the U39 LVDS Touch Controller I2C address to 0x88
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OSPI NOR Flash

A 64 MB OSPI NOR Flash is populated on the phyCORE-AM65x development kit and is available for use as volatile or non-volatile memory. The NOR Flash is accessible through the OSPI interface and can also be used as an alternative boot source.

This guide will show you how to read from and write to the OSPI NOR.


Partition Information


	To view the software-defined partitions for the OSPI NOR Flash, enter the following commands:


Target (Linux)

mtdinfo
cat /proc/mtd









	You can expect an output similar to the one below. In this example the OSPI NOR Flash has 7 partitions.


Expected Output

root@am65xx-phycore-kit:~# mtdinfo
Count of MTD devices:           7
Present MTD devices:            mtd0, mtd1, mtd2, mtd3, mtd4, mtd5, mtd6
Sysfs interface supported:      yes

root@am65xx-phycore-rdk:~# cat /proc/mtd
dev:    size   erasesize  name
mtd0: 00080000 00020000 "ospi.tiboot3"
mtd1: 00200000 00020000 "ospi.tispl"
mtd2: 00400000 00020000 "ospi.u-boot"
mtd3: 00020000 00020000 "ospi.env"
mtd4: 00020000 00020000 "ospi.env.backup"
mtd5: 00100000 00020000 "ospi.sysfw"
mtd6: 03800000 00020000 "ospi.rootfs"









	If you would like to take a closer look at each partition you can run the following command:


Target (Linux)

mtdinfo /dev/mtd0









	Below is the expected output. In this case you can see that the first partition of the OSPI NOR is named ospi.tiboot3 and is 512 kBytes.


Expected Output

root@am65xx-phycore-kit:~# mtdinfo /dev/mtd0
mtd0
Name:                           ospi.tiboot3
Type:                           nor
Eraseblock size:                131072 bytes, 128.0 KiB
Amount of eraseblocks:          4 (524288 bytes, 512.0 KiB)
Minimum input/output unit size: 1 byte
Sub-page size:                  1 byte
Character device major/minor:   90:0
Bad blocks are allowed:         false
Device is writable:             true













Write to OSPI


	Using this example you can create a random file equal in size to the /dev/mtd0 partition (512 kBytes) and transfer it to the OSPI NOR using the flashcp command. Run the following from the command line:


Target (Linux)

dd if=/dev/urandom of=test.dat bs=1k count=512
flashcp -v test.dat /dev/mtd0









	Below is the expected output:


Expected Output

root@am65xx-phycore-kit:~# dd if=/dev/urandom of=test.dat bs=1k count=512
512+0 records in
512+0 records out

root@am65xx-phycore-kit:~# flashcp -v test.dat /dev/mtd0
Erasing blocks: 4/4 (100%)
Writing data: 512k/512k (100%)
Verifying data: 512k/512k (100%)













Read from OSPI


	Going the opposite direction of the previous example, to read the OSPI NOR flash, you can dump the contents of /dev/mtd0 to a new file:


Target (Linux)

dd if=/dev/mtd0 of=read.dat bs=1k count=512









	The file read (read.dat) should be identical to the file written in the previous example (test.dat). Use md5sum to compare and verify the data transfer was successful:


Target (Linux)

md5sum test.dat && md5sum read.dat









	Below is the expected output:


Expected Output

root@am65xx-phycore-kit:~# dd if=/dev/mtd0 of=read.dat bs=1k count=512
512+0 records in
512+0 records out

root@am65xx-phycore-kit:~# md5sum test.dat && md5sum read.dat
066206f95d3d324048c55b6840998e0c  test.dat
066206f95d3d324048c55b6840998e0c  read.dat
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PCIe


Note

Software support for PCIe connectivity will be made available in a future BSP release.



PCIe connectivity is accessible at the connector X20. The reference clock signals can be configured to sync with the clock generated externally by a PI6C557-03 PCI Express Clock generator at U1, or from the SERDES reference clock from the phyCORE-AM65x SOM. Reference the table below for the jumper settings available.

[image: ../_images/pcm-067-pcie-x20.webp]

Solder Jumper Configurations

	J1-2

	1+2

	Sets the PCIe reference clock to the output of the U1 reference clock generator



	
	2+3 (Default)

	Sets the PCIe reference clock to the reference clock output from the phyCORE-AM65x SOM
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Power and Reset Buttons

The phyCORE-AM65x development kit is equipped with two system reset buttons (Cold Reset S1 and Warm Reset S2). These have been provided to reset the processor and its peripherals.

[image: phyCORE-AM65x Power and Reset Buttons]

Button Functions

	Button

	Type

	Function





	S1

	Cold System Reset

	Fully removes power before rebooting the SOM



	S2

	Warm System Reset

	Reboots the SOM without cycling power
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Power LEDs

There are five green LEDs on the phyCORE-AM65x Carrier Board which indicate the presence of power on the various supply rails available. These LEDs are not user programmable and are present for hardware debugging purposes only.

[image: phyCORE-AM65x Power LEDs]
The table below lists the LEDs and information about their corresponding power rails.


Boot Settings

	Reference Designator

	Description





	D10

	VCC_5V0 Power Rail Indicator


	The Texas Instruments LM25119 dual output switching regulator (U10) powers the VCC_5V0 supply rail from the VCC_12V0 supply rail.


	The VCC_5V0 supply rail is available at the Expansion Connector.







	D11

	VCC_3V3 Power Rail Indicator


	The Texas Instruments LM25119 dual output switching regulator (U10) powers the VCC_3V3 supply rail from the VCC_12V0 supply rail.


	The VCC_3V3 supply rail brings power to the SOM as the VCC_3V3_SOM supply rail.


	The VCC_3V3 supply rail is available at the Expansion Connector.







	D12

	VDD_3V3 Power Rail Indicator


	The Texas Instruments TPS22965 load switch (U7) powers the VDD_3V3 power supply rail from VCC_3V3.


	The VDD_3V3 power supply rail powers most of the accessory circuits on the Carrier Board.


	The VCC_3V3 supply rail is available at the Expansion Connector.







	D13

	VDD_5V0 Power Rail Indicator


	The Texas Instruments TPS22965 load switch (U6) powers the VDD_5V0 supply rail from VCC_5V0.


	The VDD_5V0 supply rail powers various accessory circuits on the Carrier Board.


	The VCC_5V0 supply rail is available at the Expansion Connector.







	D14

	VDD_12V0 Power Rail Indicator


	The Dialog Semiconductor SLG59H1120V load switch (U2) powers the VDD_12V0  supply rail from the VCC_12V0 supply rail (VCC_12V0 is the filtered version of the input voltage from the main power input VIN_12V).


	The VDD_12V0 supply rail is available at the Expansion Connector.











Note

There is an additional 1.8V power supply rail that does not feature an indicator LED.

VDD_1V8 Power Rail



	The Texas Instruments LP5912 DC-DC regulator (U9) powers the VDD_1V8 power supply rail from the VDD_3V3 power supply rail.


	The VDD_1V8 power supply rail powers various accessory circuits on the Carrier Board.


	The VDD_1V8 supply rail is available at the Expansion Connector.
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PWM

The phyCORE-AM65x SOM brings out a selection of GPIOs that can be muxed to output a PWM signal. On the development kit you can access one of these signals through the PHYTEC Expansion board (PCM-957) at pin 35D. This guide walks through the basic steps of exporting this channel, configuring it, and enabling it to control the brightness of an LED.


Connecting an LED

	Signal Name

	Expansion Board Pin #

	Description





	X_ECAP0_IN_APWM_OUT

	35D

	3.3V PWM Channel







Warning

The signal X_ECAP0_IN_APWM_OUT is used for OLDI backlight display by default. Disconnect the display when using this PWM for other purposes.




Set up Hardware Configuration

[image: ../_images/pcm-067-gpio-expansion_pins.webp]
[image: ../_images/pcm-067-pwm-expansion-pin.webp]
[image: ../_images/pcm-067-pwm-circuit.webp]


Set up Software Configuration

In order to be accessible in Linux, the PWM channels need to be configured in the Linux device tree. PHYTEC has provided a sample device tree overlay in the boot directory of the root file system which configures expansion connector interfaces used in this Peripheral Guide. To enable this device tree overlay:


	The device tree overlay is set in U-Boot.


	To enter U-Boot, hit any key within 3 seconds of powering on the hardware to halt autoboot.


	Clear the “default_overlays” variable and modify the “extra_overlays” variable to point to the sample dtbo: “k3-am65xx-phytec-expansion-sample.dtbo”. The “default_overlays” variable needs to be cleared because it is set to k3-am65xx-phytec-lcd-018.dtbo which conflicts with the sample.


Target (U-Boot)

setenv default_overlays
setenv extra_overlays k3-am65xx-phytec-expansion-sample.dtbo
saveenv









	To exit U-Boot and continue booting into Linux, type boot


Target (U-Boot)

boot












Warning

The Expansion Sample overlay k3-am65xx-phytec-expansion-sample.dtbo conflicts with the LCD-018 overlay due to the PWM being used for backlight in the LCD-018. Make sure to disconnect the display when using this overlay before powering on the development kit.





Access PWM in Linux


	To request a PWM channel from the kernel, write a 0 to the export attribute:


Target (Linux)

echo 0 > /sys/class/pwm/pwmchip0/export









	The duty cycle and period are set to 0 by default. You will need to configure these before enabling the PWM channel:


Target (Linux)

echo 1000000 > /sys/class/pwm/pwmchip0/pwm0/period
echo 100000 > /sys/class/pwm/pwmchip0/pwm0/duty_cycle












Note

The duty cycle and period attributes are expressed in nanoseconds (10-9 seconds). For this example we are using a period of 1 ms with a duty cycle of .1 ms which is the same as saying our signal is at 1 kHz with a 10 percent duty cycle.




	Enable the channel:


Target (Linux)

echo 1 > /sys/class/pwm/pwmchip0/pwm0/enable









	You should now see that the LED is very dim. To increase the brightness, you must increase the duty cycle. The following command changes the duty cycle to 50%.


Target (Linux)

echo 500000 > /sys/class/pwm/pwmchip0/pwm0/duty_cycle









	The following command increases the duty cycle to 90%.


Target (Linux)

echo 900000 > /sys/class/pwm/pwmchip0/pwm0/duty_cycle













Disabling the Channel



Target (Linux)

echo 0 > /sys/class/pwm/pwmchip0/pwm0/enable












Un-Exporting the Channel



Target (Linux)

echo 0 > /sys/class/pwm/pwmchip0/unexport












Revert to the Default Software Configuration

This guide requires disabling the LCD-018 and enabling a sample expansion overlay. In order to revert back to the default overlay settings, the following needs to be run in U-Boot:


	To enter U-Boot, hit any key within 3 seconds of powering on the hardware to halt autoboot.


Target (U-Boot)

env default -f -a
saveenv











~
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Remote Control Header

The phyCORE-AM65x Carrier Board features a Remote Control Access Header at X1 (2x5 pin header, 2 mm pitch). The remote control header provides convenient access to the input voltage levels for the phyCORE-AM65x SOM and Carrier Board, SOM current consumption, cold and warm reset inputs for the processor, and a GPIO.

This header was primarily included on the development kit for the automation of validation tests, involving large numbers of boards going through large numbers of boot cycles.

[image: ../_images/pcm-067-remote-control-header-X1.webp]
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RTC


Note

Software support for the RTC will be made available in a future BSP release.



The phyCORE-AM65x SOM comes populated with an external real time clock (RTC) that will keep time even when the board has lost power. The RTC is accessible through the I2C0 interface at address 0x52.
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SD Card

The phyCORE-AM65x SOM brings out a 4-bit wide MMC data bus to the standard SDHC card slot at X13. Power to the card slot is supplied by inserting the appropriate card into the SD/MMC1 connector, which features card detection. This interface shares a bus with the WiFi module on the SOM, but is available on the development kit as an SD card interface for external media or as a bootable interface.


Note

In order to follow this guide, you will have to boot from the on-board eMMC. Follow this guide in order to flash eMMC



[image: phyCORE-AM65x microSD Card Connector]

Requirements


	SDHC SD card, at least 8GB for PHYTEC’s TISDK release image (Included in development kit)


	Linux Host PC or Virtual Machine (Ubuntu recommended) (Only for transferring media from Host)


	SD card reader (operational under Linux) (Only for transferring media from Host)





Note

When an external SD Card is inserted, it will be available as /dev/mmcblk1 in Linux.





Mounting the SD card


	Create a temporary directory and mount an SD card partition using the below commands:


Target (Linux)

mkdir /home/root/temp
mount /dev/mmcblk1p1 /home/root/temp













Write to the SD Card


	You can use basic Linux commands to create and write files to the SD card. Below is an example:


Target (Linux)

echo "Hello World" > test.txt
cp test.txt /home/root/temp/













Read from the SD Card


	To read what was just written to the SD card in the previous example, use the following command:


Target (Linux)

cp /home/root/test.txt read.txt









	To check that the read file (read.txt) is the same as the one that was written (test.txt) you can use md5sum to compare and verify the data transfer was successful:


Target (Linux)

md5sum /home/root/test.txt && md5sum read.txt









	The above command will generate a long and seemingly random string of characters for both files. This long string is called a “hash” and it uniquely identifies the files. If the hash for both files match then you can be confident that both files (down to each bit) are identical.


Expected Output

root@am65xx-phycore-kit:~# md5sum /home/root/test.txt && md5sum read.txt
e59ff97941044f85df5297e1c302d260  /home/root/test.txt
e59ff97941044f85df5297e1c302d260  read.txt













Unmounting the SD Card


	Before unplugging the device from the development kit, make sure to unmount it in software. You can do this by running the following command:


Target (Linux)

umount /home/root/temp
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Security IC

The phyCORE-AM65x Carrier Board is equipped with an NXP A71CH-IT Security IC. The Security IC provides basic security measures and can be accessed through I2C. The read and write I2C addresses for the Security IC can be set through the jumper J11.


Security IC Solder Jumper Configurations

	J11

	1+2 (Default)

	Sets the Security IC I2C Write address to 0x90 and Read address to 0x91



	
	2+3

	Sets the Security IC I2C Write address to 0x92 and Read address to 0x93
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SPI

The TI AM65x processor can support up to six SPI interfaces. In the phyCORE-AM65x SOM design, up to four of these SPI interfaces are made available to the Carrier Board with one enabled by default. This guide provides information on how to view, access, and interact with a SPI interface on the Linux development kit.


Set up Software Configuration

In order to be accessible in Linux, the SPI interfaces need to be configured in the Linux device tree. PHYTEC has provided a sample device tree overlay in the boot directory of the root file system which configures expansion connector interfaces used in this Peripheral Guide. To enable this device tree overlay:


	The device tree overlay is set in U-Boot.


	To enter U-Boot, hit any key within 3 seconds of powering on or resetting the board, to halt autoboot.


	Clear the “default_overlays” variable and modify the “extra_overlays” variable to point to the sample dtbo: “k3-am65xx-phytec-expansion-sample.dtbo”. The “default_overlays” variable needs to be cleared because it is set to k3-am65xx-phytec-lcd-018.dtbo which conflicts with the sample.


Target (U-Boot)

setenv default_overlays
setenv extra_overlays k3-am65xx-phytec-expansion-sample.dtbo
saveenv









	To exit U-Boot and continue booting into Linux, type boot


Target (U-Boot)

boot












Note

The Expansion Sample overlay k3-am65xx-phytec-expansion-sample.dtbo conflicts with the LCD-018 overlay due to the PWM being used for backlight in the LCD-018. Make sure to disconnect the display when using this overlay before powering on the development kit.





SPI devices

The four SPI interfaces that can be made available in Linux are as follows:


SPI Devices

	Interfaces

	Linux Devices





	MCU_SPI1

	/dev/spi1



	SPI1

	/dev/spi3



	SPI2

	/dev/spi4



	SPI3

	/dev/spi5







Note

You may have noticed that /dev/spi0 and /dev/spi2 are missing in the above table. These correspond to two of the six AM65x SPI ports that are not brought out to the Carrier Board in the phyCORE-AM65x SOM design. If the interfaces were available, they would appear as the following devices:


SPI Devices

	Interfaces

	Linux Devices





	MCU_SPI0

	/dev/spi0



	SPI0

	/dev/spi2









	To see what SPI devices are enabled by default run the following command:


Target (Linux)

ls /dev/spi*









	You should see at least one device (named /dev/spidev3.0 in the device tree overlay) which has been enabled in the Linux BSP for general use. This corresponds to the SPI1 interface on chip select 0.


Expected Output

root@am65xx-phycore-kit:~# ls /dev/spi*
/dev/spidev3.0













SPI1 Loopback Test

A simple loopback test can be used to verify transmit and receive on the SPI1 interface. The Linux file system contains a pre-built test application called spidev_test [https://fileshare.phytec.com/index.php/s/FMfrq9fYEmC7GRt] that can be used to transmit data on the Master Out/Slave In line (MOSI/X_SPI1_D0) and read it back on the Master In/Slave Out line (MISO/X_SPI1_D1).


	With the AM65x Development Kit powered off and with the power supply removed, use a wire to connect X_SPI1_MISO to X_SPI1_MOS. In this example expansion connector 23D (SPI1_D0) is connected to 24D (SPI1_D1)





Warning

The expansion connector contains supply and ground rails. Be extra sure you have the correct headers connected to avoid inadvertently shorting/damaging something.




	Power on the AM65x and boot into Linux.


	Run the loopback application from the Linux terminal


Target (Linux)

/opt/ltp/testcases/bin/ddt/spidev_test -D /dev/spidev3.0









	The received data (rx data) should match the transmitted data (tx data). Below is an example of the expected output:


Expected Output

root@am65xx-phycore-kit:~# /opt/ltp/testcases/bin/ddt/spidev_test -D /dev/spidev3.0
[ 1081.293428] spidev spi3.0: not using DMA for McSPI (-19)
[ 1081.298991] spidev spi3.0: not using DMA for McSPI (-19)
[ 1081.306534] spidev spi3.0: not using DMA for McSPI (-19)
spi mode: 0
bits per word: 8
max speed: 500000 Hz (500 KHz)
number of words to be transfered: 100
--------tx data-----------

00 01 02 03 04 05
06 07 08 09 0A 0B
0C 0D 0E 0F 10 11
12 13 14 15 16 17
18 19 1A 1B 1C 1D
1E 1F 20 21 22 23
24 25 26 27 28 29
2A 2B 2C 2D 2E 2F
30 31 32 33 34 35
36 37 38 39 3A 3B
3C 3D 3E 3F 40 41
42 43 44 45 46 47
48 49 4A 4B 4C 4D
4E 4F 50 51 52 53
54 55 56 57 58 59
5A 5B 5C 5D 5E 5F
60 61 62 63
---------rx data----------

00 01 02 03 04 05
06 07 08 09 0A 0B
0C 0D 0E 0F 10 11
12 13 14 15 16 17
18 19 1A 1B 1C 1D
1E 1F 20 21 22 23
24 25 26 27 28 29
2A 2B 2C 2D 2E 2F
30 31 32 33 34 35
36 37 38 39 3A 3B
3C 3D 3E 3F 40 41
42 43 44 45 46 47
48 49 4A 4B 4C 4D
4E 4F 50 51 52 53
54 55 56 57 58 59
5A 5B 5C 5D 5E 5F
60 61 62 63












Note

If SPI communication is not functioning properly, only “FF”s will be printed in the “rx data”.

This can be demonstrated by running the previous command again with the wire removed.





Revert to the Default Software Configuration

This guide requires disabling the LCD-018 and enabling a sample expansion overlay. In order to revert back to the default overlay settings, the following needs to be run in U-Boot:


	To enter U-Boot:


	Hit any key within 3 seconds of powering on or resetting the board, to halt autoboot.


Target (U-Boot)

env default -f -a
saveenv
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Thermal Zone

This guide will show you how to read the junction temperature of the processor on the phyCORE-AM65x SOM. Your SOM should come with a heat sink and fan installed to keep the processor below the set trip points and within specified operating temperature.


Reading the Temperature

The TI AM65x processor has three physical locations where the temperature can be monitored (thermal zones). Each zone can be accessed in the following Linux directories.


none

	Thermal Zone





	/sys/class/thermal/thermal_zone0



	/sys/class/thermal/thermal_zone1



	/sys/class/thermal/thermal_zone2






The below command can be used to output the temperature of thermal zone 0. This same command can be used for zones 1 and 2.


Target (Linux)

cat /sys/class/thermal/thermal_zone0/temp







This output translates to 41.4 °C:


Expected Output

root@am65xx-phycore-kit:~# cat /sys/class/thermal/thermal_zone0/temp
41400









Temperature Trip Points

Each thermal zone includes trip points. You can set the trip points to a temperature that will trigger an event, such as turning on a fan for active cooling. You can also build in a critical trip point; if this temperature is reached, Linux will automatically shutdown the system for protection of the processor.

An example below shows how to view the trip point of thermal zone 0. In this example there is a critical trip point when the temperature reaches 125 °C.


Example Usage

root@am65xx-phycore-rdk:~# cat /sys/class/thermal/thermal_zone0/trip_point_0_type
critical
root@am65xx-phycore-rdk:~# cat /sys/class/thermal/thermal_zone0/trip_point_0_temp
125000
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UART

The phyCORE-AM65x is configured by default to use UART1 (ttyS3) for console input and output over the Carrier Board’s X16 connector using an on board FTDI device. This FTDI device also provides access to UART2 (ttyS4) through the same connector.

The connector X14 allows for the use of a General Purpose (GP) UART (ttyS1) which is translated to RS-232 levels. This guide will show you how to send serial data over this General Purpose UART.

[image: ../_images/pcm-067-uart.webp]

UART devices

The four UART interfaces will show up in Linux as the corresponding devices:


UART Interfaces

	Hardware Interface

	Sysfs Path





	WKUP_UART0

	/dev/ttyS0



	MCU_UART0 (aka GP UART)

	/dev/ttyS1



	UART0

	/dev/ttyS2



	UART1

	/dev/ttyS3



	UART2

	/dev/ttyS4








Requirements


	RS-232 to USB adapter cable


	D-sub 9 ribbon cable (included in the phyCORE-AM65x development kit)






UART1


	Connect the D-sub 9 ribbon cable at the X14 connector. (Red line indicates Pin 1)


	To send console data over GP UART, connect the RS-232-USB adapter cable between the Host PC and the D-sub 9 ribbon cable on the kit.


	Power on the phyCORE-AM65x development kit. Your console emulator will have access to a new serial port.


	Open a new console configured for this port


	Baud rate of 115200; Data 8 bit; parity none; Stop 1 bit: Flow none






	Using the console connected to the default UART1 interface (the original terminal session between the Host PC and development kit via the micro-USB connector X16) enter the following:


Target (UART1 Linux Console)

stty -F /dev/ttyS1 115200
echo 'Testing GP UART!' > /dev/ttyS1







You should see ‘Testing GP UART!’ output to the GP UART serial console that was just opened. If not, check the USB serial port settings on the host computer and ensure that it is configured for 115200 baud rate and assigned to the correct serial port.



	Now to receive messages in the reverse direction (from the GP UART console) enter the following:


Target (UART1 Linux Console)

cat /dev/ttyS1









	Now type something into the GP UART console and hit enter. It should output to the UART1 console.






UART2

You may have noticed 2 COM ports becoming available when first connecting your phyCORE-AM65x development kit to your Host Machine. This is because the FTDI device takes in 2 UART signals from the SOM and makes them both available over this single USB connection. This part of the guide will demonstrate basic functionality of UART2 (ttyS4).


	Without connecting any additional cables to the AM65x development kit, open a new serial terminal.


	The COM port for this second connection will be 1 greater than the one used for your default Linux console. ie, if your UART1 Linux console (the one you used to login as root) is COM port 19, this second port should be configured to use COM port 20.






	Using the console connected to the default UART1 interface (the original terminal session between the Host PC and development kit via the micro-USB connector X16) enter the following:


Target (UART1 Linux Console)

stty -F /dev/ttyS4 115200
echo 'Testing UART2!' > /dev/ttyS4









	You should see ‘Testing UART2!’ output to the UART2 serial console that was just opened. If not, check the USB serial port settings on the host computer and ensure that it is configured for 115200 baud rate and assigned to the correct serial port.


	Now to receive messages in the reverse direction (from the UART2 console) enter the following:


Target (UART1 Linux Console)

cat /dev/ttyS4









	Now type something into the UART2 console and hit enter. It should output to the UART1 console.






Enable UART2 as a Serial Console


	To enable UART2 as an additional console in Linux, run the following commands. Note that this setting will persist between boots but will not affect the default console in U-Boot and Linux.


Target (UART1 Linux Console)

systemctl enable serial-getty@ttyS4.service
systemctl start serial-getty@ttyS4.service









	Next, enter the following command to enter a Vi Text Editor session. We will need to modify a security file that determines which UART interfaces allow root access.


Target (UART1 Linux Console)

vi /etc/securetty









	Edit the contents of the file by adding ttyS4 to the list of Standard serial ports:


Tip

The vi text editor begins in “Command Mode” and you must first hit the ‘i’ key in order to enter “Insert Mode”. Using the arrow keys to navigate, make the necessary changes and then hit ESC to go back to “Command mode”. Now enter “:wq” to write the file and quit.








Excerpt of Resulting File

  ...

  # Standard serial ports
  ttyS0
  ttyS1
  ttyS2
  ttyS3
  ttyS4

  ...








	Now you can login as root using the second UART2 console after a reboot.


Target (Linux)

reboot









	To disable this new serial console, enter the following:


Target (UART1 Linux Console)

systemctl stop serial-getty@ttyS4.service
systemctl disable serial-getty@ttyS4.service
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USB

The phyCORE-AM65x development kit brings out USB Host capabilities (USB0) to the Standard-A connector X18 and USB OTG capabilities (USB1) to the Micro-AB connector X17. Connector X18 is USB3.0 compliant and X17 is USB2.0 compliant. This guide will walk you through the use of this interface.


Note

See the end of this guide for further information regarding advanced USB OTG configurations.




USB0

Storage devices formatted with a FAT32 file system, when connected to the USB0 port, are automatically mounted to “/run/media/sda1”.


Note

See the note below if you are not seeing /run/media/sda1 after inserting the USB device in the development kit.




	Insert a USB storage device into the X18 connector. The mount point should be sda1 in the directory /run/media/ and this can be confirmed in the printed messages output on the console when the device is registered.




[image: ../_images/pcm-067-usb-host-connection.webp]

Note

If you did not seeing /run/media/sda1


If the directory /run/media/sda1 doesn’t exist, it is likely due to the flash drive being formatted with either a exFAT or ntfs file system. Both of these will not be recognized by Linux and therefore will not be automatically mounted.

Reformat the Flash Drive to FAT32




WARNING: This process will erase all data on the flash drive. It is highly recommended to back up the contents of the Flash Drive before following these steps.


	Connect your Flash Drive to your Windows Host Machine


	Hit the windows key, type “Disk Management” and then hit Enter.


	Right click your flash drive and select “Format”

[image: ../_images/pcm-067-usb-reformat.webp]


	Select FAT32 under File System and then press OK.

[image: ../_images/pcm-067-usb-reformat-fat32.webp]


	Now right click the device in File Explorer and select Eject to safely disconnect the device from your Host Machine.







	Generate a random 100 MB file to test writing to and from the storage device.


Target (Linux)

dd if=/dev/urandom of=test.file count=100 bs=1M









	Copy the file to your storage device and back again:


Target (Linux)

dd if=test.file of=/run/media/sda1/test.file bs=1M && dd if=/run/media/sda1/test.file of=test1.file bs=1M









	Generate a hash uniquely identifying both the original file and the copied file and ensure they match:


Target (Linux)

md5sum test.file && md5sum test1.file









	The above command will generate a long and seemingly random string of characters for both files. This long string is called a “hash” and it uniquely identifies the files. If the hash for both files match then you can be confident that both files (down to each bit) are identical.


Expected Output

root@am65xx-phycore-kit:~# md5sum test.file && md5sum test1.file
83e4656e299c96cf41488bf8b3701bb0  test.file
83e4656e299c96cf41488bf8b3701bb0  test1.file









	Be sure to UNMOUNT the drive in software before physically disconnecting it!


Target (Linux)

umount /run/media/sda1













USB1


	Connect a micro-USB cable between your host computer and the PHYTEC Carrier Board at the micro USB1 connector X17.

[image: ../_images/pcm-067-usb-otg-connection.webp]


	Using your Linux console, type the following to load the g_serial module:


Target (Linux)

modprobe g_serial









	Check that the serial device /dev/ttyGS0 exists:


Target (Linux)

ls /dev/tty*








Expected Output

root@am65xx-phycore-kit:~# ls /dev/tty*
/dev/tty     /dev/tty19   /dev/tty3    /dev/tty40   /dev/tty51   /dev/tty62   /dev/ttyS6   /dev/ttyp8
/dev/tty0    /dev/tty2    /dev/tty30   /dev/tty41   /dev/tty52   /dev/tty63   /dev/ttyS7   /dev/ttyp9
/dev/tty1    /dev/tty20   /dev/tty31   /dev/tty42   /dev/tty53   /dev/tty7    /dev/ttyS8   /dev/ttypa
/dev/tty10   /dev/tty21   /dev/tty32   /dev/tty43   /dev/tty54   /dev/tty8    /dev/ttyS9   /dev/ttypb
/dev/tty11   /dev/tty22   /dev/tty33   /dev/tty44   /dev/tty55   /dev/tty9    /dev/ttyp0   /dev/ttypc
/dev/tty12   /dev/tty23   /dev/tty34   /dev/tty45   /dev/tty56   /dev/ttyGS0  /dev/ttyp1   /dev/ttypd
/dev/tty13   /dev/tty24   /dev/tty35   /dev/tty46   /dev/tty57   /dev/ttyS0   /dev/ttyp2   /dev/ttype
/dev/tty14   /dev/tty25   /dev/tty36   /dev/tty47   /dev/tty58   /dev/ttyS1   /dev/ttyp3   /dev/ttypf
/dev/tty15   /dev/tty26   /dev/tty37   /dev/tty48   /dev/tty59   /dev/ttyS2   /dev/ttyp4
/dev/tty16   /dev/tty27   /dev/tty38   /dev/tty49   /dev/tty6    /dev/ttyS3   /dev/ttyp5
/dev/tty17   /dev/tty28   /dev/tty39   /dev/tty5    /dev/tty60   /dev/ttyS4   /dev/ttyp6
/dev/tty18   /dev/tty29   /dev/tty4    /dev/tty50   /dev/tty61   /dev/ttyS5   /dev/ttyp7









	A device named “PI USB to Serial” should have been detected by your Host Machine. In Windows, Device Manager will indicate which COM port number corresponds to it.


	Begin a new serial console using the COM port found in the previous step.




Sending


	In the Linux console, enter the following to output a message to the newly opened USB1 console:


Target (Linux)

echo "Testing" > /dev/ttyGS0









	Verify that the USB1 console printed “Testing”.




Receiving


	In the Linux console, enter the following to prepare the phyCORE-AM65x to receive messages from the Host:


Target (Linux)

cat /dev/ttyGS0









	Now type something into the USB1 console and verify that it outputs to the Linux console.


	Enter Ctrl + C in the Linux console to stop waiting for incoming data.






Advanced USB OTG Configurations


Solderless Jumper Configurations

	JP6

	OPEN (Default)

	USB OTG

Removes the additional 122uF capacitor from USB1 VBUS




	
	Closed

	USB Host

Adds additional 122uF capacitance from USB1 VBUS








Warning

There are known issues with configuring USB1 to Host Mode at this time. Closing jumper JP6 is not recommended until a later Carrier Board revision.







            

          

      

      

    

  

  
    
    

    WiFi
    

    

    
 
  

    
      
          
            
  
WiFi

The phyCORE-AM65x SOM comes equipped with a WiFi module. This guide shows you how to connect and use this interface.


Note

The phyCORE-AM65x cannot boot from an SD card and utilize the WiFi module at the same time as they share the same bus. This guide assumes that you are booting from eMMC. See Flashing and Booting from eMMC for more information.



[image: ../_images/pcm-067-wifi.webp]

Set up Software Configuration

In order to be accessible in Linux, the WIFI module needs to be configured in the Linux device tree. PHYTEC has provided a sample device tree overlay which configures the MMC bus to utilize the WiFi module instead of the SD Card slot at X13. To enable this device tree overlay:


	The device tree overlay is set in U-Boot.


	To enter U-Boot, hit any key within 3 seconds of powering or resetting the board to exit autoboot.


	If the board is powered on to begin with you will need to reset the board by pushing the Cold Reset button (S1) or use the following command to power off:






Target (Linux)

poweroff












	Modify the “extra_overlays” variable to point to the sample dtbo: “k3-am65xx-phytec-wlan.dtbo”. The “default_overlays” variable does not need to be changed.


Target (U-Boot)

setenv extra_overlays k3-am65xx-phytec-wlan.dtbo
saveenv









	Now boot into Linux using the following command in U-Boot:


Target (U-Boot)

boot













Configure WiFi


	A ‘wpa_supplicant’ file must contain the necessary credentials to connect to your network.


Target (Linux)

vi /etc/wpa_supplicant.conf









	Ensure that this file reflects the following contents (replace NETWORKNAME and NETWORKPASSWORD to the corresponding credentials for your target network):


Tip

The vi text editor begins in “Command Mode” and you must first hit the ‘i’ key in order to enter “Insert Mode”. Using the arrow keys to navigate, make the necessary changes and then hit ESC to go back to “Command mode”. Now enter “:wq” to write the file and quit.








wpa_supplicant.conf

 ctrl_interface=/var/run/wpa_supplicant
 ctrl_interface_group=0
 update_config=1

 network={
         ssid="NETWORKNAME"
         key_mgmt=WPA-PSK
         psk="NETWORKPASSWORD"
 }









Establish the Connection


	Load the credentials from the previous step:


Target (Linux)

wpa_supplicant -B -i wlan0 -c /etc/wpa_supplicant.conf









	Launch the WiFi client


Target (Linux)

udhcpc -i wlan0









	Wait until you obtain an IP address.






Test your connection



Target (Linux)

 ping google.com








Expected Output

root@am65xx-phycore-kit:~# ping google.com
PING google.com (172.217.14.206): 56 data bytes
64 bytes from 172.217.14.206: seq=0 ttl=53 time=15.934 ms
64 bytes from 172.217.14.206: seq=1 ttl=53 time=16.603 ms
64 bytes from 172.217.14.206: seq=2 ttl=53 time=15.380 ms
64 bytes from 172.217.14.206: seq=3 ttl=53 time=13.408 ms











	Enter Ctrl + C to stop pinging.






Revert to the Default Software Configuration

This guide required enabling a device tree overlay that disabled use of the SD Card slot at X13. In order to revert back to the default overlay settings, the following needs to be run in U-Boot:


	To enter U-Boot, hit any key within 3 seconds of powering or resetting the board to exit autoboot.


	To revert back to the original device tree (which would again disable WiFi), enter the following command in U-Boot:


Target (U-Boot)

env default -f -a
saveenv









	Now use this command to boot into Linux with the original device tree enabled (no WiFi):


Target (U-Boot)

boot
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Booting Essentials

This section of the product wiki contains guides to update and boot from different boot sources on the phyCORE-AM65x SOM.



	SD Card

	eMMC

	Configuring the Bootloader






Boot Modes

The phyCORE-AM65x development kit has a set of boot configuration DIP switch banks that can be used to select a primary and backup boot interface. The DIP switches allow you to toggle the state of the BOOTMODE[18:0] (X_VOUT1_DATA#_BOOTMODE#) signals that are latched at power on. By default the phyCORE-AM65x SOM has been configured to boot from on board eMMC flash. This guide provides information about how to override and set additional configurations using the DIP switches on the development kit.


Boot Switch Descriptions

	Boot Switch

	Description

	BOOTMODE Control





	S3

	Primary boot configuration

4-pin DIP switch


	BOOTMODE[3:0]



	S4

	Primary boot configuration

8-pin DIP switch


	BOOTMODE[15:8]



	S5

	Backup boot configuration

8-pin DIP switch


	BOOTMODE[6:4]

BOOTMODE[18:16]




	JP7

	Minimum configuration pin (MIN).

When enabled, boot configuration settings are ignored and the system will attempt to boot using pre-defined values from the ROM code.


	BOOTMODE[7]







Warning

The Boot Switches should only be modified with the AM65x Development Kit completely powered off and disconnected from a power supply.



[image: ../_images/pcm-067-qs-boot-switch-callout.webp]

Boot Settings (JP7)

	OPEN

	CLOSED





	Disabled (sets MIN pin low)

	Enabled (sets MIN pin high)







Boot Settings (S3/S4/S5)

	Boot Mode

	S3

	S4

	S5





	SD Card

	[image: ../_images/pcm-067-bootswitch-S3-SD.webp]

	[image: ../_images/pcm-067-bootswitch-S4-SD.webp]

	[image: ../_images/pcm-067-bootswitch-S5-SD.webp]



	eMMC

	[image: ../_images/pcm-067-bootswitch-S3-eMMC.webp]

	[image: ../_images/pcm-067-bootswitch-S4-eMMC.webp]

	[image: ../_images/pcm-067-bootswitch-S5-eMMC.webp]
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SD Card


Create A Bootable SD Card

This guide explains how to create a bootable SD card for the phyCORE-AM65x Development Kit using Linux. You will need the following to complete these instructions:

SDHC SD card, at least 4GB for PHYTEC’s TISDK release images
Linux Host PC or Virtual Machine
Ubuntu 16.04 LTS recommended
SD card reader
Creating a bootable SD card requires an SD card reader operational under Linux to format and access the Linux partition of the card. If you do not have SD card access under Linux then copying the bootloader and mounting the root filesystem on SD/MMC card will not be possible.

Pre-built images are available on PHYTEC’s Artifactory [http://artifactory.phytec.com/artifactory/webapp/#/artifacts/browse/tree/General/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA1]. If you have built your own images, then the images are located in: <YOCTO_DIR>/build/arago-tmp-external-linaro-toolchain/deploy/images/<MACHINE>/

Note that the names of the images differ between releases. YOCTO_IMAGE in the instructions below refers to the Yocto image name that was used to build the image, and YOCTO_MACHINE refers to the machine that was selected to build the image. Refer to the “Built Images” section of the Quickstart pertaining to the specific release you are using for clarification on image names.


Note

Boot switches on phyCORE-AM65x Development Kit will have to be set in order to specify the location of the primary bootloader. See the Boot Mode Section on the Booting Essentials page.




Using Pre-Built Images


	Download Pre-Built Binaries for the latest BSP release


	Download TI create-sdcard.sh [https://fileshare.phytec.com/index.php/s/eyJkPJkjwKP8LHF] script which will be used to partition your SD card.


Note

For more information regarding the script, see: http://processors.wiki.ti.com/index.php/Processor_SDK_Linux_create_SD_card_script





	From Terminal, navigate to the directory containing the create-sdcard.sh script (the command below assumes your default download directory is Downloads).


Host (Ubuntu)

cd Downloads









	Add executable permissions to the create-sdcard.sh script.


Host (Ubuntu)

chmod +x create-sdcard.sh









	Connect the SD card to the host PC


	From a terminal run the SD card partition script with root permissions


Host (Ubuntu)

sudo ./create-sdcard.sh









	Select the drive corresponding to the SD card


Expected Output

################################################################################

This script will create a bootable SD card from custom or pre-built binaries.

The script must be run with root permissions and from the bin directory of
the SDK

Example:
$ sudo ./create-sdcard.sh

Formatting can be skipped if the SD card is already formatted and
partitioned properly.

################################################################################


Available Drives to write images to:

#  major   minor    size   name
1:   8       32    7761920 sdc

Enter Device Number or n to exit: 1









	Enter 2 for the number of partitions


Expected Output

################################################################################

Number of partitions needed [2/3] : 2


Now partitioning sdc with 2 partitions...


################################################################################

        Now making 2 partitions

################################################################################

1024+0 records in
1024+0 records out
1048576 bytes (1.0 MB) copied, 0.913801 s, 1.1 MB/s
Disk /dev/sdc doesn't contain a valid partition table
DISK SIZE - 7948206080 bytes
Checking that no-one is using this disk right now ...
OK

Disk /dev/sdc: 966 cylinders, 255 heads, 63 sectors/track

sfdisk: ERROR: sector 0 does not have an msdos signature
/dev/sdc: unrecognized partition table type
Old situation:
No partitions found
New situation:
Units = cylinders of 8225280 bytes, blocks of 1024 bytes, counting from 0

Device Boot Start     End   #cyls    #blocks   Id  System
/dev/sdc1   *      0+      8       9-     72261    c  W95 FAT32 (LBA)
/dev/sdc2         10     965     956    7679070   83  Linux
/dev/sdc3          0       -       0          0    0  Empty
/dev/sdc4          0       -       0          0    0  Empty
Successfully wrote the new partition table

Re-reading the partition table ...
If you created or changed a DOS partition, /dev/foo7, say, then use dd(1)
to zero the first 512 bytes:  dd if=/dev/zero of=/dev/foo7 bs=512 count=1
(See fdisk(8).)

################################################################################

        Partitioning Boot

################################################################################
mkfs.fat 3.0.26 (2014-03-07)
mkfs.fat: warning - lowercase labels might not work properly with DOS or Windows

################################################################################

        Partitioning rootfs

 ################################################################################
 mke2fs 1.42.9 (4-Feb-2014)
 Filesystem label=rootfs
 OS type: Linux
 Block size=4096 (log=2)
 Fragment size=4096 (log=2)
 Stride=0 blocks, Stripe width=0 blocks
 480496 inodes, 1919767 blocks
 95988 blocks (5.00%) reserved for the super user
 First data block=0
 Maximum filesystem blocks=1967128576
 59 block groups
 32768 blocks per group, 32768 fragments per group
 8144 inodes per group
 Superblock backups stored on blocks:
     32768, 98304, 163840, 229376, 294912, 819200, 884736, 1605632

 Allocating group tables: done
 Writing inode tables: done
 Creating journal (32768 blocks): done
 Writing superblocks and filesystem accounting information: done









	Enter n when asked to continue. Files will be copied to the partitions manually.


Expected Output

################################################################################

   Partitioning is now done
   Continue to install filesystem or select 'n' to safe exit

   **Warning** Continuing will erase files any files in the partitions

################################################################################


Would you like to continue? [y/n] : n









	Eject and then re-connect the SD Card to automatically mount the SD Card and then find where it was mounted. You can confirm the mount point of the ‘/dev/sdX’ device with the following command:


Host (Ubuntu)

mount








Expected Output

user@ubuntu:~$ mount
sysfs on /sys type sysfs (rw,nosuid,nodev,noexec,relatime)
proc on /proc type proc (rw,nosuid,nodev,noexec,relatime)
udev on /dev type devtmpfs (rw,nosuid,relatime,size=5347324k,nr_inodes=1336831,mode=755)
...
/dev/sdc2 on /media/user/root type ext4 (rw,nosuid,nodev,relatime,uhelper=udisks2)
/dev/sdc1 on /media/user/boot type vfat (rw,nosuid,nodev,relatime,uid=1000,gid=1000,fmask=0022,dmask=0022,codepage=437,iocharset=iso8859-1,shortname=mixed,showexec,utf8,flush,errors=remount-ro,uhelper=udisks2)







In the above example output we can see that the the SD Card’s two partition (/dev/sdc1 and /dev/sdc2) are mounted in /media/<user>/ .



	Use the terminal to copy the bootloaders (u-boot and system firmware) to the boot partition


Host (Ubuntu)

cp tiboot3.bin tispl.bin u-boot.img sysfw.itb /media/<username>/boot/ && sync









	Use the terminal to extract the filesystem to the root partition. The filesystem includes the Linux kernel.


Host (Ubuntu)

sudo tar -xf tisdk-default-image-am65xx-phycore-kit.tar.xz -C /media/<username>/rootfs/ && sync









	Unmount the partitions and remove the SD card


Host (Ubuntu)

umount /media/<username>/boot /media/<username>/rootfs









	You SD card should now be ready to boot your hardware into Linux.






Updating Individual Parts of a Bootable SD Card

This section describes the process for updating individual components of an SD Card if you already have one that has been formatted as described above.

Once the SD card has been formatted, you may update the kernel, root filesystem, and U-Boot files individually.

Bootloader (U-Boot and System Firmware)


	Remove the existing U-Boot images:


Host (Ubuntu)

rm /media/<username>/boot/tiboot3.bin && sync
rm /media/<username>/boot/tispl.bin && sync
rm /media/<username>/boot/u-boot.img && sync
rm /media/<username>/boot/sysfw.itb && sync









	Copy the new images to the boot partition of the SD card:


Host (Ubuntu)

cp tiboot3.bin tispl.bin u-boot.img sysfw.itb /media/<username>/boot/ && sync











Root File System


	If replacing the root filesystem, remove the existing:


Host (Ubuntu)

sudo rm -rf /media/<username>/rootfs/* && sync









	Load the new filesystem to the rootfs partition on the SD card:


Host (Ubuntu)

sudo tar -xf tisdk-rootfs-image-am65xx-phycore-kit.tar.xz -C /media/<username>/rootfs/ && sync











Linux Kernel


Warning

If you do not need to update your Linux kernel or device tree images, this step should be skipped. The root file system already contains the kernel and default device tree images in its boot subdirectory.




	Remove the existing Linux kernel and device tree images:


Host (Ubuntu)

sudo rm /media/<username>/rootfs/boot/Image && sync
sudo rm /media/<username>/rootfs/boot/k3-am65xx-phycore-kit.dtb && sync









	Load the new Linux kernel and device tree images to the boot subdirectory on the root file system partition of the SD card. Note that U-Boot expects the kernel to be named Image and the default device tree image image to be named k3-am65xx-phycore-kit.dtb:


Host (Ubuntu)

sudo cp Image /media/<username>/rootfs/boot/ && sync
sudo cp k3-am65xx-phycore-kit.dtb /media/<username>/rootfs/boot/ && sync














Booting from SD Card

The phyCORE-AM65x development kit is configured to boot from an SD Card slot by default and basic steps for performing this and establishing serial communication are outlined in the Quickstart. Boot switch (aka DIP switches) settings determine the location and method the boot ROM loads the first stage bootloader into memory before executing it.


Boot Switch Settings


	JP7 should be disabled.
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eMMC

This guide describes the process for flashing and booting from eMMC on the phyCORE-AM65x Development Kit. These instructions will be useful if you want to:


	Flash images because eMMC is empty


	Upgrade to a new release


	Use custom-built images





Requirements


	An SD card that has been prepared with the instructions found in Create a Bootable SD Card. These instructions are intended for flashing images from the SD card to eMMC.


	The .ext4 filesystem image copied to your bootable SD card. For this release the filesystem image is tisdk-rootfs-image-am65xx-phycore-kit.ext4 [http://artifactory.phytec.com/artifactory/webapp/#/artifacts/browse/tree/General/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA1/tisdk-rootfs-image-am65xx-phycore-kit.ext4] and will be included at the rootfs/boot/ directory on the SD Card provided with the development kit.






Partition eMMC

eMMC partitioning can be done from U-Boot or Linux. Both options are effectively the same, you may choose the option most suitable for your development purposes. Both options are described below.


Option 1: Partition eMMC from U-Boot


	First generate two universally unique identifiers (UUIDs) for the partition table (GPT) that you will be writing to eMMC. Run the following command twice using your Host Machine:


Host (Ubuntu)

uuidgen








Expected Output

 user@ubuntu:~$ uuidgen
 399c32a9-8f88-4402-a15b-26d92274dab3
 user@ubuntu:~$ uuidgen
 b4f58302-85f1-4922-bcb5-02a1de3a3062












Note

The “uuidgen” command line utility generates unique identifiers so it is normal for it to provide you with UUIDs different than the example above.




	Keep track of these UUIDs by leaving the Terminal open, writing them down or saving them to a file. We will use them in the following steps.


	Boot the phyCORE-AM65x from SD Card. Press any key within 3 seconds to halt autoboot and enter U-Boot.


	Use the following commands to set the identifiers for the eMMC partitions to the generated values and write the new GPT partition table to eMMC.


Target (U-Boot)

setenv uuid_gpt_disk <first UUID>
setenv uuid_gpt_rootfs <second UUID>
gpt write mmc 0 ${partitions}








Expected Output

=> setenv uuid_gpt_disk 399c32a9-8f88-4402-a15b-26d92274dab3
=> setenv uuid_gpt_rootfs b4f58302-85f1-4922-bcb5-02a1de3a3062
=> gpt write mmc 0 ${partitions}
Writing GPT: success!









	Verify the GPT:


	Select the on board eMMC device:


Target (U-Boot)

mmc dev 0









	Print the partition map:



Target (U-Boot)

mmc part








Expected Output

=> mmc part

Partition Map for MMC device 0  --   Partition Type: EFI

Part    Start LBA       End LBA         Name
        Attributes
        Type GUID
        Partition GUID
  1     0x00000022      0x0072bfde      "rootfs"
        attrs:  0x0000000000000000
        type:   ebd0a0a2-b9e5-4433-87c0-68b6b72699c7
        guid:   b4f58302-85f1-4922-bcb5-02a1de3a3062












	Verify that partitioning was a success:



Target (U-Boot)

gpt verify mmc 0 ${partitions}




















Option 2: Partition eMMC from Linux

Boot from SD and boot fully into Linux. Log into Linux and use parted with the following options to create and write a new GPT partition table to eMMC:


Target (Linux)

umount /dev/mmcblk0p1
parted /dev/mmcblk0 -s mklabel GPT
parted /dev/mmcblk0 -s mkpart rootfs ext4 34s 100%
sync










Flash the Bootloader

Flashing the bootloader can be done from U-Boot or Linux. Both options are effectively the same, you may choose the option most suitable for your development purposes. Both options are described below.


Option 1: Flash the Boot Loader from U-Boot


	Boot from SD and press any key to stop autoboot when prompted to enter the U-Boot command line. Copy the boot loader files from the boot partition of the SD card to the hardware boot partition of the eMMC:


Target (U-Boot)

 mmc dev 0 1

 fatload mmc 1 ${loadaddr} tiboot3.bin
 mmc write ${loadaddr} 0x0 0x400

 fatload mmc 1 ${loadaddr} tispl.bin
 mmc write ${loadaddr} 0x400 0x1000

 fatload mmc 1 ${loadaddr} u-boot.img
 mmc write ${loadaddr} 0x1400 0x2000

 fatload mmc 1 ${loadaddr} sysfw.itb
 mmc write ${loadaddr} 0x3600 0x800









	Give the AM65x ROM bootloader access to the boot partition and enable hardware reset. These commands only need to be run once per eMMC chip:


Target (U-Boot)

 mmc partconf 0 1 1 1
 mmc bootbus 0 2 0 0
 mmc rst-function 0 1













Option 2: Flash the Boot Loader from Linux


	Boot from SD and boot fully into Linux. Log into Linux and use dd to copy the boot loader files from the boot partition of the SD card to the hardware boot partition of the eMMC after enabling write access:


Target (Linux)

 echo 0 > /sys/block/mmcblk0boot0/force_ro

 dd if=/run/media/mmcblk1p1/tiboot3.bin of=/dev/mmcblk0boot0 bs=512 count=1024
 dd if=/run/media/mmcblk1p1/tispl.bin of=/dev/mmcblk0boot0 bs=512 seek=1024 count=4096
 dd if=/run/media/mmcblk1p1/u-boot.img of=/dev/mmcblk0boot0 bs=512 seek=5120 count=8192
 dd if=/run/media/mmcblk1p1/sysfw.itb of=/dev/mmcblk0boot0 bs=512 seek=13824 count=2048

 sync









	Give the AM65x ROM bootloader access to the boot partition and enable hardware reset. These commands only need to be run once per eMMC chip:


Target (Linux)

mmc bootpart enable 1 1 /dev/mmcblk0
mmc bootbus set single_backward x1 x8 /dev/mmcblk0
mmc hwreset enable /dev/mmcblk0














Flash the Root Filesystem


Note

The filesystem can only be flashed from Linux due to the size of the filesystem image provided with this BSP release. Flashing from U-Boot may be possible with a more minimal image.




	Boot from SD and boot fully into Linux. Log into Linux and use dd to copy the root filesystem from the SD card to eMMC:


Target (Linux)

dd if=/boot/tisdk-rootfs-image-am65xx-phycore-kit.ext4 of=/dev/mmcblk0p1 bs=1M && sync













Booting from eMMC

The phyCORE-AM65x development kit is configured to boot from an SD card slot by default. Therefore you’ll have to change the DIP switches to reflect the eMMC boot mode configuration seen below.


Boot Switch Settings


	JP7 should be disabled.
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Configuring the Bootloader

The bootloader, one of the key software components included in the BSP, completes the required hardware initialization to download and run operating system images. The boot mode is selected from the S5 dipswitch on the carrier board and determines where the hardware looks for the primary bootloader.


Boot Options

The target can be booted from eMMC or SD Card. In our standard configuration, the kernel and root filesystem are loaded from SD/MMC.

The boot options for the kernel and root filesystem can be changed from within U-Boot. To enter U-Boot, after application of power, approximately three seconds are allotted for the user to hit any key which will halt autoboot of Linux:

[image: ../_images/pcm-067_bootconfig-uboot_console.webp]

Tip

help will show you the commands available to you in U-Boot and their usage.




Stand-Alone eMMC Boot

To configure U-Boot to boot the kernel from eMMC, modify the mmcdev and bootpart environment variables in U-Boot and save the environment:


Target (U-Boot)

  setenv mmcdev 0
  setenv bootpart 0:1
  saveenv









Stand-Alone SD/MMC Card Boot

By default, the phyCORE-AM65x Development Kit is set up to boot the Linux kernel and root filesystem from SD. If switching from another boot configuration back to SD, modify the mmcdev and bootpart environment variables in U-Boot and save the environment:


Target (U-Boot)

setenv mmcdev 1
setenv bootpart 1:2
saveenv









Custom Boot

Unique boot configurations can be created by defining the desired environment variable settings and setting bootcmd to run its contents.
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BSP Development

This section of the developer wiki contains guides for common BSP development tasks. These common tasks relate to modifying the standard development kit’s software as well as modifying the BSP to add support for custom systems built around the phyCORE-AM65x SOM.

As for suggested workflow, most developers working with PHYTEC SOMs will want to start in one of these two ways:


	Generally, the best place to start is to Build the BSP in its entirety. Doing so will build the bootloader, kernel, root filesystem, and many utilities that make up the base Linux distro. Building the BSP gives you access to the source code for all of these components and can serve as a starting point for generating customized production software images.






	Build the BSP
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Build the BSP

This guide provides you with the tools and know-how to install and develop software using the Linux Board Support Package (BSP) for the phyCORE-AM65x Development Kit.This guide shows you how to do everything from installing the appropriate host tools to building and deploying bootable images.

Please refer to the phyCORE-AM65x Hardware Manual [https://www.phytec.com/product/phycore-am65x/#section-hardware-documentation] for specific information on board-level features such as jumper configuration, memory mapping and pin layout for the phyCORE-AM65x System on Module (SOM) and carrier board.


Requirements


	A modern GNU/Linux Operating host system either natively or via a virtual machine:


	Ubuntu 18.04 LTS recommended, 64-bit required. Other distributions will likely work, please note that some setup information as well as OS-specific commands and paths may differ.


	If using a virtual machine, VMWare Workstation, VMWare Player, and VirtualBox are all viable solutions.






	Root access to your Linux Host PC. Some commands in the Quickstart will not work if you don’t have sudo access (ex. package installation, formatting SD cards).


	At least 250GB free on target build partition and at least 8GB of RAM available to the build host.


	SD card reader operational under Linux.

#.If you do not have SD card access under Linux then formatting, copying the bootloader, and mounting the root file system on an SD card will not be possible.



	Active Internet connection






Getting Started With Binary Images

Before proceeding with this BSP development guide, note that you can start evaluating the phyCORE-AM65x Development kit right away just by using pre-built images. Building the BSP in its entirety will be important to do as you start to adapt the development kit for your own design but it is not necessary to do in order to get started with the hardware. To get started with PHYTEC’s pre-built release images, please Create a Bootable SD Card with the release images from Pre-Built Binaries, then configure the board to boot from SD/MMC with the help of the Booting Essentials guide. If needed, you can flash your image to eMMC by following the flashing eMMC guide. From there, head over to the Quickstart to help you power on the hardware and establish a serial connection.


Building Images from Source

This section will show you how to configure your development host to build your own BSP images from source and how to start BSP image builds. Building BSP images from source is useful if you have made changes to the BSP sources and would like to deploy those changes in an easy and reproducible way.




Host Setup


	Yocto development requires certain packages to be installed. Run the following commands to ensure you have the packages installed:


Host (Ubuntu)

sudp apt-get update
sudo apt-get install git build-essential python diffstat texinfo gawk chrpath dos2unix wget unzip socat doxygen libc6:i386 libncurses5:i386 libstdc++6:i386 libz1:i386 lib32stdc++6 lib32ncurses5 lib32z1 libc6-dev-i386 cpio gcc-multilib









	Verify that the preferred shell for your Host PC is ‘’bash’’ and not ‘’dash’’:


Host (Ubuntu)

sudo dpkg-reconfigure dash
# Respond "No" to the prompt asking "Install dash as /bin/sh?"
bash









	Download and install the repo tool. This tool is used to obtain Yocto source from Git.


Host (Ubuntu)

cd /opt
sudo mkdir bin
# /opt/ directory has root permission, change the permissions so your user account can access this folder. In the following replace <user> with your specific username
sudo chown -R <user>: bin

cd bin
curl http://commondatastorage.googleapis.com/git-repo-downloads/repo > ./repo
# add directory that contains repo to your path
chmod a+x repo









	Add the repo directory in your PATH, using export from the command line or permanently by including it in .bashrc:


Host (Ubuntu)

export PATH=/opt/bin/:$PATH













Git Setup


	If you have not yet configured your Git environment on this machine, please execute the following commands to set your user name and email address. See here [https://git-scm.com/book/en/v2/Getting-Started-First-Time-Git-Setup#_first_time] for more information on getting started with Git.


Host (Ubuntu)

git config --global user.email "your@email.com"
git config --global user.name "Your Name"
git config --global http.sslcainfo /etc/ssl/certs/ca-certificates.crt













Setup the BSP Directory


	Create a directory which will house your BSP development. In this example the BSP directory is /opt/PHYTEC_BSPs/. This is not a requirement and if another location is preferred (ex. ~/PHYTEC_BSPs) feel free to modify. We recommend using /opt over your HOME directory to avoid errors attributed to ~ syntax as well as the sudo requirement for the root filesystem and automation package building. We also recommend creating a package download directory (yocto_dl) separate from the yocto tree (yocto_ti), as it makes resetting the build environment easier and subsequent build times much faster.


Host (Ubuntu)

 sudo mkdir -p /opt/PHYTEC_BSPs
 cd /opt


 # /opt directory has root permission, change the permissions so your user account can access this folder. In the following, replace <user> with your username
 sudo chown -R <user>: PHYTEC_BSPs


 cd PHYTEC_BSPs
 mkdir yocto_ti
 mkdir yocto_dl
 cd yocto_ti
 export YOCTO_DIR=`pwd`







At this point you will now be able to navigate to the Yocto directory using the $YOCTO_DIR environment variable.







Install the ARM Toolchain


	Run the following commands to install the ARM toolchain:


Host (Ubuntu)

wget https://developer.arm.com/-/media/Files/downloads/gnu-a/9.2-2019.12/binrel/gcc-arm-9.2-2019.12-x86_64-arm-none-linux-gnueabihf.tar.xz
tar -Jxvf gcc-arm-9.2-2019.12-x86_64-arm-none-linux-gnueabihf.tar.xz -C /opt/PHYTEC_BSPs
wget https://developer.arm.com/-/media/Files/downloads/gnu-a/9.2-2019.12/binrel/gcc-arm-9.2-2019.12-x86_64-aarch64-none-linux-gnu.tar.xz
tar -Jxvf gcc-arm-9.2-2019.12-x86_64-aarch64-none-linux-gnu.tar.xz -C /opt/PHYTEC_BSPs
rm gcc-arm-9.2-2019.12-x86_64-arm-none-linux-gnueabihf.tar.xz gcc-arm-9.2-2019.12-x86_64-aarch64-none-linux-gnu.tar.xz













Download the BSP Meta Layers


	Download the manifest file for the latest BSP:


Host (Ubuntu)

cd $YOCTO_DIR
repo init -u https://stash.phytec.com/scm/pub/manifests-phytec.git -b am65xx -m ALPHA4.xml









	Download the Yocto meta layers specified in the manifest file:


Host (Ubuntu)

 repo sync













Start the Build


	Run the Yocto build directory setup script. The TEMPLATECONF [http://www.yoctoproject.org/docs/2.6/ref-manual/ref-manual.html#structure-build-conf-local.conf] variable is used to set the source of the local configuration files (conf/bblayers.conf [http://www.yoctoproject.org/docs/2.6/ref-manual/ref-manual.html#structure-build-conf-bblayers.conf] and conf/local.conf [http://www.yoctoproject.org/docs/2.6/ref-manual/ref-manual.html#structure-build-conf-local.conf]), which are located in the meta-phytec layer:


Host (Ubuntu)

cd $YOCTO_DIR
TEMPLATECONF=$YOCTO_DIR/sources/meta-phytec/meta-phytec-ti/conf MACHINE=am65xx-phycore-kit source sources/oe-core/oe-init-build-env build









	Open the build/conf/local.conf file using your preferred editor and make the following modifications:


	Modify the download directory to the yocto_dl directory that was created in the previous steps:


build/conf/local.conf

DL_DIR ?= "/opt/PHYTEC_BSPs/yocto_dl"









	Maximize build efficiency by modifying the BB_NUMBER_THREADS variable to suit your host development system. This sets the maximum number of tasks that BitBake should run in parallel. Also set the variable PARALLEL_MAKE to specify the number of threads that make can run. By default, these are already set to 4 in build/conf/local.conf:


build/conf/local.conf

# Parallelism options - based on cpu count
BB_NUMBER_THREADS ?= "4"
PARALLEL_MAKE ?= "-j 4"









	Add the following to a new line at the end of the file to set the TOOLCHAIN_BASE variable to point to where you extracted the toolchain:


build/conf/local.conf

TOOLCHAIN_BASE = "/opt/PHYTEC_BSPs"









	Be sure to save your changes to the local.conf file before closing.








The setup is complete and you now have everything ready to start a build. This BSP has been tested with the arago-core-tisdk-bundle and it is suggested that you start with this image before building other images. Alternate images are located in various meta layers at yocto_ti/sources/ meta*/recipes*/images/.bb. They can be found using the command bitbake-layers show-recipes “-image*” in $YOCTO_DIR/build/.


	The following will start a build from scratch including installation of the toolchain as well as bootloader, Linux kernel, and root filesystem images.


Host (Ubuntu)

cd $YOCTO_DIR/build
MACHINE=am65xx-phycore-kit bitbake -k arago-core-psdkla-bundle













Built Images

All images generated by Bitbake are deployed to $YOCTO_DIR/build/arago-tmp-external-arm-glibc/deploy/images/am65xx-phycore-kit:


	Bootloader: tiboot3.bin, tispl.bin, u-boot.img, and sysfw.itb


	Kernel: Image


	Kernel device tree file: k3-am65xx-phycore-kit.dtb


	Kernel device tree overlays: k3-am65xx-phytec-expansion-sample.dtbo, k3-am65xx-phytec-lcd-018.dtbo, k3-am65xx-phytec-wlan.dtbo


	Root Filesystem: tisdk-default-image-am65xx-phycore-kit.tar.xz




Source Locations:


	Kernel:  $YOCTO_DIR/build/arago-tmp-external-arm-glibc/work/am65xx_phycore_kit-linux/linux-phytec-ti/5.4.74+git_v5.4.74-phy1-r0a/git/


	The device tree file to modify within the linux kernel source is: k3-am65xx-phycore-kit.dts and its included dtsi files.






	U-Boot:  $YOCTO_DIR/build/arago-tmp-external-arm-glibc/work/am65xx_phycore_kit-linux/u-boot-phytec/1_2020.01+git_v2020.01-phy2-r0/git/






Build Time Optimizations

The build time will vary depending on the package selection and Host performance. Beyond the initial build, after making modifications to the BSP, a full build is not required. Use the following as a reference to take advantage of optimized build options and reduce the build time.


	To rebuild U-Boot:


Host (Ubuntu)

bitbake u-boot-phytec u-boot-phytec-k3-r5 -f -c compile && bitbake u-boot-phytec u-boot-phytec-k3-r5









	To rebuild the Linux kernel:


Host (Ubuntu)

bitbake linux-phytec-ti -f -c compile && bitbake linux-phytec-ti











The Yocto project’s Bitbake User Manual provides useful information regarding build options:  http://www.yoctoproject.org/docs/2.6/bitbake-user-manual/bitbake-user-manual.html
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Pre-Built Binaries

Download the following files. This will include your Boot Loader, System Firmware, and root filesystem:


Board Support Package Status

	Bootloader

	u-boot.img [https://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/u-boot.img]

tiboot3.bin [https://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/tiboot3.bin]

tispl.bin [https://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/tispl.bin]




	System Firmware

	sysfw.itb [https://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/tispl.bin]



	Root Filesystem

	tisdk-default-image-am65xx-phycore-kit.tar.xz [https://artifactory.phytec.com/artifactory/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4/tisdk-default-image-am65xx-phycore-kit.tar.xz]







Note

The kernel (zImage) and device tree blob (dtb) are included in the root file system (boot directory).



For a complete view of all available pre-built files, view the artifactory repo here: Artifactory Repository [http://artifactory.phytec.com/artifactory/webapp/#/artifacts/browse/tree/General/am65xx-images-released-public/BSP-Yocto-TISDK-AM65xx-ALPHA4]

For any technical questions, feel free to reach out to PHYTEC’s Support Portal [http://support.phytec.com/]
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