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BeagleY-Al

BeagleY-Al is an open-source single board computer based on the Texas Instruments AM67A Arm-based vision
processor.
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Chapter 1

Introduction

BeagleY-Al is an open-source single board computer designed for edge Al applications.

1.1 Detailed overview

BeagleY-Al is based on the Texas Instruments AM67A Arm-based vision processor. It features a quad-core 64-bit
Arm®Cortex®-A53 CPU subsystem at 1.4GHz, Dual general-purpose C7x DSP with Matrix Multiply Accelerator
(MMA) capable of 4 TOPs each, Arm Cortex-R5 subsystem for low-latency I/O and control, a 50 GFlop GPU, video
and vision accelerators, and other specialized processing capability.
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Table 1.1: BeagleY-Al features

Feature Description

Processor Texas Instruments AM67A, Quad 64-bit Arm® Cortex®-A53 @1.4 GHz, multiple cores including Arm/GPU processors,
DSP, and vision/deep learning accelerators

RAM 4GB LPDDR4 (x32)

Wi-Fi/Bluetooth BeagleBoard.org BeagleMod BM3301, 802.11ax Wi-Fi 6, Bluetooth Low Energy (BLE) 5.4

USB Ports 4 x USB 3.0 TypeA ports supporting simultaneous 5Gbps operation, 1 x USB 2.0 TypeC, supports USB 2.0 device
mode

Ethernet Gigabit Ethernet, with PoE+ support (requires separate PoE HAT)

Cam- 2 X 4-lane MIPI camera connector (one connector muxed with DSI capability)

era/Display

Display Output
Real-time Clock
(RTC)

Debug UART
Power

Power Button
PCle Interface
Expansion Con-
nector

Fan connector
Storage

Tag Connect

1 x HDMI display, 1 x OLDI display, 1 x DSI MIPI Display (DSI muxed with 1 CSI)
Supports external coin-cell battery for power failure time retention

1 x 3-pin debug UART

5V/3A DC power via USB-C

On/Off included

PCl-Express® Gen3 x 1 interface for fast peripherals (requires separate M.2 HAT or other adapter)
40-pin header

1 x 4-pin fan connector, supports PWM control and fan speed measurement
microSD card slot with UHS-1 support
1 x JTAG, 1 x External PMIC programming port

1.1.1 AMG67A SoC

The AM67A scalable processor family is based on the evolutionary Jacinto™ 7 architecture, targeted at Smart
Vision Camera and General Compute applications and built on extensive market knowledge accumulated over
a decade of Tl's leadership in the Vision processor market. The AM67A family is built for a broad set of cost-
sensitive high performance compute applications in Factory Automation, Building Automation, and other mar-

kets.

Some Applications include:

¢ Human Machine Interface (HMI)

* Hospital patient monitoring

¢ Industrial PC

¢ Building security system

* Off-highway vehicle

e Test and measurement

* Energy storage systems

¢ Video Surveillance

¢ Machine Vision

¢ Industrial mobile robot (AGV/AMR)

* Front camera systems

The AM67A provides high performance compute technology for both traditional and deep learning algorithms
at industry leading power/performance ratios with a high level of system integration to enable scalability and
lower costs for advanced vision camera applications. Key cores include the latest Arm and GPU processors for
general compute, next generation DSP with scalar and vector cores, dedicated deep learning and traditional
algorithm accelerators, an integrated next generation imaging subsystem (ISP), video codec, and MCU cores.
All protected by industrial-grade security hardware accelerators.

Tip: For more information about AM67A SoC you can checkout https://www.ti.com/product/AM67A

Chapter 1. Introduction
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1.2 Board components location

1.2.1 Front components

BM3301 4GB LPDDR4
WiFi 6 + BLE 5.4 RAM

BM3301
2.4GHz uFL Antennas
Power
Button

Bicolor LED

Indicator

PMIC
Power

Power & USB 2 Device

40-pin Expansion

Header

TI AM67A
SoC

Fan

Connector

2x USB 3

5 Gbps Host

2x USB 3
5 Gbps Host

i
i

Gigabit Ethernet
i Network connectivity

micro HDMI

Display

4 lane MIPI

CS| Connector

4 lane MIPI

DSI/CS| Connector

PoE
HAT connector

Table 1.2: BeagleY-Al board front components location

Feature

Description

WiFi/Bluetooth
RAM
Expansion
SoC

Fan

USB-A

Network Connectiv-
ity

PoE
Camera/Display
Debug UART
Display Output
USB-C

PMIC

Bicolor LED
Power button
PCle

BeagleBoard.org BeagleMod BM3301 with 802.11ax Wi-Fi 6 & Bluetooth Low Energy 5.4 (BLE)

4GB LPDDR4 (x32)

40pin Expansion header compatible with HATs

TI AM67A Arm® Cortex®-A53 4 TOPS vision SoC with RGB-IR ISP for 4 cameras, machine vision, robotics, and

smart HMI
4-pin fan connector

4 x USB 3 TypeA ports supporting simultaneous 5Gbps operation host ports

Gigabit Ethernet

Power over Ethernet HAT connector
1 x 4-lane MIPI camera/display transceivers, 1 x 4-lane MIPI camera
1 x 3-pin JST-SH 1.0mm debug UART port

1 x HDMI display

1 x Type-C port for power, and supports USB 2 device
Power Management Integrated Circuit for 5V/5A DC power via USB-C with Power Delivery support

Indicator LED
ON/OFF button

PCl-Express® Gen3 x 1 interface for fast peripherals (requires separate M.2 HAT or other adapter)

1.2.2 Back components

Table 1.3: BeagleY-Al board back components location

Feature

Description

Tag-Connect
Display output
Storage

1 x JTAG & 1 x Tag Connect for PMIC NVM Programming
1 x OLDI display
microSD card slot with support for high-speed SDR104 mode

1.2. Board components location
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Chapter 2

BeagleY-Al Quick Start

2.1 What’s included in the box?

When you purchase a BeagleY-Al, you'll get the following in the box:
1. BeagleY-Al with attached antenna.

2. Quick-start card

Todo: BeagleY-Al unboxing video

2.2 Getting started

To get started your BeagleY-Al you need the following:
1. 5V @ 3A power supply
2. MicroSD card (32GB)
3. Boot Media (Software image)

You may need additional accessories based on the mode of operation, you can use your BeagleY-Al in different
ways.

1. USB Tethering by directly connecting via USB type-c port
2. Headless connection via UART debug port
3. Standalone connection with Monitor and other peripherals attached

Easiest option is to connect the board directly to your PC or Laptop using a USB type-C to type-c cable. There
is only one USB type-C port on board, if you choose to use a dedicated power supply for first time setup, you
may choose to access the board via any other methods listed above.

2.3 Power Supply

To power the board you can either connect it to a dedicated power supply like a mobile charger or a wall adapter
that can provide 5V = 3A. Checkout the docs power supply page for power supply recommendations.

Note: Instead of using a power supply or power adapter if you are using a Type-C to Type-C cable to connect
the board to your laptop/PC then make sure it can supply at least 1000maA.
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2.4 Boot Media (Software image)

We have two methods to prepare bootable microSD card, It is recommended to use bb-imager.
1. bb-imager

2. Balena Etcher

2.4.1 bb-imager

Download and install bb-imager for your operating system. Below are all the steps required to create a bootable
microSD card with latest/recommended OS image for BeagleY-Al.

«
>
<
>
X

b 4 BeagleBoard Imager v2.0.0

07 beagleboard.ong

BeagleBoard Operating System Storage

CHOOSE DEVICE CHOOSE 0S CHOOSE STORAGE

Fig. 2.1: Click on CHOOSE DEVICE button

2.4.2 Balena Etcher

Download and install Balena Etcher and then download the boot media from https://www.beagleboard.org/
distros/beagley-ai-debian-12-5-2024-06-19-xfce. Flash it on a microSD card using Balena Etcher following the
steps below:

1. Select downloaded boot media
2. Select microSD card

3. Flash!

8 Chapter 2. BeagleY-Al Quick Start
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b 4 BeagleBoard Imager v2.0.0 ¥ A v A~ X

BeagleBoard

No filtering

Show every possible image

@ BeagleY-Al
BeagleY-Al based on TI AM67A

Fig. 2.2: Choose BeagleY—AT board

2.4. Boot Media (Software image) 9
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&
>
<
>
X

b 4 BeagleBoard Imager v2.0.0

¢ beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-AI CHOOSE 0S CHOOSE STORAGE

Fig. 2.3: Click on CHOOSE OS button

10 Chapter 2. BeagleY-Al Quick Start
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b 4 BeagleBoard Imager v2.0.0 ¥ A v A X

Operating System

BeagleY-Al Debian XFCE (Recommended)

Debian graphical user interface (XFCE) image for BeagleY-Al based on TI AM67A
( E ’ (J722S) processor (Recommended)

Released: 2024-06-12

Online - 1.4 GB download

= Erase
D Format card as FAT32

. Use custom
im9)  Select a custom .img from your computer

Fig. 2.4: Select Recommended OS

2.4. Boot Media (Software image) 11
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«
>
<
>
X

b g BeagleBoard Imager v2.0.0

¢ beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-Al BEAGLEY-AlI DEBIAN XFCE (RECOMMEN.| CHOOSE STORAGE

Fig. 2.5: Click on CHOOSE STORAGE button

12 Chapter 2. BeagleY-Al Quick Start
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.4 BeagleBoard Imager v2.0.0

Storage

q, Generic- SD/MMC (BOOT, rootfs) - 31.9 GB

Fig. 2.6: Choose your microSD card

2.4. Boot Media (Software image)
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«
>
<
>
X

b 4 BeagleBoard Imager v2.0.0

beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-Al EBEAGLEY-Al DEBIAN XFCE (RECOMMEN. @SENERIC- SD/MMC (BOOT, ROO.]

NEXT

Fig. 2.7: Click on Next button

14 Chapter 2. BeagleY-Al Quick Start
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£ BeagleBoard Imager v2.0.0

Use OS customization?

Would you like to apply OS customization settings?

EDIT SETTINGS NO, CLEAR SETTINGS YES “

Fig. 2.8: Click on EDIT SETTINGS button

2.4.

Boot Media (Software image)
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OS Customization ¥ A v

GENERAL SERVICES OPTIONS

~

X

Set hostname: beagle

Set username and password

Username: Deagle

Password: 00000000

Configure wireless LAN

SSID: mywifi

Password: 00000000

[] show password Hidden SSID

Wireless LAN country: IN
Set locale settings

Time zone: Asia/Kolkata

Keyboard layout: us

SAVE

Fig. 2.9: Edit settings

16
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b 4 0S Customization Y A v

GENERAL SERVICES OPTIONS

A

Enable SSH

(® Use password authentication

O Allow public-key authentication only

Set authorized_keys for 'beagle":

RUN SSH-KEYGEN

Fig. 2.10: Under SERVICES you can enable SSH

2.4. Boot Media (Software image)
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b4 0S Customization ¥ A v A X

GENERAL SERVICES OPTIONS

Play sound when finished

Eject media when finished

[] Enable telemetry

Fig. 2.11: Under OPTIONS you can enable to play sound when flashing is finished

18 Chapter 2. BeagleY-Al Quick Start
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£ BeagleBoard Imager v2.0.0

Use OS customization?

Would you like to apply OS customization settings?

EDIT SETTINGS NO, CLEAR SETTINGS

YES

Fig. 2.12: Select YES to apply settings

2.4. Boot Media (Software image)
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b 4 BeagleBoard Imager v2.0.0 ¥ A v A~ X

Warning

All existing data on 'Generic- SD/MMC (BOOT, rootfs)' will be
erased.

Are you sure you want to continue?

Fig. 2.13: Select YES again to confirm sdCard formatting

20 Chapter 2. BeagleY-Al Quick Start
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«
»

£ BeagleBoard Imager v2.0.0

¢ beagieboard.org

BeagleBoard Operating System Storage

Authentication Required — PolicyKit1 KDE Agent ¥ A ~ A X

fm———2 puthentication is required to open Generic- SD/MMC

us  (/dev/sdb).

An application is attempting to perform an action that requires
privileges. Authentication is required to perform this action.

Password:

@ Details >> © Cancel

Fig. 2.14: Provide password to Authenticate the flashing process

2.4. Boot Media (Software image)
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«
»
<
>
X

b 4 BeagleBoard Imager v2.0.0

beagleboard.org

BeagleBoard Operating System Storage

Preparing to write... (opening image file)
CANCEL WRITE

Fig. 2.15: Download image else automatically open cached image

22 Chapter 2. BeagleY-Al Quick Start



BeagleY-Al

b g BeagleBoard Imager v2.0.0
ﬁ beagleboard.org

BeagleBoard Operating System

Writing... 47%

«
>
<

Storage

CANCEL WRITE

Fig. 2.16: Writing data to microSD card

2.4. Boot Media (Software image)
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«
»
<
>
X

b 4 BeagleBoard Imager v2.0.0
beagleboard.org

BeagleBoard Operating System Storage

Verifying... 24%
CANCEL VERIFY

Fig. 2.17: Verifying flashed microSD card

24 Chapter 2. BeagleY-Al Quick Start
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b 4 BeagleBoard Imager v2.0.0

beagleboard.org

Write Successful

«
>

BeagleY-Al Debian XFCE (Recommended) has been written to
ge Generic- SD/MMC (BOOT, rootfs)

You can now remove the SD card from the reader

CONTINUE

Fig. 2.18: microSD card is ready

2.4. Boot Media (Software image)
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Tip: For more detailed steps checkout the beagleboard-getting-started under support section of the docu-
mentation.

b g balenaEtcher ¥ A v X

." balenaEtcher

©O — A

j722s-deb...-10gb.img Generic S...GE DEVICE

Fig. 2.19: Flashing BeagleY-Al boot image (software image) to microSD card

Once the microSD card is flashed you should see BOOT and root £s mounted on your system as shown in
image below,

Removable Devices
B BooT
&a rootfs

Fig. 2.20: Flashed microSD card mounted partitions

Under BOOT partition open sysconf.txt to edit login username and password.

In sysconf.txt file you have to edit the two lines highlighted below.

2 # user_name — Set a user name for the user (1000)
» fuser_name=beagle O

31

2 # user_password — Set a password for user (1000)
13 ffuser_password=FooBar @

@ If boris is your username, update #user_name=beagle to user_name=boris

26 Chapter 2. BeagleY-Al Quick Start
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Documents

Downloads

GitLab

services
6/4/24 at 12:41 PM

k3-am67a-beagley-ai.dtb
6/4/24 at 12:41 PM

GitHub

overlays
6/4/24 at 12:41 PM

extlinux
6/4/24 at 12:41 PM

=
o
o

=%

k4
=
=
by

Pictures

Videos

Trash
initrd.img
6/4/24 at 12:41 PM

Image
6/4/24 at 12:41 PM

Network

Recent Files

©

Recent Locations

x, x
~E g
- ™

©

Search For

u-boot.img
6/4/24 at 12:41 PM

tispl.bin
6/4/24 at 12:41 PM

Documents
Images
Audio

Videos

Devices

fedora_localhost-live
Enm—

D 1.0 GiB Internal Drive ...
—

Removable Devices

n BOOT

LN

ID.txt
6/4/24 at 12:41

i
6/4/24 at 12:41 PM PM

sysconf.txt tiboot3.bin

Today at 1:31 PM 6/4/24 at 12:41 PM

m rootfs

4 Folders, 8 Files (55.9 MiB)

Fig. 2.21: sysconf file under BOOT partition

Zoom: :O = 195.7 MiB free |

2.4. Boot Media (Software image)
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@ If bash is your password, update #user_password=FooBar to user_password=bash

Important:

1. Make sure to remove # from #user_name= and #user_password= else the lines will be inter-
preted as a comment and your username & password will not be updated.

2. If you do not change your username and passord here then you will not see any output on your HDMI
monitor when you do a Standalone connection setup.

Once username and password are updated, you can insert the microSD card into your BeagleY-Al as shown in
the image below:

Pre-flashed with
BeagleY-Al Linux image

G S ® e
EEEJbe e 3
u

Heooevo
A KX X XN/

Fig. 2.22: Insert microSD card in BeagleY-Al

2.5 USB Tethering

Note: If you are using the board with a fan or running a computationally intensive task you should always
power the board with a dedicated power supply that can supply 5V = 3A (15W+).

As per USB standards these are the current at 5V that each downstream USB port type can (max) supply:
e USB Type-A 3.x port - 900mA (4.5W)
* USB Type-C 1.2 port - 1500mA (7.5W) to 3000mA (15W)

Thus it's recommended to use type-C to type-C cable.

To initially test your board, you can connect the board directly to your computerusinga type—-C to type-C
cable shown in the image below.

28 Chapter 2. BeagleY-Al Quick Start
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’
]
i
i
1
USB Type-C

.....

——————'
P ——

Fig. 2.23: BeagleY-Al tethered connection

2.5.1 SSH connection

After connecting, you should see the power LED glow, and soon just like with other Beagles, BeagleY-Al will
create a virtual wired connection on your computer. To access the board, open up a terminal (Linux/Mac) or
command prompt (Windows) and use the SSH command as shown below.

ssh debian@192.168.7.2

Important: Here debian is the default username, make sure to replace debian with the username
you selected during Boot Media (Software image) preparation step.

Tip: If you are not able to find your beagle at 192.168. 7.2, checkout start-browse-to-beagle to resolve
your connection issue.

Important: If you have not updated your default username and password during Boot Media (Software
image), you must update the default password at this step to something safer.

2.5.2 UART connection

Your BeagleY-Al board creates a UART connection (No additional hardware required) when tethered to a Lap-
top/PC which you can access using Put ty of t 10. On a linux machine it may come up as dev/ttyACM*, it
will be different for Mac and Windows operating systems. To find serial port for your system you can checkout
this guide.

* If you are on linux, try t i o with default setting using command below,

2.5. USB Tethering 29
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$ ssh debian@192.168.7.2
Debian GNU/Linux 12

BeagleBoard.org Debian Bookworm Xfce Image 2024-03-25
Support: https://bbb.io/debian
default username is [debian] with a one time password of [temppwd]

debian@192.168.7.2"'s password:
You are required to change your password immediately (administrator enforced).
You are required to change your password immediately (administrator enforced).

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.

Last login: Mon Mar 25 ©6:56:39 2024 from 192.168.7.1

WARNING: Your password has expired.

You must change your password now and login again!

Changing password for debian.

Current password:

Fig. 2.24: BeagleY-Al SSH connection

tio /dev/ttyACMO
With this you have the access to BeagleY-Al terminal. Now, you can connect your board to WiFi, try out all the
cool demos and explore all the other ways to access your BeagleY-Al listed below.

e Connecting to WiFi

e Demos and tutorials

2.5.3 Headless connection

If you want to run your BeagleY-Al in headless mode, you need Raspberry Pi Debug Probe or similar serial (USB
to UART) adapter. Connect your UART debug probe to BeagleY-Al as shown in the image below. After making
the connection you can use command line utility like £ 10 on Linux of Putty on any operating system. Check
UART connection for more information.

2.5.4 Standalone connection

Important: Make sure to update your username and password during Boot Media (Software image)
preparation step else you'll not see any output on you HDMI monitor.

To setup your BeagleY-Al for standalone usage, you need the following additional accessories,
1. HDMI monitor
2. micro HDMI to full-size HDMI cable
3. Wireless keyboard & mice combo
4

. Ethernet cable (Optional)

30 Chapter 2. BeagleY-Al Quick Start
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P

Category:

Logging
~ Terminal
Keyboard
Bell
Features
v Window
Appearance
Behaviour
Translation
> Selection
Colours
Fonts
~ Connection
Data
Proxy
> SSH
Serial
Telnet

Rloain

PuTTY Configuration

¥ A v A X

Basic aptions for your PuTTY session

Specify the destination you want to connect to
Serial line

Speed

/dev/ttyACMO

Connection type:

‘ 115200

() SSH (®) serial () Other;

Telnet

Load, save or delete a stored session
Saved Sessions

Default Settings

Close window on exit:

(® Always () Never

Delete

() Only on clean exit

‘ About

Cancel

Fig. 2.25: Putty serial connection

2.5.

USB Tethering

31



BeagleY-Al

USB-UART

Fig. 2.26: Connecting Raspberry Pi debug probe to BeagleY-Al

Make sure you have the microSD card with boot media (software image) inserted in to the BeagleY-Al. Now
connect,

1. microHDMI to BeagleY-Al and full size HDMI to monitor

2. keyboard and mice combo to one of the four USB port of BeagleY-Al

3. Power supply to USB type-c connector of BeagleY-Al
The connection diagram below provides a clear representation of all the connections,
If everything is connected properly you should see four penguins on your monitor.

When prompted, login using the credentials you updated during Boot Media (Software image) preparation step.

Important: You can not update login credentials at this step, you must update them during boot media
(software image) micrSD card flashing or USB tethering step!

Once logged in you should see the splash screen shown in the image below:
Test network connection by running ping 8.8.8.8

Explore and build with your new BeagleY-Al board!

2.6 Connecting to WiFi

The onboard BM3301 can connect to any 2.5GHz wifi access point. We have two options to connect to WiFi,
1. nmtui

2. iwctl
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Fig. 2.27: BeagleY-Al standalone connection

Fig. 2.28: BeagleY-Al boot penguins
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Fig. 2.29: BeagleY-Al XFCE desktop login

HApplications [ A0 DL Boagle Usor

Fig. 2.30: BeagleY-Al XFCE home screen
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Dl a2

HAppic

o B Torminal - debionap

A . B X

{32141

i$ ping 8.8.8.8
B.8 {8.8.8,8) 56(84) bytes of data
from 8.8.8.8: icmp_s ttl=118 time=2.82
from 8.8.8 cmp_ ttl=118
from
from 8
o from &
bytes from
Hema) b from 8
bytes from ¢
bytes from
- 4 bytes from 8.8
bytes from

Fig. 2.31: BeagleY-Al network ping test
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Fig. 2.32: BeagleY-Al running htop
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2.6.1 nmtui

* Enable NetworkManager

sudo systemctl enable NetworkManager

* Start NetworkManager

sudo systemctl start NetworkManager

e Start nmtui application
sudo nmtui
» To navigate, use the arrow keys or press Tab to step forwards and press Shift+Tab to step back

through the options. Press Enter to select an option. The Space bar toggles the status of a check
box.

* You should see a screen as shown below, here you have to press Enter on Acticate a connec-
tion option to activate wired and wireless connection options.

NetworkManager TUI

Please select an option

Edit a connection

Activate a connection

Set system hostname

Quit

Fig. 2.33: NetworkManager TUI

There under WiF i section press Enter on desired access point and provide password to connect. When
successfully connected press Esc to get out of the nmtui application window.

2.6.2 iwctl

Once board is fully booted and you have access to the shell, follow the commands below to connect to any
WiFi access point,

* To list the wireless devices attached, (you should see wlan0 listed)
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iwctl device list

¢ Scan WiFi using,

iwctl station wlanO scan

* Get networks using,

iwctl station wlanO get-networks

¢ Connect to your wifi network using,

iwctl —-passphrase "<wifi-pass>" station wlan0O connect "<wifi-name>"

¢ Check wlan0 status with,

iwctl station wlanO show

* To list the networks with connected WiFi marked you can again use,

iwctl station wlanO get-networks

¢ Test connection with ping command,

ping 8.8.8.8

2.7 Attach cooling fan

To attached the Raspberry Pi cooling fan to BeagleY-Al you have to follow these steps,
1. Clean the surface of BeagleY-Al with a microfiber cloth or electronics safe cleaning brush.

2. Gently pull the pre-cut (blue) thermal pads from cooling fan surface and transfer them to the most heating
parts of BegleY-Al like CPU and RAM.

3. Connect the fan cable, then carefully place the flat part of cooling fan on BeagleY-Al. Now, gently apply
force on spring loaded push pins to securely attach the cooling fan.

2.8 Demos and Tutorials

¢ beagley-ai-expansion-nvme
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BeagleY-Al

Cooling fan connection

1 Prepare

the surface of BeagleY-Al

'
|
|
|
I cooling fan and 4P JST SH cable
I <

|

|

|

|

A |
-

2 Transfer

pre-cut thermal pads

Fig. 2.34: Attaching cooling fan to BeagleY-Al
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Chapter 3

Design and Specifications

Todo: Add details about all the schematic sections.

If you want to know how BeagleY-Al is designed and the detailed specifications, then this chapter is for you. We
are going to attempt to provide you a short and crisp overview followed by discussing each hardware design
element in detail.

Tip: For board files, 3D model, and more, you can checkout the BeagleY-Al repository on OpenBeagle.

3.1 Block Diagram and Overview

3.2 Processor

The AM67A processor from Texas Instruments is a highly integrated SoC with an Automotive pedigree. It may
be referenced by Tl documentation by it’s superset J722s/TDA4AEN.

It's primary compute cluster revolves around 4xARM Cortex-A53 Cores running at 1.4Ghz.

An MCU subsystem consisting of an ARM Cortex-R5F running at up to 800Mhz is also available for user appli-
cations and is especially useful for real-time 10 applications.

For very advanced users, two additional R5 cores are also present, but they are normally reserved for Device
and Run-time Management of the SoC typically.

2x C7x DSPs with MMA support are intended for use as Deep Learning Accelerators for things like Al Vision,
with up to 2TOPS each.

An Imagination BXS-4-64 GPU rounds out the compute cluster, with a dedicated video encoder/decoder avail-
able for multimedia tasks.

The SoC features advanced high speed connectivity, including USB3.1, PCle and more.

Secure Boot is also available with the ability burn One-Time-Programmable (OTP) eFUSES by energizing the
VPP test pads.

3.3 Boot Modes

The default boot mode for BeagleY-Al is the SD Card Interface. If no SD card is present, the BootROM on the
AMG67A SoC is going to try booting from Ethernet.
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BM3301-1313 or |[€«—ANT—>|
<—UART1—— €«——UART6——>| WL1835MOD U.FLx2
Hisen l«——MCU_SPI0—»
Expansion ePWM
Connector D e 0—» RTC EXT Batter
40Pin Header MCASP —wkup_izco—» o E <3V i © Y
[€«——WKUP_I2CO—» -33+ onnector
[€———GPIOs——>|
o Yol |y ST
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Fig. 3.1: BeagleY-Al block diagram

40 Chapter 3. Design and Specifications



BeagleY-Al

AMG7Xx

Application Cores MCU Channel Device Management
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Cortex®-A53 Cortex®-A53 Arm®
Cortex®-R5F

Cortex®-R5F with ECC
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General Connectivity and 10
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(32b)

3x MMCSD
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USB 2.0

12C
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PKA
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Al

<
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426KB SRAM with ECC
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System
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Secure Boot DCC RTC

Power
Manager

Fig. 3.2: AM67A block diagram
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Fig. 3.3: BeagleY-Al boot modes

It is also possible to load U-Boot from the SD card and then load your main file system from another source,
such as beagley-ai-expansion-nvme.

3.4 Power

BeagleY-Al's power architecture is split between the TPS65219 PMIC which handles the main logic rails and a
dedicated TPS62872 high current buck regulator for the SoC core rail which defaults to 0.85V on boot.

Both PMIC and VDD_CORE regulators are highly configurable but will boot the board to “sane” defaults out of
box. For advanced users, it is possible to adjust both the VDD_CORE rail as well as 10 rails (voltages, timings,
behavior, etc.) for applications such as low power modes where you may want to trade clock speeds for power
efficiency by running the SoC Core at 0.75V for example. Be careful, as changes here could result in unexpected
behavior, the board not booting or even hardware damage, so tread carefully.

Note: At the time of writing, dynamic voltage switching is not supported by the AM67A SoC.

3.5 Clocks and Resets

BeagleY’s main clock source is a 25Mhz Crystal Oscillator connected to MCU_OSCO pins.

A 32.768Khz “Slow Clock” Crystal is used on the WKUP_LFOSCO domain.

3.5.1 USB-C Power/Data Port

The board is primarily intended to be powered via USB-C. PD Power negotiation is not done dynamically but
rather by tying the CC lines to GND via 5.1KQ resistors to indicate to the PD Source that the device requires 5V
3A. Using USB-PD power supplies rated for higher wattages is safe as they will always negotiate to the 5V 3A
requested by the board.

The USB-C port is configured by default to also show up as a USB2.0 Device which exposes a serial console,
ethernet gadget (for connection sharing) as well as MTP (Flash Drive) so that only one cable is required to use
the board. A Type-C to Type-C cable and avoiding un-powered USB hubs is recommended due to the board’s
power consumption requirements. Inadequate behavior may result in brownouts/resets or other unexpected
behavior.
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Fig. 3.5: BeagleY-Al SoC Reset, Cntrls, and Clk
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Fig. 3.8: BeagleY-Al PMIC

3.5.3 HCPS (High Current Power Stage)
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Fig. 3.9: BeagleY-Al VDD core High Current Power Stage (HCPS)

3.5.4 Analog Rail Decoupling

3.5.5 Digital Rail Decoupling

Note: Other power sections are nested within their specific interface section.

3.5.6 LDOs

While the 3.3V VDD _IO rail is provided by the PMIC, the actual “high current” VSYS 3.3V rail used on the
expansion header and elsewhere in the system is provided by a discrete TPS62A06DRLR regulator.

The 2V5 Rail used by the Ethernet PHY is generated a discrete TPS74801 regulator. This regulator is fed by the
3V3 VSYS regulator.
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Fig. 3.10: BeagleY-Al SoC analog power rail decoupling capacitors
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Fig. 3.11: BeagleY-Al Al SoC IO and DDR decoupling capacitors
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Fig. 3.12: BeagleY-Al SoC VDD & VDDR_CORE decoupling capacitors
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Fig. 3.13:

=0.6V x5.53

=3.318V

BeagleY-Al VSYS 3V3
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Fig. 3.14: BeagleY-Al ethernet power 3V3 to 2V5
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Ethernet PHY: VDD1P0=1.1V, Imax=108mA
USB3.0 HUB: VDD=1.1V, Imax=778mA
Total: Imax = 108mA + 554mA = 886mA
Option 1: VIN_2V5/3V3 = 3.3V

=1.0998V

Power Consumption: (3.3V-1.1V) * 0.886A = 1.9492W

Thermal Junction-to-ambient: 1.9492W * 44.2°C/W=86.15°C
Option 2: VIN_2V5/3V3 = 2.5V

Power Consumption: (2.5V-1.1V) * 0.886A = 1.2404W
Thermal Junction-to-ambient: 1.2404W * 44.2°C/W=54.83°C

Fig. 3.15: BeagleY-Al 3V3/V5 to 1V1 LDO
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The 1V1 Rail used by the PHY and USB 3.1 Hub is generated a discrete TPS74801 regulator. By default, this
regulator is fed by the 3V3 VSYS regulator previously discussed.

3.6 Memory

3.6.1 RAM (LPDDR4)
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Fig. 3.16: BeagleY-Al DDR

BeagleY-Al has 4GB of Kingston x32 LPDDR4 Memory.

Todo: Add Final DDR Part Number

3.6.2 EEPROM

BeagleY-Al features an on-board FT24C32A 32Kbit 12C EEPROM for storing things like board information, man-
ufacture date, etc.

Todo: Add details about specific EEPROM contents and formatting.

3.6.3 microSD Card

The microSD card is the primary boot interface for BeagleY-Al, it corresponds to the MMC1 interface on the
AM67A SoC.
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Fig. 3.17: BeagleY-Al SoC DDRO connections
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Fig. 3.18: BeagleY-Al DDR caps
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F3 VDDQ VDD2 7
F10| VDDQ VDD2 [3
U3 | VDbQ VDD2 7o
Uio] VbDQ VDD2 g2
w1 | VDDQ VDD2 [y
W5 | VDDQ VDD2 N3
Ws | VDDQ VDD2 (g
Wiz | VDDQ VDD2 [N
AA3 | VDDQ VDD2 (g7
AAS vDDQ VDD2 R5
AAS | VDDQ VDD2 g1
VDD1_DDR_1V8 AAT0 vDDQ VDD2 [TR3%
T vDDQ VDD2 5
T4 VDD2 Gg 1
Tg | VDD1 VDD2 [~Aga
U1 | VDD1 VDD2 [~ARg
Giz | VDD1 VDD2
F1-1 vDD1
F12 | VDD1
G4 VDD1
VDD1 DNDDDNDNDDDNDDDNDNDDNDNDDDNDNDNDNDNDNDND NN NN
G9 DDDDDDDDDDDDDDDDDDDDDDDDDDD DD
VDD1 SS5353355353353533535335335335353>
_ [ _ — _ B3221PM3BDGUI-U
2EO[GCBERBEMEESEBBBGECCEBRFETE| bsa200_odss_15xtoximm
4GB,3733Mbps
WFBGA-200

=

Fig. 3.19: BeagleY-Al DDR power
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VDD_IO_3V3
12C 7-bit device address: 0x50 (0b1010000) VDD_10_3V3
u17
[6:1327] BOWKUP 20 SCLaV3  Yy—————I¥ sci vee |2 Gase. R182
[6,13,27]  D11/WKUP_I2C0_SDA/3V3 <>>— SDA 10V, X5R 10K
2 C0201 1%
Vvss R0201
5 - EEPROM_WP _ R175 R
WP R0207 1% < T23/GPIO0_31/EEP_WP/3V3 [16]
FT24C32A-ELRT R184
Pin to Pin: sot23-5 10K —O TP22 Test Point
1% TP60C_SMD Layout Note:
BeagleBone Al-64: 4Kbit, Microchip, 24FCO4HT-I/OT. R0201 TP24 Test Point Place TP22 TP24 To Bottom Side.
DNP O TP60C_SMD Space = 2.54MM

32Kbit, FMD, FT24C32A-ELRT.
Add Silkscreen:
BeagleBone Black: 32Kbit, Microchip, 24LC32AT-I/OT. TP22: E_WP
TP24: GND
32Kbit, FMD, FT24C32A-ELRT.

Fig. 3.20: BeagleY-Al board id eeprom

Load Switch

U1
TPS22918DBVR
5023 6

6 VDD SD 3v3

1 VIN vouT
(6132124  E2TRESETSTATZV3 P o
) ’ ’ Rig ® o
18] EZ5(GPIOT_S0/SD_PWR_ENGVS 3 LU * . s 2
Z Qop C415 C0805
0F =
.~ SOVXTR
coz01
_L one
VoD, MHC1
VDD_MMC1 power is from PMIC T VDD_IO_3V3,
c2
T i« | uSD Card C t
R6 Re Ro Ri2 R21 10V XR R10
47K 47K 47K 47K 47K €0201 u ar onnec or 10K
5% % 5% 5% 5% - 1%
Roz01 RO201 Ro2 Roz0 Roz01 ROz01
il
50 AT
PR 5 o Do o e vl
[14]  H25/MMCT_DAT3/ADJ ] ) = CDIDAT3 sw B 5> B24MMC1_SDCDI3V3  [14]
[14] H2ZMMCT.CMDIAD) onD
spolk  —sq VoD 1
(1 vt D) S B2 AR X oo svor [}
[14] H23MMCI_DATOAD) By i Sopere | baro Shoa 2 08
[14]  H20MMC1_DAT1/ADS 28 2] 0 D_DATT 8 microSD E 36V
/MMCT_DAT1) R0207 % DAT1 SHD4. D0402
N o o TOROSTORTT
- - . . L satoaosiosn =
Layout Note: z z z z =
& Swo 06 BW 5o =
Poce E50 rear 0 Card Camnctor. & SX% 3X% 8X%N X%
2 248 ooi0 ooae & P oosce & N ooaoa
5 5 5 5
2 2 g 3
£ g gl e

Fig. 3.21: BeagleY-Al microSD card interface
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To enable UHS-1 SD card functionality (and speeds!), a load switch is provided which allows the SoC MMC1 PHY
to switch the SD Card IO voltage to 1.8V.

Todo: Explain UHS-1 in more detail and add link to TRM for boot modes and resistor swap options for advanced
users.

3.7 General Expansion

3.7.1 40pin Header

VSYS_3v3_EXP VCC IN_5V

ca c10
00 1000F c3 s
1VXER | 10V XSR 100F 100nF
0603 0201 10VXSR | 10V.X5R
0603 0201

14 =

s h 5.1
GPIO2/SDAT V2
GPIOY/SCL1 GND_8
GPIO4/GCKL TXDO/GPIOT4 F24/UART1_TXDI3V3

GND_1 5 C27/UART1_RXD)

[20] AZ6/UARTI_RTSn3V3 GPIO17/GENO GPIO18 D25/MCASPO_ACLKX/3V3

[16]  N22IGPIO0_3JEXP/3V3 PIO27/GEN: GND_7
TIEVM: Used A25/UART1_CTSn  [16] R27/GPIOD_41/EXP/3V3

[13] ETUMGU_12C0_SDA3VS
[13] BIYMCU_12C0_SCLIV3
[16]  W2G/AUDIO_EXT REFCLK2/3V3

20

20
120

GEN4/GPIO23
GENSIGPIO24,
GND_6

BSIMCU_GPIO0_7IEXPI3V3  [13]
C8MCU_GPIO_1O/EXP/3V3  [13]  TI EVM: Used C5/MCU_GPIO0_8

N2

WKUP_UARTO_TXD

PIO22/GEN:
ava 2

[13]  B12/MCU_SPI0_DO/3V3 GPIOIMOS!

(13 V3 GPIOOMISO GENGIGPIO25 P21/

GPIOT1/SCLK CEQIGPIO8 WKUE UARTO RXD C12MCU va (13
$——57{GND 2 CE1/GPIO7 = Lt B3/MCU_SPI0_CS2/3V3 (13 Tl EVM: Used A10/MCU_SPI0_CS1
. ID_SD ID_SC BOWKUP_I2C0_SCLI3V3 — [6,13,26] =
GPIOS GND_5
GPIOS GPIOT2 c2o MO_BAV3 (20
GPIOT3 ND_4

P01 GPOTS ASUARTI TSV (20 TI EVM: Used R27/GPIO0_41
Ghi02s ahio20 FOIMOASFD AXROINS  20]
91 o3 Ghioet B2SMOASPO AXRIVS  [20]

Feader 220 780
heador2x20p_ 2454 6o

Fig. 3.22: BeagleY-Al user expansion connector

BeagleY-Al features a 40-pin GPIO Header which aims to enable compatibility with a lot of existing Raspberry
Pi HAT add-on boards. See pinout.beagleboard.io for a more comprehensive view of the 40 pin GPIO header,
available pin functions and tested accessories!

Todo: Add link to docs on building expansion accessories.

3.7.2 12C

By default, 5 different 12C interfaces are exposed, all of which feature external 2.2KQ pull-up resistors. 3 of the
interfaces are used by the CSI, DSI and OLDI ports for Cameras & Displays. The remaining 2 ports are exposed
on the 40pin GPIO expansion connector.

The MCU_I2CO0 interface is intended as the primary external I12C interface for BeagleY-Al and matches physical
pins 3 and 5 of the header. Most HATs will use these pins.

While WKUP_I2CO is also exposed on the 40pin Header (physical pins 27 & 28), that bus is shared with several
on-board devices, namely the PMIC, VDD_CORE regulator, Board ID EEPROM and RTC. As such, it is highly
advisable to leave these pins unused unless you are sure you know what you are doing. These pins are normally
only pinned out as a “HAT EEPROM detect” for RPi HATS that provide such functionality (of which there are very
few)

See pinout.beagleboard.io/pinout/i2c for a more visual explanation.

3.7.3 USB

BeagleY-Al features a USB3.1 HUB that provides 4 total USB3.1 Ports from a single USB3.1 Gen-1 (5 Gbps)
SERDESO lane.
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BeagleY-Al

WKUP_I2C0O

12C0

T
AMG67A
SOC

12C1

12C2

MCU_I2C0

Fig. 3.23: BeagleY-Al I12C tree

VDD_IO_3V3
2.2K 2.2K
WKUP_12C0_SCL
>
WKUP_I2C0_SDA
< >
; A 4 v v ; v A 4
PMIC DCDC HCPS Board ID EEPROM EXT RTC User Expansion
TPS6521910RSM TPS62872Q FT24C32A-ELRT DS1340U-33+ Connector
(0x30) (0x40) (0x50) (0x68) 40Pin Header
VDD_IO_3V3
Map Legend:
2.2K 2.2K
IC
12c0_sct > FPC 22Pin
12C0_SDA Connector
< > CS11/DS10
Connector
VDD_IO_3V3
HDMI Transmitter
2.2K 2.2K IT66122FN/CX
(0x98)
A
12c1_scL » Level Translator 12€1_sclL/1v8 » FPC 40Pin
12C1_SDA PCA9306DQE 12C1_SDA/1V8 Connector
< > < >
l »’|__OrTCA9801DGK [ v OoLDI
VDD_IO_3V3
2.2K ﬁ 2.2K
1262 3cL » FPC 22Pin
12C2_SDA Connector
< >
l » Cslo
VDD_IO_3V3
2.2K 2.2K
MQ_12¢co_scL > User Expansion
MCU_I2CO_SDA Connector
< >
il ld 40Pin Header
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VDD_IO_3V3

Option 1: PCA9306DQER

VDD_IO_1v8

R326 VDD_IO_1V8
200K c417
1% U31 100nF
R0201  PCA9306DQER 10V, X5R
T22/GPI00_22/12C1_EN/3V3 Lsont et b S cozot
¥ | R329 200K_DNP 7 2 =
ROZOT % VREF2 VREF1
8 1 en
C24/12C1_SCL/3V3 6 3 12C1_SCLAV8
scL2 scu
A22/12C1_SDA/3V3 5 z 4 12C1_SDA/1V8
SDA2 & SDA1
C416 Rpu=2.49K//10K=2.49K*10K/(2.49K+10K)=2K

100pF
50V,NPO

0201

IIC voltage-level

translator:

1

Option 1: TI_PCA9306DQER, if there are pull-up resistors on the OLDI LCD, must install U31.
As there are 10K pull-up on the OLDILCD, so install U31 default.

Option 2: TI_TCA9801DGKR, if there are no pull-up resistors or current source on the OLDI LCD, can install U7.

VDD_I|(_)_3V3 VDD_IO_1V8
C72 C74
100nF 100nF
10V, X5R 10V, X5R
C0201 C0201
DNP DNP

— ©
C24/12C1_SCL/3V3 12C1_SCL/1V8
= 21 scLa S 8 scus z =
A22/12C1_SDA/3V3 3 g g 6 12C1_SDA/1V8
SDAA SDAB |
1 R63 10K _DNP 5 a Review Note:
VDD_I0_3v3 | R0201 1% EN (ZD The only requirements are that no external source of current
[16] T22/GPI00_22/12C1_EN/3V3 > SSO OR_DNP - (pull-up resistor or current source) be on the B-pins of the TCA980x.
0201 1% u7

R65 TCA9801DGKR
100K vssop8_0d65_3x3x1_1mm
1% DNP
R0201 =
DNP

Option 2: TCA9801DGKR

Fig. 3.24: BeagleY-Al voltage level translator

voD:

Voitage: MIN=0.99V, TYP=1.1V, MAX=1.26V
Current: 3.0 host / 4 S Devices and Hub in UO: 778mA Max.

Vo33
Voltage: MIN=3V, TYP=3.3V, MAX=3 6V

Gurrent: 3.0 host / 2 SS Devices in UD and 2 HS Devices: 99mA Max. oo
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% E b scusumou
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o
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R e e wewer wl
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(6132426 EZIRESETSTATZOV Y———t -
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i | SRSy
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5 = G (| zr - X e
C0201 | [Z5V.NPO. x
xz o
Yo o T
S B
%o
= 80
= SsaTITRGT

1 L
e g|
B o= To TYPE-A CONN#1
EEEH] uss_op ON1 [ — ; uss1ONIDP (22
§§§§ USB_DM_DN1 o UsB1 DN (2]
usa_ssrxp ont [ usst sscont e 21
USESSTaon fetaetiunte ]
usa_ssrue ot 15 usst ssrx ot e )
SESSRBN ettt
pwRCTLIBATEN! [ PuRCTLIBATEN! (22
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0S8 D v S B
uss ssTxp onz ussi ssconz P 21
U8 SSTan v USScu
USB_SSRXP_DN2 e USB1_SSRX DN2 P [22]
USESSRarons et
PWRCTL2BATEN? [
uss_oP_ON3 | USBIDN3D P (22
vt S B
USB_ SSTXP DN [ Y sy
U85 SSmarons i tetiatea ]
US5SSR0 oNs USSiSSucouN (28
PwReTLYBATENS [
Snouni: 2
2 o= To TYPE-A CONN#2
usa_op one [ u ussioneo e 2
eyt it ]
usa_ssvie one [22 usst ssrconip 2l
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A vss

Review Note:
‘The Pin OVERCUR'Z can be eft unconnected if power management is not implemented.

Fig. 3.25: BeagleY-Al USB3 hub
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VDD_IO_3V3
R248 R246 R247
4.7K 4.7K 4.7K
5% 5% 5%
R0201 R0201 R0201 NOTE :
# 1 USB1_HUB_AUTOEN#
#2 USB1_HUB_PWRCTR_POL
#3 USB1_HUB_FULLPWRMGMT#
#4 USB1_HUB_GANGED
USB1_HUB_TEST
R238 R236 R235 R237 R241 NOTE :
4.7K 4.7K 4.7K 4.7K 4.7K ] 3
5% 5% 5% 5% ot #1 Automatic Charge Mode Disabled
Roaot | Roaor | RO0T | Re2T | RO0T 42 PWRCTL Polarity is Active High

#3 Power Switching and Overcurrent Inputs Supported
#4 Individual Power Control Enabled

Fig. 3.26: BeagleY-Al USB hub config

Note: ATB pins to
be left unconnected

SERDESO Bi8  SERDESO TXOP
,,,,,,,,,,,, SERDES_TXO_P
(VDDA_0PSS_SERDES)

ST | covp o17 (VDDAOPB5_SERDES_C) ~ SERDESO_TXON W{ [10V.X5R
X2 RSvo b1 (VODA-1P8 SEROES) seroESo_Ro0_p | ATS__ SERDESORXO P 0 L3 USBC_SS RX0P  [21)
SERDESO_REXT cerorsn oo | A2 SEROESO RO N i=09= ;ggg‘ gs ust XN @1
seroe s A4 _SIOE ST O, Tnpom
SeroEso ReFoLKo.N seroeso perol Ot o™
S
-
R
Fig. 3.27: BeagleY-Al SoC SERDESO
U26P
USBO_DP
USBO & USB1 USBO_DP AAG )| .
"""""""""" (VDDA_CORE_USBO) ABS USBO_DM i=Loy—=
(VDDA_1P8_USBO) USBO_DM =
(VDDA_3P3_USBO)
w7 USBO_VBUS_SOC
USBO_VBUS
USBO_RCALIB
= ARS USBO_RCALIB £25
USB1_RCALIB E18 USBO_DRWBUS [—=>——>) E25/GPIO1_50/SD_PWR_EN/3V3  [26]
USB1_RCALIB 3.3y (VDDSHVO)
USB1_DP
Z‘JQ"R uss1_op 217 = - X>> USB1HUBD P [21]
bt (VDDA_CORE_USB1) 17 USB1 DM =)=
RO201 (VDDA_1P8_USB1) USB1_DM = <> USB1_HUBD N [21]
(VDDA_3P3_USB1)
= F18 USB1_VBUS_SOC
- USB1_VBUS
B27
USB1_DRVVBUS >> USB1_DRVWBUS  [21]
3.3V (VDDSHVO)
F25
3.3V (VDDSHVO)  PCIEO_CLKREQN K F25/PCIE_CLKREQN/3V3  [26]
J722S5AAMW
BGA594_0d65_18X18mm
FCBGA594

Fig. 3.28: BeagleY-Al SoC USBO and USB1
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VBUS_5V0_TYPEA ~ J20
122 90R 280mA UBF30-D2112
[21] USBIDN4 DN < 4 AN 3 USB3 0 2d0 17 5x13_78x15_49mm_slot
[21] UsBIDN4D P < 1len~~n 2 ‘ ‘ T USB1_DN4 DN VBUS_1
12012 DLW21SNS00HQ2L T_USBT DA D_P S'FH TJusez
GND
123 90R 280mA 21
2 T_USB1_SSRX_DN4_N 4 TAB_1
[21] USBI_SSRXDN4 N  <<- o TUSBT-SSRY-DNEF RX_N_1 2
4 3 T TAB 2
[21] USB1_SSRXDN4 P << AR T USB1_SSTX DNA N UsB3
L2012 DLW21SN900HQ2L — T _USBI_SSTX._DN4_P,
L20 90R 280mA US_BC;TVPEiAiTOP
[21] USBI_SSTXDN4N 3 L R 5 £ 3
A~ Y| o) o o o o
[21] USB1_SSTXDN4 P N < e 2
12012 DLW21SN900HQ2L g g g
pid] pdl pdl
8 D28 2 8 D26
o ESD122DMXR 2 ESD122DMXR 2 ESD122DMXR
2 3.6V 2 3.6V 2 36V
5 - s s
& & &
2 S S
121 90R 280mA
4 3
[21] USBIDN3 DN <K D USB3_TYPE_A_BOTTOM
1| o~ | 2
[21] USB1DN3D P < * B USB1 DN3 D N
12012 DLW21SN900HQ2L ‘ B USBT DN3 D_P
7
124 90R 280mA
[21] USBI_SSRXDN3 N < 1 2 R i AR g
4|0 3 — 7
[21] USB1_SSRX_DN3_P < A0 B_USB1_SSTX_DN3_N 8
L2012 DLW21SN900HQ2L — B USBT_SSTX.DN3.P 9
119 90R 280mA
1 2 £ £ £
[21] USB1_SSTXDN3 N PAANS Sl o Sl o Fol R324 R
[21] USB1_SSTXDN3 P 4 e~~~ |3 2 < < R0805 5%
E g z €360 | |4nF
12012 DLW21SN900HQ2L w‘}E }E w‘}E }E w‘}E C1206 | [2KV.X7R
o o o
| | |
2 D27 2 D30 2 D25 /7
3 2 2 -
< ESD122DMXR <) ESD122DMXR <) ESD122DMXR USB_TYPEA:
o o o -
2 36V 2 3.6V 2 3.6V
g g g
& & &
< < <
Fig. 3.29: BeagleY-Al USB-A Connector 1
VBUS_5VO_TYPEA  J21
L17_90R 280mA UBF30-D2112
[21] USBLDNZDN << s L 3 USB3 0 2d0 17 5x13_78x15_49mm_slot
1| o | 2
[21] UsB1DN2D P < * “ T_USB1_DN2 DN VBUS_1
12012 DLW21SN900HQ2L T_USBTDNZD_P 82‘1 Jusez
GND
128 90R 280mA 21
21 B1_SSRX_DN2_N 1 2 T_USB1_SSRX_DN2_N 4 TAB_1
[21] USB1_SSRX DN2 N << SAANS T-USBT SSRX DNZ P 5| RX_N_1 22
4 | o3 ] 5 RXCP1 TAB 2
[21] USB1_SSRXDN2P  <4- T USB1 SSTX DN2 N & ond UsB3
L2012 DLW21SN900HQ2L — T _USBI_SSTX._DNZ_P, 5 ] TX N1
TXP_1
L26 90R 280mA USB3_TYPE_A_TOP
[21] USB1_SSTXDN2N 12 3 £ £ N
4o 13 I o S| o ol
[21] USB1_SSTXDN2 P H 2 2
12012 DLW21SN900HQ2L @}E }E 5%{ }E éa{
o o o
| | |
3 D34 3 D35 2 D32
i ESD122DMXR 2, ESD122DMXR <) ESD122DMXR
2 3.6V 2 3.6V 2 36V
& « s s
& & &
< < <
127 90R 280mA
4 3
[21] USBIDNIDN <O D USB3_TYPE_A_BOTTOM
1| o~V | 2
[21] UsBIDNIDP < ‘ B USB1 DN1 D N VBUS 0
12012 DLW21SN900HQ2L B_USBT_DNT_D_P gg-g Juss2
4| DR 19
GND TAB 3
L18 90R 280mA =
1 2 B_USB1_SSRX_DN1_N 20
[21] USB1_SSRXDN1N <4 AAN ST SSRRONT P RX_N_O TAB 4
4 o~ 3 T — RX_P_0
[21] USB1_SSRXDN1P << B USB1 SSTX DN1 N (%,:DNO UsB3
2 DLW21SNG0C B_USBT_SSTX_DNT_P CN_
L2012 DLW21SN900HQ2L _USBT_SSTX_DNT] TXPO
125 90R 280mA /
[21] USB1_SSTXDNIN 3 2 g £ £ 122 "R
5 5 5
4 3 o o o o o o R =
[21] USB1_SSTXDNT_P < g 9 -
< < < C237_| [1nF
L2012 DLW2TSN900HQ2L ‘D‘}E }E w‘}E }E m‘}E C1206 | [2KV.XTR
o o o
I I I
2 D33 2 D36 2 D31 7
2 2 2
o ESD122DMXR i ESD122DMXR I ESD122DMXR USB_TYPEA1_EARTH
2 36V 2 36V 2 36V
& & &
< < <

Fig. 3.30: BeagleY-Al USB-A Connector 2
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VDD_IO_3V3

R110
100K

1%

[21] OVERCURIz <K

o
R0201

VCC_IN_5V C221 100nF
C0201 | [10V,X5R

p C232 10uF
C0603 | [10V,X5R

ut1 =

TPS2561DRCR

IN1 ouT1
IN2 OuT2

ik

[21] PWRCTL1/BATEN1 >

[oll=]
|
>
c
—

X—— FAULT2

Tm:a
m
z
~
Gl
E

VBUS_5V0_TYPEA

TPS2561_ILIM

L C404
~150uF
10V, Tantalum
AVX_C

Y

C411

=—100nF

10V,X5R
0201

ke C402

~T~150uF =

10V, Tantalum
AVX_C

C408

— 100nF
10V,X5R
C0201

R99 - R109
10K 20K

1% 1% =
R0201 R0201

= Ilimit is set to 2800mA

Fig. 3.31: BeagleY-Al dual USB current limiter

BeagleY-Al features a dedicated USB current limiter that will prevent the Type-A ports from drawing power in
excess of 2.8A.

3.7.4 PCI Express

BeagleY-Al features an RPi 5 compatible PCle connector rated for PCle Gen2 x1 (5GT/s) connected to SERDES1
on AM67A.

Note: Just like the Raspberry Pi 5, while the AM67A SoC is capable of PCle Gen3 (8GT/s), the choice of
cable/connector means that some devices may not be able to run at full Gen 3 speeds and will need to be
limited to Gen 2 for stable operation.

3.7.5 RTC (Real-time Clock)

BeagleY-Al has an on-board 12C RTC that can be powered by an external RTC for accurate time-keeping even
when the board is powered off. For more information, see the corresponding docs page - beagley-ai-using-rtc

3.7.6 Fan Header

BeagleY-Al features a Raspberry Pi 5 compatible Fan connector. The fan is software PWM controller in Linux by
default to maintain a balance between cooling and noise depending on SoC temperature.

3.8 Networking

3.8.1 WiFi / Bluetooth LE

BeagleY-Al features a Beagle BM3301 Wireless module based on the Texas Instruments CC3301 which features
2.4Ghz WiFi6 (802.11AX) and BLE 5.4

Note: 5Ghz WiFi Bands and Bluetooth Classic are not supported by the CC3301.
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Fig. 3.32: BeagleY-Al USB VBUS resistor divider circuit
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Fig. 3.33: BeagleY-Al PCIE connector
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Fig. 3.35: BeagleY-Al 12C ext RTC
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Fig. 3.36: BeagleY-Al fan connector
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Fig. 3.37: BeagleY-Al WiFi module
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Fig. 3.38: BeagleY-Al SoC MMCO, MMC1, and MMC2

3.8.2 Ethernet

BeagleY-Al is equipped with a 1 Gb (10/100/1000) DP83867 Ethernet PHY connected over RGMII.
BeagleY-Al uses an RJ45 ethernet connector with integrated magnetics.

Optional PoE (Power over Ethernet) can also be used with compatible 3rd party HATs designed for the Raspberry
Pi 5.

Note: Only Pi 5 PoE HATs are compatible, as Pi 4 and previous designs have the PoE pins in a different location.

3.9 Cameras & Displays

BeagleY-Al is capable of driving up to 3 Displays (HDMI, OLDI/LVDS & DSI) simultaneously.
e HDMI via DPI Converter up to 1920 x 1080 @60FPS
e OLDI/LVDS up to 3840 x 1080 @60FPS (Dual Link, 150-Mhz Pixel Clock)
e DSl up to 3840 x 1080 at 60fps (4 Lane MIPI® D-PHY, 300-MHz Pixel Clock)

It also features 2 CSl interfaces and can support up to 8 Cameras using Virtual Channels and V3Link.

Note: The CSI1/DSIO 22-pin port is muxed between the two interfaces like the RPi 5, meaning that you must
chose if it's used as a Display or Camera port. The CSIO 22-pin connector can only be used as a Camera port.
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Fig. 3.39: BeagleY-Al ethernet DP83867

3.9.1 HDMI (DPI)

BeagleY-Al has a single HDMI 1.4 port capable of up to 1080p @60FPS with Audio. This is achieved using an
external Parallel RGB (DPI) to HDMI converter from ITE.

Because the DPI interface is used up by the HDMI converter, it does mean that DPI is not available on the 40Pin
GPIO header.

3.9.2 OLDI (LVDS)

The OLDI connector on BeagleY-Al has the same pinout as the one used by Beagle Play, meaning the same
displays are compatible.

3.9.3 DsSI

The DSIO port is shared withe CSI1 and selectable via a MUX switch to maintain Pi functionality. It features
the same pinout found on the 22-pin DSI connector on RPi5 and BeagleBone Al-64 and enables connectivity to
existing supported DSI displays.

Please note that DSl is only available on the second of the two 22-pin “CSI” connectors.

3.9.4 Csli

To maintain a Pi compatible form factor, BeagleY-Al only exposes 2 of the 4 physical CSl interfaces of the AM67A
SoC. Each CSlinterfaces is MIPI® CSI-2 v1.3 + MIPI® D-PHY 1.2 with 4 Data Lanes running at up to 2.5Gbps/lane.
The interface also supports up to 16 Virtual Channels for multi-camera applications using FPDLink or V3Link.

3.10 Buttons and LEDs

BeagleY-Al features a single dual-color (Red/Green) LED for Power/Status indication.
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Fig. 3.40: BeagleY-Al ethernet connector
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Fig. 3.41: BeagleY-Al SoC RGMII
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Fig. 3.43: BeagleY-Al Ethernet PHY caps
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Fig. 3.44: BeagleY-Al Ethernet PHY misc
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Fig. 3.45: BeagleY-Al Ethernet PHY protection
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Fig. 3.46: BeagleY-Al PoE header
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Fig. 3.47: BeagleY-Al RGB888 to HDMI

U26Q

VOouTo

(VDDSHV3) 3.3V

VOUTO_DATAO
VOUTO_DATA1
VOUTO_DATA2
VOUTO_DATA3
VOUTO_DATA4
VOUTO_DATAS
VOUTO_DATAG6
VOUTO_DATA7
VOUTO_DATA8
VOUTO_DATA9
VOUTO_DATA10
VOUTO_DATA11
VOUTO_DATA12
VOUTO_DATA13
VOUTO_DATA14
VOUTO_DATA15

VOUTO_PCLK
VOUTO_DE
VOUTO_HSYNC

VOUTO_VSYNC

W27

W25

W24

W23

W22

W21

Y26

Y27

AA24

AA25

AB25

AA23

AA22

AB26

AB27

AC26

AC27

>

AB24

>

AB23

>

XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA59%4

Fig. 3.48: BeagleY-Al SoC VOUT
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u19
HDMI_TX2+ 1 | cH1 NC1 | 10 HDMI_TX2+ HDMI_TX0+ 1 | cH1 NC1 | 10 HDMI_TX0+
HADOMI_TXZ 2 | che NC2 [g _TX2- HDMI_TX0- 2 | che Ne2 [9 _TX0-
HDMI_TX1+ 4 | cus Nes | 7 HDMI_TX1+ HDMI_TXC+ 4 | chs Nes | 7 HDMI_TXC+
HDMI_TX1- 5 | cha Ned [T _TX1- “HDMT_TXC- 5 | cha NCa [ TXC-
GND1 GND2 GND1 GND2
o) © TPD4E05U06DQAR ol | TPD4E05U06DQAR
5.5V 5.5V
uson10_0d5_2d5x1x0d5mm uson10_0d5_2d5x1x0d5mm
Fig. 3.49: BeagleY-Al HDMI addr protection
U4 DNP VLDO2_1V2 VDD_1V2
TLV75512PDBVR '|'
SOT23-5 VDD_LDO_1V2 FB28 /) 120R
'|' 10402 ¢/ 13A
5 . FB29 /) 120R _DNP
IN out v 10402 / 1.3A
4 FB_ R35 C20 c21
EN , FB DNP 2.20F 100nF
z 1% 10V, X5R 10V, X5R
© R0201 €0402 €0201 TP8
~ DNP DNP DNP Test Point
TP40C_SMD
. R34 .
?ul/\lP Review Note:
b
5%2;)1 HDMI: VDD_1V2, Imax=46.01mA

Option 1: VDD_1V2 = VLDO2_1V2, from LDO2 of PMIC TPS6521910.
Option 2: VDD_1V2 =VDD_LDO_1V2, from external LDO U4.

Fig. 3.50: BeagleY-Al HDMI power

VDD_IO_3V3
VDD_IO_3V3
VDD_IO 3V3
C41
——100nF
R55 10V, X5R R57
10K _| o201 10K
1% = o 1%
R0201 R0201
O DNP
1 O
[13] B2/MCU_GPIO0_13/HDMI_RSTn/3V3 D, A 4 HDMI_RSTn
[6,13,21,26] E27/RESETSTATZz/3V3 > 2 B Z U6
R54 O SN74LVC1G08DCKR
10K | DCK5_2P15X1P4
1%
R0201
DNP =
Fig. 3.51: BeagleY-Al HDMI reset
68

Chapter 3. Design and Specifications



BeagleY-Al

vzl 9|
oLbl AG24. OLDI0_AD P 13
ot R b E
178 Az o100 A1 P
Stbioam | Ao L St £
ne21 oLz p
sn I e ;
AG21 OLDI0_A3 P 10
g sn pASE— et 2
AC21 OLDI0_Ad_P 13
SR B
] OLOI0 A5 P 040_005 25, 4x5_25czmm
SiBiohon [ A1 ey v
A 01010 6 P I
SBARR Fas—1 OLOM AT »
AA20. OLDI0_A7_P 22
OLDI0_A7P [~3R1g" 1 TOT_AT N 23
LD ATN = — 24
oLDw_ctiop —————— o2 o %
LD CLKON — o 7
OLDI0_CLK1P St SoC_OLDICLKILE OLDIO_CLK1 P g
Rt o GO -CIRT ST OLOM-CrRT 3
TSR PR NI 2
BGAS94_0d65_18X18mm ko
FeacK JEE=L e 5
TZCT_SCUTVE TE SCL 1Ve *®
SDMMOBOBH-2-900T 4
0650 6 508
vee i sv 32
R226 3|
SEST S S cos | om
< w S < T = 000F
o Roz01 | Roz01 VIR | TovsR
coes | cozon
Fig. 3.52: BeagleY-Al SoC OLDI
U26E
J00!
[ —— AE17 DSI0_TXCLK_P
DSIO_TXCLKP AE16 1] DSI0_TXCLK_N
(VDDA_CORE_CSI_DS|) ~ DSIO_TXCLKN o
B16 | ovp a1 (VDDA CORE_CSI_DSI_CLK) oo 1xpo |-ARI8 VA DSI0_TX0_P
B18 ~ (VDDA_1P8_CSI_DSI) ~ AD17 ] DSI0_TXO_N
RSVD_AB18 — -0 = DSIO_TXN
100
DSI0_TX_CALIB  AA16 AF16 DSI0_TX1_P
DSI0_TXRCALIB DSIO_TXP1 [~AE75 i DSI0_TXT N
DSIO_TXN1
100
R74 AG15 DSI0_TX2_P
499R DSI0_TXP2 A&7 ] DSI0_TXZ N
1% DSI0_TXN2
100!
R0201 AC19 DSIO_TX3_P
DSI0_TXP3 [—AGT8 ] DSI0_TX3_N
DSIO_TXN3 M
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.53: BeagleY-Al SoC DSIO TX connections
VDD_I0_1v8
TMUX646ZECR nFBGA36 1 =l
DSBGA36 0d4 2 45x2 45x0 5mm c14s 150 5 =
" n =5 -2.2uF 100nF
[14] L23/GPIO0_1/DSI_CSI_OE/1V8 OE VDD 10V,X5R 10V,X5R
. . PR
[14]  L22/GPIO0_2/DSI_CSI_SEL/1V8 ) 26 | seL oD |22 €0402 co201 Esljgsl,gg,g s ®a
= — 3
R78 DSI0_TXCLK_P - DSICSI_D1_N 4
10K . CLKAP K F6 DSI/CSI_CLK_P DSICSI DT P 5
1% ——— | CLKAN CLKP [ 6
R0201 CSI1_RXCLK_P F2 CLKN DSICSI_CLK_N 7
—TCSITRXCIKN —Fi ] CLKBP  —o DSITCSI_CLR_P. 8
= ———=————— | CLk8N 9
N DSI/CSI_D2_N 10
DSI0_TX0_P E4 DSICSI_DZP "
) TXU] E3 | DAP K E6 DSI/CSI_DO_P 12
———————>DAIN D1P [ D07 DSICS|_D3 N 13
CSI1_RX0_P. E2 DIN DSITCST D3 P 14
L e 4 Y e
[20]  D22/GPIO1_24/CSI_GPIO1/3V3 ; :ggg gz ::E xg 17
DSI0_TX1 P D4 [20] C22/GPIO1_25/CSI_GPIO2/3V3 ROOT % ' 18
DA2P " 19
LS AL N Ve NG Mo B i il VSYS_3v3_EXP [20] D23/12C0_SCL/3V3 20
Csi1 RX1 P D2 D2N = [20]  B22/12C0_SDA/3V3 21 93
CSITRXTN “D1]DB®  —o 2 Lo
DB2N Lcm Lcm = 6 el
10uF 100nF MTFP65-822SWN-19A72 I (I
DSI0_TX2_P B4 10V, X5R 10V, X5R FPC22_0d5_16_7x3 5x3_95mm_90D  @|®|
_TX2] B3 | DASP A Ce  DSICSI D2 P CO6 C0201
————————" DA D3P |2 TCST D7
CSI1_RX2_P c2 D3N L
—CSTRC N Gr| DB  —e =
————— | DB3N
DSI0_TX3_P A4
)_TX3] A3 | DA4P K B6 _ DSICS| D3 P
———————" DA\ D4P |55 TCSID3T
CSI_RX3 P B2 D4N
TCSTRGN — B1| DB —o
——=—=———" D8N ca
NC_1 g%
NC2 X
OE:

L: Output enable
H: /0 pins High-Impedance

- CLK(P/N) = CLKA(P/N),
H: CLK(P/N) = CLKB(P/N),

Dn(P/N) = DAn(P/N)
Dn(P/N) = DBn(P/N)

Fig. 3.54: BeagleY-Al RPI DSI/CSI
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~— |\
I|T
o0 =
1 —~ )
CSI0_RX0_N 211 I
TSI0_RX0_P 3 g » D
4
CSI0_RX1_N 5|4
TSI0_RXT P 6 g
7
CSI0_RXCLK_N s |7
CSI0_RXCLK P 9 g
10
CSI0_RX2_N 11 | 10
TS0 RXZ P 12 | 11
731 12
CSI0_RX3 N 74113
T30 RX3 P 15 | 14
16|12
16
17
[13] C1/MCU_GPIO0_15/CSI_GPIO1/3V3 - 17
[13] BIMCU GPIOO_16/CSI GPIO2/3V3  S—B28 A AR L RPINC 18 1,
19
VSYS_3V3_EXP [16] P22/12C2_SCL/3V3 > S E
[16] P23/12C2_SDA/3V3 ( 55121 %
2 Hon
C126 C355 = J15 <
——10uF  ——100nF MTFP65-822SWN-19A72 T[T
10V,X5R 10V,X5R FPC22_0d5_16_7x3_5x3_95mm_90D o
C0603 C0201

Fig. 3.55: BeagleY-Al RPI CSI
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U26F

Note: ATB pins
to be left unconnected
AB7
H
AC5

CSI0_RX_CALIB AB8

CSI0 - RX

AC6
AC7

CSI0_RXCLK_P
TSI0_RXCIK_N

CSI0_RXCLKP

(VDDA_CORE_CSI_DSI) CSI0_RXCLKN
(VDDA_CORE_CSI_DSI_CLK)
(VDDA_1P8_CSI_DSI)

AD5
AD6

CSI0_RX0_P
TSI0_RXO_N

RSVD_AB7
RSVD_AC5

CSI0_RXPO
CSI0_RXNO

AE4 CSI0_RX1_P

E%b

B10
12

CSI1_RX_CALIB  AA10

CSI0_RXRCALIB CSI0_RXP1 [-Ags5 CSIORXTN
CSI0_RXN1 —

H
o
o

AF3
AF4

CSI0_RX2_P
TSI0_RXZ_N

CSI0_RXP2
CSI0_RXN2

AG2
AG3

CSI0_RX3_P
TSI0_RX3_N

CSI0_RXP3
CSI0_RXN3

AG5
AG6

CSI1_RXCLK_P
TSIT_RXCIK_N

RSVD_AB10
RSVD_AA12

CSI1_RXCLKP
CSI1_RXCLKN

AF6 CSI1_RX0_P

CSI1_RXRCALIB CSI1_RXPO

CSI1_RXNO AF7

TSIT_RXO_N

AE7
AE8

CSI1_RX1_P
TSM_RXT N

CSI1_RXP1
CSI1_RXN1

AD8
AD9

CSI1_RX2_P
TSI RX2_N

CSI1_RXP2
CSI1_RXN2

%5

CSI1_RX3_P
CSIT_RX3_N

AC9
AC10

CSI1_RXP3
CSI1_RXN3

A
A

G9
G8

l

RSVD_AB12
RSVD_AB13

CSI2_RXCLKP
CSI2_RXCLKN

AF1

CSI2_RXRCALIB CSI2_RXPO

CSI2_RXNO AP

lLl

AE1

CSI2_RXP1 [~3E7

CSI2_RXN1

AD1

CSI2_RXP2 [FAD1

CSI2_RXN2

AC1

CSI2_RXP3 [-A&7

CSI2_RXN3

LLLLLL

RSVD_AA15
RSVD_AA14

CSI3_RXCLKP
CSI3_RXCLKN

AF1

R71
499R
1%

R0201

B12

B13

CSI2_ RX_CALIB  AB14

R72

499R

1%

R0201

15

14

CSI3_RX_CALIB  AB15

R73

499R

1%

R0201

CSI3_RXRCALIB CSI3_RXPO

CSI3_RXNO AP

>>
LLL%E

AE1

CSI3_RXP1 [~AE+

CSI3_RXN1

AD1

CSI3_RXP2 357

CSI3_RXN2

LLLL

AC1

CSI3_RXP3 A&7

CSI3_RXN3

LL

XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594

Fig. 3.56: BeagleY-Al SoC CSI1, CSI2, and CSI3
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VCC_IN_5V VDD_IO_3V3
R330
1.69K R124 0 R123
1% 680R > 300R
R0402 1% 1%
DNP R0402 [ RO0402
Pyl
+ +
Q2
CJ1012 ® -
SOT 523 |3 T @
20V 500mA o &
LED1
% W W [XL-3210SURSYGC
[14] K26/GPIO0_11/PWR_LED/1V8 > g g [ED4_3_2x1_5x1_Omm
10K |
1% =
R0201 ®

L

Q1
(I:ﬂ CJ1012
> R4 OR 1, SOT_523

Ro2o1T 19, 7 "IV 20v 500ma
R1 2
10K B
1% =
R0201

Fig. 3.57: BeagleY-Al LEDs

[14] K23/GPIO0_12/ACT_LED/1V8
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3.11 Debug Ports

3.11.1 JTAG Tag-Connect

VDD_IO 3V3 VDD 10 3V3
-
C412
——100nF
R315 R317 10V, X5R R316 R314
4.7K 4.7K _|_co0201 10K 10K
5% 5% — 1% 1%
R0201 R0201 R0201 R0201
1 10 JTAG_EMU1
JTAG_TMS 211 10 g JTAG_TRSTh
3|2 9 g JTAG_TDI
JTAG_TCK 43 8 7 JTAG_EMUD
514 76 JTAG_TDO
———5 6
. J3 R319
— TC2050-IDC 4.7K
Connect10_1d27_12_4x6_7mm 5%
DNP R0201

Fig. 3.58: BeagleY-Al Tag-Connect

JTAG is available on the BeagleY-Al via a 10pin Tag-Connect header located on the bottom of the board between
the USB 3.0 ports.

Because of the density of the board and tight fit of the USB connectors, the standard retention clip provided
by Tag-Connect will not fit. A recommended 3D printable adapter is available on Printables

3.11.2 UART

VDD_IO_3V3

Layout Note:
LRB520S-30T1G
30V Add Silkscreen:

o] sod_523 J13: UARTO
VDD_IO_3V3 Pin1: RXD
Pin2: GND
) €356 100nF R225 Pin3: TXD
C0201 | [10V,X5R 47K
U25 5%
8 — R0201 —
7 \2/8<E3 1?§ UARTO_RXD 1 s1
UARTO_TXD
(20] F19UARTO RXD3V3 ((—RB0 AR BXD 5 15y 2v = 5 2
[20] F20/UARTO_TXD/3V3 ) RO20T % 2A GND «~ o~ ITF
SN7ALVC2G241DCUR = £ g = = =
U_8_DCU . A7E. A<l J13
S A3V I A6V MTWF63-103SRN-01163
E D0402 E D0402 JST3P_1d0_5_2x3x4_9mm
) o
o [N
= =

Fig. 3.59: BeagleY-Al debug UART port

By default, BeagleY-Al exposes the UART port used by UBoot & Linux on a Pi Debugger compatible JST 3pin
header. The UART port used for debug can also be changed in software to use a UART available on the 40Pin
GPIO header.
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3.11.3 PMIC NVM Tag-Connect

PG 3V3 VCC_IN_5V
PG 3V3
J_C410 C409
100nF 100nF
R311 R312 10V,X5R 10V, X5R R313 R318
2.2K 2.2K C0201 C0201 10K 10K
1% 1% = = 1% 1%
R0201 R0201 R0201 R0201
1
PMIC_I2C_SCL  R140 OR_DNP PG l2c_ STC_2 |1 1073 Bn R154 OR DNP __PMIC_PBn
RO0201 1% 312 98 R0207 1%
PMIC_I2C_SDA  R131 OR DNP PG_I2C_SDA [4 3 8 7] PG_RESET R167 OR DNP PMIC_RESET
R0201 1% 514 76| PGRSIOUN R133 OR_DNP___PMIC_RSTOUTH
5 61T R0201 1%
Layout Note: —_ M4 =
Place OR inline resistors Close To PMIC. TC2050-IDC

Connect10_1d27_12_4x6_7mm

DNP

Fig. 3.60: BeagleY-Al PMIC NVM programming interface

A PMIC programming header is present on the BeagleY-Al in the form of a 10pin Tag-Connect header located
on the bottom of the board between the Ethernet and USB 3.0 ports. Ensure you do not connect JTAG to this
port as the pinout and interface is different. PMIC NVM programming should not be performed unless you know
what you're doing. The port is mainly intended for use during manufacturing.

3.12 Miscellaneous

VDD_lO_3V3

R83
2.2K
1%
U26A R0201
General 10 12C0_SCL ggg D23/12C0_SCL/3V3  [17]
............... 12C0_SDA B22/12C0_SDA/3V3  [17]
(VDDSHVO)  3.3v 12C1_SCL 25; C24/12C1_SCL/3V3  [24]
12C1_SDA A22/12C1_SDAI3V3  [24]
D20 SPI0_CLK
SPI0_CLK B35 SPI0-CS0 D20/EHRPWM1_AI3V3  [27]
SPI0_CSO0 [~E3p SPI0-CST B20/EHRPWMO_A/3V3  [27]
SPI0_CS1 [E7g <PT0-D0 C20/EHRPWMO_B/3V3  [27]
SPI0_DO [E2p E19/EHRPWM1_B/3V3  [27]
SPI0_D1 K E20/GPIO1_19/RGMII_INT#/3V3  [23]
F20
UARTO_TXD [F1g >>  F20/UARTO_TXD/3V3  [27]
UARTO_RXD 25 < F19/UARTO_RXD/3V3 [27]
UARTO_CTSN [557 E22/TIMER_IO6/FAN_TACH/3V3  [27]
UARTO_RTSN >> B21/GPIO1_23/RGMI_RST#3V3  [23]
EXTINTN B23 < B23/EXTINTn/3V3  [6]
A23
EXT_REFCLK1 >>  A23/ECAPO_IN_APWM_OUT/3V3  [20]
D22
MCANO_TX 555 D22/GPIO1_24/CSI_GPIO1/3V3  [17)
MCANO_RX C22/GPIO1_25/CSI_GPIO2/3V3  [17]
MCASPO_ACLKR
MCASPO_ACLKR F24 = >>  F24/UART1_TXD/3V3  [27]
co7 MCASPO_AFSR
MCASPO_AFSR K C27/UART1_RXDI3V3  [27]
MCASP0O_AXRO g§§ >>  F23IMCASPO_AXRO/3V3  [27]
MCASPO_AXR1 [~A56 TCASPUAXR: K B25IMCASPO_AXR1/3V3  [27]
MCASPO_AXR2 A58 TMCASPOAXRY > A26/UART1_RTSn3V3  [27]
MCASP0_AXR3 K A25/UART1_CTSn/3V3  [27]
MCASPO_ACLKX [-222 >>  D25IMCASPO_ACLKX/3V3  [27]
McAsPo_AFSX |22 >>  C26/MCASPO_AFSX/3V3  [27]
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.61: BeagleY-Al general IO
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VDD_IO 3V3
R36 R30
2.2K 2.2K
1% 1%
U26K R0201 R0201
ME:_l_J_C_ie_n_era_I__l(?_ MCU_I2C0_SCL Eﬁ <§ B13/MCU_I2C0_SCL/3V3  [27]
MCU_| IZCO “SDA E11/MCU_I2C0_SDA/3V3 [27]
3.3y (VDDSHV_MCU)
MCU_SPI0_CLK égz A9/MCU_SPIO_CLK/3V3  [27]
MCU_SPIO_CS0 A10 C12/MCU_SPI0_CS0/3V3 [27]
MCU_SPI0_CS1 [g72 A10/MCU_OBSCLKO0/3V3 [23]
MCU_SPIO_DO C11 B12/MCU_SPI0_D0/3V3 [27]
MCU_SPI0_D1 C11/MCU_SPIO_D1/3v3  [27]
3.3v (VDDSHV_MCU)
MCU_MCANO_TX SQ > B2/MCU_GPIO0_13/HDMI_RSTn/3V3 [24]
MCU_MCANO_RX C < D8/MCU_GPIO0_14/HDMI_INTn/3V3 [24]
MCU_MCAN1_TX [—5; i C1/MCU_GPIO0_15/CSI_GPIO1/3V3 17
MCU_MCAN1_RX B1/MCU_GPIO0_16/CSI_GPI02/3V3 [17]
3.3v (VDDSHV_CANUART)
MCU_UARTO_TXD —gg MCU_LARTO.TXD > B4/MCU_GPIO0_6/PCIE_RST/3V3 [26]
MCU_| UARTO “RXD B5 = < B8/MCU_GPIO0_5/PCIE_DET_WAKE/3V3 [26]
MCU_UARTO_CTSN G5 <§ B5/MCU_GPIO0_ 7IEXP/3V3 7]
MCU_UARTO_RTSN CS/MCUiGPIOOJ/PCIEiPWRiENISVS [26]
3.3V (VDDSHV_CANUART)
J722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.62: BeagleY-Al MCU general IO
u26J
OSPIO L24
_____________ OSPI0_CLK ———
(VDDSHV1) 1.gv P
OSPI0_CSNO [go3 K26/GPIO0_11/PWR_LED/1V8 [6]
OSPI0_CSN1 g5, K23/GPIO0_12/ACT_LED/1V8 6]
OSPIO_CSN2
OSPIO_CSN3 J22 < J22/GPIO0_14/TP_INT/1V8  [20]
OSPI0_DO 52277 K27/GPIO0_3/BT_EN/1V8  [25]
OSPI0_D1 T8 L27/GPIO0_4/WLAN_EN/1V8 [25]
OSPI0_D2 [T5& < L26/GPIO0_5/WLAN_IRQ/1V8 [25]
OSPI0_D3
OSPI0_D4 ,'(,,2216 <  L21/UART6_RXD/1V8  [25]
OSPI0_D5 [-No7 M26/UART6_TXD/1V8  [25]
OSPI0_D6 w27 N27/UART6_RTSn/1V8  [25]
OSPI0_D7 < M27/UART6_CTSn/1V8  [25]
OSPI0_DQS L22 > L22/GPI00_2/DS|_CSI_SEL/1V8 17
OSPI0_LBCLKO L23 >>  L23/GPI00_1/DSI_CSI_OE/1V8 [17]
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.63: BeagleY-Al SoC OSPIO
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VDD_IO_1V8

J11
Header 1x2 1.27mm

header2p_1d27_dip.t uz6c
R48 O0R VPP_1V8, G9 eFUSE, VMON,
R0207 1% vep Debug & Rsvd
VCC_IN_5V DNP R
c25 cos R49
2.20F 100nF 10K Emuo |-C9_JTAG EMUD
10V XER | 10V XER S 1% F9
R197 co402 _|_co201 R0201 EMUT
monitoring VCC_IN_5V, to ?9/% = = L
protect SoC from lst stage R0402 . - B10 JTAG_TRSTn
power fault. Vth(min) = 0.45V yyon er vsvs o7 TRSIN—
i VMON_ER_VSYS
[ .
100nF A11__JTAG TCK
R199 c82 10V, X8R TeK
481K 100nF 0201
0.1% 10V X5R = (VDDSHV_MCU)
R0402 €0201 3.3v E12 JTAG_TDI
VDD_IO_1V8 Y TOI
- N R221 R VMON_1P8_SOC 97
RO20T 1% VMON_1P6_S0C oLFt0__JTAGTOO
c327 ™
100nF
10V.X5R o s
JTAG_TM
L coai s LE1 X
VDD_I0_3V3
E9
R222 OR__, VMON_3P3 SOC K7 | on 303 soc RSVD_E9 [———X
R0201 L2 W e RsvD_aatg [FAA1%
B
1O sR RSVD_B6 22X
_Lcox0t RsvD_cs 8-
RsVD_F8 X
XITZZS5AANW
BGA594_0d65_18X18mm
FCBGAS94

Fig. 3.64: BeagleY-Al SoC eFUSE, VMON, Debug, and RSVD

3.13 Mechanical Specifications

Todo: If there are real design elements, put those here, like clearances and other elements going into design
consideration. Summary information should just go in the support page.

Table 3.1: Dimensions & weight

Parameter Value

Size 85 x 56 x 20 mm
Max heigh 20mm

PCB Size 85 x 56 mm

PCB Layers 14 layers

PCB Thickness 1.6mm

RoHS compliant Yes

Gross Weight 110 g

Net Weight 5049
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U26H
GPMCO G R22 BOOTMODEQ
------------- Gmgg—ﬁgf R23 BOOTMODET
(VDDSHV3) — R26 BOOTMODE2
3.3V GPMCO_AD2 37 BOOTMODE3
GPMCO_AD3 755 BOOTMODE4
ggmgg_ﬁgg T24 BOOTMODE5
. T21 BOOTMODES
GPMCO_AD6 757 BOOTMODE?
GPMCO_AD? (37 BOOTMODES »  T22/GPIO0_22/12C1_EN/3V3  [20]
GPMCO_AD8 75 EOOTMODES VOUTO DATA16  [24]
GPMCO_AD9 |~y737 BOOTMODET0 VOUTO DATATT 124]
GPMCO_AD10 /55 EOOTMODETT VOUTO_DATA18  [24]
GPMCO_AD11 /56 EGOTMODET2 VOUTO_DATA19  [24]
GPMCO_AD12 /52 EOOTMODET3 VOUTO_DATA20  [24]
GPMCO_AD13 |y/2 BOOTMODET4 vOuTO_DATAZT  [24]
GPMCO_AD14 [/53 BOOTMODETS VOUTO_DATA22  [24]
GPMCO_AD15 VOUTO_DATA23  [24]
GPMCO_ADVN_ALE Nt >>  N21/GPIO0_32/USB_RST#/3V3  [21]
GPMCO_BEON_CLE P27 >>  P27/MCASP1_ACLKX/3V3  [24]
GPMCO_BE1N P26 <> P26/GPIO0_36/EXP/3V3  [27]
GPMCO_CLK 123 >>  T23/GPIO0_31/EEP_WP/3V3  [26]
GPMCO_CSNO 5317 S R27/GPIO0_41/EXP/3V3  [27]
GPMCO0_CSN1 555 P21/GPIO0_42/EXP/3V3  [27]
GPMCO_CSN2 [~po3 P22/12C2_SCL/I3V3  [17]
GPMCO_CSN3 P23/12C2_SDA/3V3  [17]
GPMCO_DIR N25 < N25/GPIO0_40/RTC_INT/3V3  [27]
GPMCO_OEN_REN N22 <> N22/GPIO0_33/EXP/3V3  [27]
GPMCO_WAITO :,/\,2216 V21/MCASP1_AFSX/3V3  [24]
GPMCO_WAIT1 W26/AUDIO_EXT REFCLK2/3V3
GPMCO_WEN N23 <> N23IMCASP1_AXRO0/3V3  [24]
GPMCO_WPN N24 <>> N24/AUDIO_EXT_REFCLK1/3V3
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.65: BeagleY-Al SoC GPMCO
VDD_CORE
VDD_DDR_1V1 VDDR_CORE
SoonE == honE == oo
T T e T e
L \V Tcozbw C0201 Tcoz’m co201 C0201
= Route supply & Gnd connections N Route sui & Gnd connections
Route supply ¢ 6rd comecions TR isl BT TS vear o tel 2
differential pair to TPs near access R & C termination for easy
R & C termination for easy access
Fig. 3.66: BeagleY-Al SoC supply noise kelvin sensing
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Friq] VSS VSS 75
G17 | VSS VSS [TUts
J5 vss VSS 19
21 vss VSS [~
J26 | VSS VSS A1
K13 | VSS VSS V15
K15 | VSS VSS V20
KT Vss Vs[5
70 Vs VSS >
L11 | VSS VSS ["Wi4
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L14 | VSS VSS MW20
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Mg | VsS VSS 18
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BGA594_0d65_18X18mm

FCBGAS594

Fig. 3.67: BeagleY-Al SoC ground connections
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Chapter 4

Expansion

Todo: Describe how to build expansion hardware for BeagleY-Al. This section is not about using existing add-on
hardware.

4.1 PCle

For software reference, you can see how PCle is used on NVMe HATs.

4.2 CsSlI

For software reference, you can see how CSl is used on IMX219-based camera modules.

4.3 RTC

Todo: Remove this. | really don’t see how “RTC” falls into our definition of what should be documented in
“Expansion”.

* beagley-ai-expansion-nvme
* beagley-ai-using-imx219-csi-cameras

* beagley-ai-using-rtc
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Chapter 5

Demos and tutorials

Todo: Isn’tincluding “beagley-ai” in the filename superfluous?

demos/beagley-ai-using-gpio  demos/beagley-ai-using-pwm demos/beagley-ai-using-rtc  demos/beagley-
ai-using-i2c-oled-display demos/beagley-ai-using-i2c-adc demos/beagley-ai-pca9685-motor-drivers
demos/expansion-nvme  demos/connecting-imx219-csi-cameras.rst ~ demos/beagley-ai-using-imx219-csi-

cameras  demos/beagley-ai-arducam-imx219-v3link-dual-camera-kit =~ demos/beagley-ai-object-detection-
tutorial
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Chapter 6

Support

All support for BeagleY-Al design is through BeagleBoard.org community at BeagleBoard.org forum.

6.1 Production board boot media

Todo: Add production boot media link in _static/epilog/production.image and reference it
here.

6.2 Certifications and export control

6.2.1 Export designations

* HS: 8471504090

» US HS: 8543708800
* UPC: 640265311062
» EU HS: 8471707000
* COO: CHINA

6.2.2 Size and weight

e Bare board dimensions: 85 x 56 x 20 mm
e Bare board weight: 50 g
* Full package dimensions: 140 x 100 x 40 mm

¢ Full package weight: 110g

6.3 Additional documentation

6.3.1 Hardware docs

For any hardware document like schematic diagram PDF, EDA files, issue tracker, and more you can checkout
the BeagleY-Al design repository.
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6.3.2 Software docs

For BeagleY-Al specific software projects you can checkout all the BeagleY-Al project repositories group.

6.3.3 Support forum

For any additional support you can submit your queries on our forum, https://forum.beagleboard.org/tag/
beagley-ai

6.3.4 Pictures

6.4 Change History

Note: This section describes the change history of this document and board. Document changes are not
always a result of a board change. A board change will always result in a document change.

6.4.1 Board Changes

For all changes, see https://openbeagle.org/beagley-ai/beagley-ai. Versions released into production are noted
below.

Table 6.1: BeagleY-Al board change history

Rev Changes Date By
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