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THIS DOCUMENT
This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported
License. To view a copy of this license, visit http://creativecommons.org/licenses/by-sa/3.0/
or send a letter to Creative Commons, 171 Second Street, Suite 300, San Francisco,
California, 94105, USA.
All derivative works are to be attributed to Gerald Coley of BeagleBoard.org.
For more information, see
http://creativecommons.org/license/results-one?license_code=by-sa
For any questions, concerns, or issues submit them to gerald@BeagleBoard.org

DESIGN
These design materials referred to in this document are
*NOT SUPPORTED* and DO NOT constitute a

reference design. Only “community” support is allowed via

resources at BeagleBoard.org/discuss.

THERE IS NO WARRANTY FOR THE DESIGN MATERIALS,
TO THE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE DESIGN MATERIALS “AS IS” WITHOUT
WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE
RISK AS TO THE QUALITY AND PERFORMANCE OF THE
DESIGN MATERIALS IS WITH YOU. SHOULD THE DESIGN
MATERIALS PROVE DEFECTIVE, YOU ASSUME THE COST
OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

We mean it; these design materials may be totally
unsuitable for any purposes.
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UNITED STATES FCC AND CANADA IC REGULATORY COMPLIANCE
INFORMATION

The BeagleBone is annotated to comply with Part 15 of the FCC Rules.
Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received,
including interference that may cause undesired operation. Changes or
modifications not expressly approved by the party responsible for compliance could
void the user’s authority to operate the equipment.

This Class A or B digital apparatus complies with Canadian ICES-003. Changes or
modifications not expressly approved by the party responsible for compliance could
void the user’s authority to operate the equipment. Cet appareil numérique de la
classe A ou B est conforme a la norme NMB-003 du Canada. Les changements ou
les modifications pas expressément approuvés par la partie responsible de la
conformité ont pu vider I'autorité de I'utilisateur pour actionner I'équipement.

BeagleBoard.org provides the enclosed product(s) under the
following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION, OR EVALUATION PURPOSES ONLY and is not considered by
BeagleBoard.org to be a finished end-product fit for general consumer use. Persons
handling the product(s) must have electronics training and observe good engineering
practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective
considerations, including product safety and environmental measures typically found in
end products that incorporate such semiconductor components or circuit boards. This
evaluation board/kit does not fall within the scope of the European Union directives
regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of
these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User’s
Guide, the board/kit may be returned within 30 days from the date of delivery for a full
refund to the distributor form which you purchased the board. THE FOREGOING
WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER AND IS
IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY,
INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the
goods. Further, the user indemnifies BeagleBoard.org from all claims arising from the
handling or use of the goods. Due to the open construction of the product, it is the user’s
responsibility to take any and all appropriate precautions with regard to electrostatic
discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER
PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

BeagleBoard.org currently deals with a variety of customers for products, and therefore
our arrangement with the user is not exclusive. BeagleBoard.org assumes no liability
for applications assistance, customer product design, software performance, or
infringement of patents or services described herein.
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Please read the System Reference Manual and, specifically, the Warnings and
Restrictions notice in the User’s Guide prior to handling the product. This notice contains
important safety information about temperatures and voltages. For additional information
on BeagleBoard.org environmental and/or safety programs, please visit
BeagleBoard.org.

No license is granted under any patent right or other intellectual property right of
BeagleBoard.org covering or relating to any machine, process, or combination in which
such BeagleBoard.org products or services might be or are used.

Mailing Address:
BeagleBoard.org

4467 Ascot Ct.

Oakland TWP, MI 48306 U.S.A
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WARRANTY: The BeagleBoard is warranted against defects in materials and
workmanship for a period of 90 days from purchase. This warranty does not cover
any problems occurring as a result of improper use, modifications, exposure to
water, excessive voltages, abuse, or accidents. All boards will be returned via
standard mail if an issue is found. If no issue is found or express return is needed,
the customer will pay all shipping costs.

Before returning the board, please visit
BeagleBoard.org/support

For up to date SW images and technical information refer to
http://circuitco.com/support/index.php?title=BeagleBone

Please refer to Section 9 of this document for the board checkout procedures.
To return a defective board, please request an RMA at
http://BeagleBoard.org/support/rma

Please DO NOT return the board without approval from the
RMA team first.

All boards received without RMA approval will not be worked
on.
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1.0 Introduction

This document is the System Reference Manual for the BeagleBoard X15 which is
based on the TI AM5728 processor. This document covers the features and design of the
board.

2.0 Change History

This section describes the change history of this document.

Table 1. Change History

-
Preliminary release. 7/23/2015 EPD
0.2 Added pictures, connector details, accessories list 10/19/2015 EPD
A2 | Limited Production Release 5/13/2016 EPD
B1 | Update pictures 7/22/2016 EPD
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3.0  Quick Start Section

3.1 What’s the in the box

In the box you will find a BeagleBoard-X15 board inside an ESD bag.

Figure 1.

BeagleBoard-X15
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3.2 Board Details

This section calls out key connectors and components on the board and provides a brief
3.21 TOP Side and BOTTOM Edge
Shown without the heatsink installed.

description of each.
POWER BUTTON m ESATA m
- Y e el g -

r-\l e ~

.

- i "
wl  RIAREL v
-y - !
diohe slsveana t ol ' Li-ION
. o e M
EEPROM - t' . h g 8 i : ﬂ BATTERY

ENABLE TP ‘ e R e L v = ! (OPTIONAL)

AUDIO OUT

Figure 2. X15 Top Side View
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USB Port 3

USB Port 2

Figure 3. X15 Front Edge View

3.2.2 Top Side Connector Details

= P5ETHERNET x2
o Stacked RJ45 Jack with LEDs and integrated magnetics
o Port Location shown in Figure 4

= P6 ESATA/USB
o eSATA - USB Type A Receptacle Combo
o Powered interface at 500mA
o Powers HDD or SSD drives from 5V supply

= P11 HDMI
o HDMI Type A - 19 Position Surface Mount, Right Angle

= P1DCJACK
o CONN PWR JACK DC 2.5X5.5 8A T/H

= S1POWERBUTTON
o Tactile SPST-NO 0.05A Momentary Switch
o Hold 12 seconds to power OFF the board

= P2-P3 CURRENT MONITOR SECTION
o Power Taps used for power measurements
o 100mil pin headers need to be installed prior to taking measurements

= P10 DEBUG HEADER
o Same as used on BeagleBone Black
o See section 3.4.8 for details

= P8-P9 AUDIO OUT/IN
o Standard 3.5mm jacks
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o Stereo Audio Connector Jacks with single switch
= S2RESET BUTTON
o Momentary Tactile SPST-NO Switch

= P12 Micro SD Card Cage
o ALPS Push-Push Type — Reverse mounting — Micro SD Connector
o Insert microSD card face up

= P13-P15 USB 3.0 CONNECTORS
o SuperSpeed Panel Mount USB3.0 connectors
o Port numbering shown in Figure 3.
o NOTE: Use narrower drives when plugging both Port-1 and Port-2

= HEATSINK
o CPU 1.01” SQ with Vertical Fins and thermal tape adhesive backing
o Fins spaced to support 4-40 screws that can hold an added CPU FAN

= J1 FAN SOCKET
o The X15 can support a CPU FAN
o The Fan can be purchased separately
o Fan Part No: X15FANKIT-ND
o Fan socket details shown in section 3.4.17
= BAT1LI-ION BATTERY
o A Li-lon battery can be installed on the X15 PCB
o Battery Part Number: RENATA CR1220MFR FV
o Can be purchased here:
http://www.mouser.com/Search/Refine.aspx?Keyword=CR1220MFR
o NOTE: Before Installing Battery BAT1 remove R416 from bottom side of
PCB

o
b whadny B s
RER % i LAY
© < »

Figure 4.

*

BAT1 Location
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3.2.3 TOP Edge and Bottom Side

Figure 5.

X15 Top Edge View
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Cx
=
=
.u
..
.
CE
(]
=
e
.

Figure 6. Bottom Side of X15

3.2.4 Bottom Side Details
Bottom Side Major Components Details
= Y1 RTC Crystal
o 32.768KHz REAL TIME CLOCK Tuning Fork Crystal
o Used in conjunction with U6 and BATL1 (top side)

= U8 EEPROM
o 4KB EEPROM used to hold board information via 12C1

= F15AFUSE

o BA Fuse in SMT base
o Replacement Fuse: 0454005.MR
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Bottom Side Connector Details:

= P4 20-pin JTAG Connector
o For use with TI JTAG emulators and CCS debugging tools

= P7 USB Client
o USB 2.0 Client port
o USB Type B jack

= P12 microSD cage

o ALPS Push-Push Type — Reverse mounting — Micro SD Connector
o Insert microSD card face up
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3.25 Top Side Major Components

Figure 7 below shows the major IC and components on the BeagleBoard-X15.

SATA
REDRIVER

10/100/1000
ENET PHY
X2

Regulator

Figure 7. Location of Major ICs
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3.2.6

Top Side Major Component Details

U5 PMIC
o Power Management IC (PMIC)
13 x 13 nFBGA 0.8mm pitch
7-configurable converters up to 6A output current
7 LDOs for external use
32KHz RC oscillator for power sequence
SPI or 12C control

OO O O O O

U1l PROCESSOR
o Sitara AM5728, FCBGA 0.8mm pitch
o Dual ARM Cortex-Al5 @ 1.5GHz

U7 SERDES CLOCK GENERATOR
o Reference Clock generator for PCI Express (PCle) Genl-Gen3
o Accepts 25MHz oscillator input

U23-U26 DDR3
o 4x 256Mb x16 DDR3L 2Gb (256MB)
o 2x 32 bit memory buses with two 16 16b devices on each bus.

U27 DDR VTT REGULATOR
o TPS51200 Sink and Source DDR Termination Regulator
o Lower Power DDR3 VTT Bus Termination

U18 AUDIO CODEC
o Low power stereo Audio DAC
o PartNo
o 3D, EQ, PLL, LP Bypass, Notch Filtering

D4-D7 USER LEDs
o 4 user LEDs available
o Part No: LTST-C191KFKT
o GPIO Driven

Ul7 USB HUB
o 4-Port USB 3.0 HUB

U22 eMMC 4GB
o eMMC 5.0 (HS200) 153B 4GB
o HS200 Standard

U14-U15 10/100/1000 ENET PHY's
o Single chip 10/100/1000Mbps ENET Transceiver
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o RGMII3.3V/2.5V/1.8V tolerant 10s.

= U6RTCC
o 8pin RTC with optional battery backup
o I2CI/F

= U33 SATA REDRIVER
o 2 Ch 3-Gbps single lane redriver
o Also supports SATA 1.5-Gbps
o Hot Plug capable
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3.3 CHECKITOUT

This section provides instructions on how to check out the board after you receive it.

3.3.1 What is needed

Table shows the accessories needed to test all X15 peripherals. Some of these items
may need to be purchased if the user does not already own them. For power supply and
serial cables please observe power requirements when purchasing. The power jack on the
BEAGLEBOARD-X15 accepts a 2.5mm barrel to differentiate it from other board

supplies.

Table 2. List of Needed Accessories

DC POWER SUPPLY
12V Supply
60W (5A min)

Option 1: TRG70A120
Option 2: VEF65US12

2.5mm x 5.5mm Barrel Plug Size

Option 3: CENB1060A1203F01

Option 4: TRG70A120-02E01

TTL TO USB SERIAL CABLE
e 3.3V USB to SERIAL

e Compatible with the one used on BBB
e Can be purchased from various sources
e One such cable can be purchased here:

http://www.digikey.com/product-detail/en/TTL-

232R-3V3/768-1015-ND/1836393

HDMI AUDIO-VIDEO CABLE
e Type A Male to Male
e Full size cable — NOT as used for
BeagleBone Black
e Preferably 3ft or longer
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ETHERNET CABLE
e Two cables needed if both interfaces used
e Use Cat6 cables
e ENET PHYs have Auto MDI/MDI-x
e Crossover or straight cables can be used

AUDIO CABLE
e 3.5mm jacks on both ends

e Need two if Speakers do not come with
one

SPEAKERS
e Any amplified desktop speaker system
¢ Includes 3.5mm audio cable

HDMI MONITOR
e HD monitor capable of 1080P
e With integrated audio
e Or Output jack for Audio

MICRO SD CARD
e 4GB to 16GB
e Class 10
e Standard Adapter

1668 MELD
cass@ (=T

eSATA ADAPTER CABLE

e eSATA to SATA cable

e Combo cable

e Below are two such cables:
http://www.cablesonline.com/19estosa22ex.html
http://www.monoprice.com/product?p id=8492
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SATA DRIVE
e 2.5”SATA HDD - Hard Disk Drive
One option available here: Newegg.com

e 2.5”SATA SSD - Solid State Drive

http://www.amazon.com/ADATA-Premier-2-5-
Inch-Synchronous-ASP900S3-128GM-
C/dp/B007RHT48S

USB THUMB DRIVE
e USB3.0 thumb drive
e Needed for file storage
e Orto boot from USB3

WIRELESS KEYBOARD/MOUSE
e Wireless combo will save USB ports used
e Less wire clutter

Besides the accessories mentioned it is assumed the user has a PC or Laptop running

Linux or Windows.
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3.3.2 SETUP INSTRUCTIONS

Standalone w/Display and Keyboard/Mouse

In this configuration, the board works more like a PC, totally free from any connection to a
PC as shown in Figure 8. It allows you to create your code to make the board do whatever
you need it to do. It will however require certain common PC accessories. These accessories
and instructions are described in the following section

Figure 8. Desktop Configuration

Board is shown without the heatsink installed. Additionally, an Ethernet cable can be
connected for network access if desired.
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34  PLUGIN YOUR CABLES

341 ETHERNET

There are two ports on the Ethernet
connector off the X15. Plug the cable into
either port.

NOTE the orientation of cable insertion
between the two ports in Figure 9.

342 HDMI

Plug in HMDI cable into P11 HDMI
connector on the top edge of the X15 board.

343 eSATA

Plug in the eSATA cable as shown in Figure 10.
The same connector P6 can be used as a

USB connector which is the 4" USB port on

the X15.
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3.4.4 Keyboard and Mouse

To avoid using up multiple USB ports a
Wireless keyboard and mouse combination
is preferred. The transceiver can be installed
in any of the USB ports including P6
eSATA connector.

NOTE: USB 3.0 ports and devices have
been shown to radiate radio-frequency noise
that can interfere with some wireless or
Blutooth mice.

Figure 12. Keyboard Transmitter

345 AUDIO

To playback and record audio, insert speaker
cable into Audio OUT jack of the X15 and
an audio source into the Audio IN jack.

NOTE: Audio IN is not amplified. It is Line
In only and does not support microphones.

))\\\W

Figure 13. Audio Jacks
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3.4.6 Micro SD Card

On the bottom edge of the X15 board, on the
bottom side is the micro SD card cage. If
booting from the SD card, the micro SD
card is inserted as shown in Figure 14 with
the top side facing up.

Figure 14. MicroSD Card Cage

3.47 USB Client

The USB Client connector P7 is located on
the bottom side of the board below USB3
Port 1 and next to the uSD Card cage.
Caution when inserting and removing the
client cable as it will exert excessive pressure
on the connector jack.

Figure 15. USB Client Connector
3.4.8 Serial Debug

Plug in the USB to Serial cable into the 6
pin header P10. Observe correct orientation.
Pinl is located at the top side of the header.

PIN NUMBER SIGNAL

1 Ground
4 Receive
5 Transmit

Figure 16. Serial Debug Port
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3.4.9 Terminal Setup

Plug the USB end into your PC or Laptop and invoke MINICOM or TERATERM or

your favorite Terminal emulator program.

The settings for serial communications are:

Baud rate: 115200 v
Data: 8 bit v
Parity: none W
Stop: 1 bit W
Flow control: none v

Tera Term - [disconnected] VT

O TCPIP Imyhost.example.coml
~ History

Telnet

® S5H $5H2

Other
UNSPEC

(@ Serial Port: | COM4: USB Serial Port [COM4) Y]
COMA4: USB Serial Port [COM4]

Cancel Help

3.4.10 Plug in Power Cable

Once all the needed cables are inserted, plug
in the DC power adapter into the P1 jack.
This is a 2.5mm center contact and requires
a supply that comes with a 2.5mm jack or an
adapter to 2.5mm. See Figure 18 for more
info.
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3.4.11 Power LEDS

Once the power plug is inserted in P1, the
Power LED D41 will light up.

D41 - 12V Present LED

i
B

S
Bohe AW

Figure 19. DC 12V LED

3.4.12 Turn ON HDMI monitor

Once power is connected, turn on the HDMI
monitor. Change input to the HDMI port the
X15 is connected to.

Figure 20. Monitor Power Button
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3.4.13 Turn ON X15 Power

Though power is plugged in and the
terminal is connected there will be no
activity observed on the terminal. LED D41
will glow.

To turn ON the X15 main power press the
blue momentary switch S1. This will cause
LED D3 to glow showing that the board

power is ON.

D3 - POWER ON LED b P ETAf5]
b iy, S S

Figure 21. Power LEDs

3.4.14 User LEDS

The BB-X15 has four user LEDs for debug,
and status indication. During the bootting
process the user may notice that the user
LEDs will blink.

Figure 22. User LEDs
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3.4.15 BOOTING

At this point the software
present in eMMC or the SD
card if installed will start to

boot and activity can be seen ®

9nfthe terminal. Tze actual e —

information prlnte out may )

Vary based on the SW image g;l{::geigﬁzi%;igg—gacse'?ss ¢Jun 23 2015 — 13:11:85>, Build: jenkins—github_Bo
used. Board: Deagloloard xt5

Pea@y

GiB
OMAP SD-/MMC: B, OMAF SD-MMC: 1

= Unable to use mmc B:1 for loading the env =
Using default environment

SATA link B timeout.

AHCI B0A1.8308 32 slots 1 ports 3 Ghps Bxl impl SATA mode

flags: 64bhit ncg stag pm led clo only pmp pio slum part ccc apst
scanning bus for devices...

Found B device(s>.

SCSI: HMet: <ethaddr> not set. Ualidating first E-fuse MAC
cpsw

Hit any key to stop autobhoot: 8@

Figure 23. Terminal Window Showing Boot

3.4.16 Boot Strapping

The default option ,SD followed by eMMC setting, is hardwired via soldered on resistors.
Table 3 shows the boot strap options for the BeagleBoard-X15. The default is SD then
eMMC.

NOTE: To set different boot options Resistors R442-R444 will need to be de-soldered firs
and then solder in the other options. Be careful when doing this.

a3 44 5
VDD 3vi— ] ¢ oD Vi ¢ -|||—‘—-
; 3 VD3V b
HDR_1x3
vDD_2v2
T

Boot Strap Options

1-2 2-

(%]

J3
BOOT from 8D then eMMC J4
J6

A A

J3
BOOT from UART J4
JB

===

J3
BOOT from SATA then 8D J4
JB X

Figure 24. Boot Strap Resistors

>
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3.4.17 FAN Connection

The X15 can support a 5V fan when a socket is
installed at J1. Digikey offers a fan kit that will fit
the X15 heatsink and plug into J1. Part number is
X15FANKIT-ND,

See Figure 25 and the next section for one FAN
option that is supported.

3.4.18 FAN Mounting

The heatsink that comes with the X15 has a 7x7 fin
matrix that can accept 4-40 self-threading screws at
each corner. The screws will self-thread and hold
the fan in place.
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3.5 TESTING

Once the X15 interfaces are connected your system is ready to test. This section will go
through what you can quickly test on your new BB-X15

Figure 27. X15 test Setup

Using a wireless keyboard and mouse is preferred since it frees up USB ports.
However, when using a wireless combo, please know that USB 3.0 ports and devices
have been shown to radiate radio-frequency noise that can interfere with wireless mice
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that rely on 2.4GHz radio-frequency dongles, as well as mice that use Bluetooth for
connectivity. This is a common warning you see particular on laptops.

351 DEBUG

The Serial debug port on the processor is UART3 via a single 1x6 pin header. In order to
use the interface a USB to TTL adapter will be required. The header is compatible with
the one provided by FTDI and can be purchased from various sources. Signals supported
are TX and RX. None of the handshake signals are supported. On the PC you will see
activity that will take you to login prompt.

x

File Edit Setup Control Window Help

~
Dehian GHU-/Linux 8 BeagleBoard-#15 ttyS2
BeagleBoard.org Debian Image 2015-B8-@2

Support/FAQ: http:-/relinux.orgsBeagleboard:BeagleBoneBlack Debian

default username:password is [debian:temppuwd]

BeagleBoard—®15 login:

Figure 28. Terminal Window

A few seconds after the board power is turned on, the image in eMMC or SD if booting
form SD, will boot and the Debian desktop will soon show up on the HDMI monitor.
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Figure 29. Debian Desktop

3.5.2 ETHERNET

Assuming the Ethernet cable is connected to one of the Ethernet ports on the
Beagleboard-X15 a quick test can be performed by pointing the mouse to the bottom left
corner of the Desktop and clicking the Debian menu logo.

From here point to Internet > Chromium Browser.

Graphics y
Internat ? @ Chromium Web Browser

Other ye ¢ | Setup

Figure 30. Open Web Browser

The browser window will open and if there is an internet connection, the browser will go
to the default homepage.
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New Tab
ca

2 Apps  For quick access, place your bookmarks here on the bookmarks bar. Import book...

Google

¢

Figure 31. Default Home Page

The second Ethernet port can be similarly tested by moving the cable from ENETO to
ENET1. See Section 3.4.1

3.5.3 SPEAKERS

To test the sound of your X15 you can open a sound file and play it back. In the example
below, a simple file is played via the Chromium Web browser. The sound file can be
present in a USB flash drive plugged into one of the USB3/2 connectors at the bottom
edge of the board or you could copy a file onto the X15 eMMC .

Figure 32. Insert USB Flash Drive
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NOTE: Depending on the width of the flash drive used, two adjacent drives may not fit
well in P13 Port-1 and P15 Port-2 connectors due to the proximity of the two connectors.
If two drives will not fit, do not force but use a narrower flash drive in one of the bottom
ports.

Figure 33. Adjacent USB Devices

On the Debian Desktop a window will pop-open and ask you if you want to see the
contents of the newly installed flash drive. Also on the Tera Term console you can also
read the logs associated with the insertion of the drive.
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Removable medium is inserted
Type of medium: Removable Disk
Please select the action you want to perform:

Open in file manager

9:54 PM  Show Desktop

1°" @ New Tab - Chromium [ Removable medium is inserted

Figure 34. Media Insertion Notice

Click ‘Open in file Manager’ to see the contents of the flash drive. Proceed to open the
sound file. In case there is no music player installed yet, open the wav file with
Chromium Brower. Then click play.

New Tab x zelda_13.wav © x W

(o file:///media/debian/55D2-5F 14/zelda_13.wav

= 55025 ]
File Edit View Go Bookmarks Tool Help
New Tab GoUp Reload debian/s5D2-5F14  Go

Sysem zelda_13.wav
Il == 1:09 ) =g Trash Volume ey
Information

Applications

Network
oavces (= B E EpE

2.7 GB Volume

1.1 GB Volume 3.png 2.png 1.png
83 MB Volume

43 GB Volume

17 GB Volume

83 MB Volume

16 GB Volume
Bookmarks

10:07 PM Show Desktop

= - Drop application| g T
BBl | » | 2 Prop.apricetion] @ zeida 13.wav - chromium

Figure 35. Open And Play Sound File

To adjust volume make sure your speakers are connected and the speaker volume is
turned to a nominal volume. The X15 volume can be adjusted by clicking on the lower
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right hand side left of the clock (icon missing in this example) and adjusting the volume
lever up and down.

Mixer

9:53 PM Show Desktop

Figure 36. Volume Adjust

Audio In can be similarly tested by using a 3.5mm to 3.5mm audio cable between a PC
playing a sound file and the X15 recording it via connector jack P9.
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3.54 eSATA

To test the eSATA interface you will need a cable and drive as described in Section
3.4.3. This drive has to be 2.5” drive since this interface will only support 3.3V drives.
Simply plug in the cable into connector P6 and the drive will be detected. The connector
also accepts a USB 2.0 flash drive or other USB 2.0 devices.

=~

Figure 37. eSATA Cable and Drive

When plugged in, the eSATA or USB will be listed on the Debian Desktop as shown
below:
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= 3.png (1360x768) - Image Viewer
Eil

le Edit View Go Help

¢« GEOD Cdaape

Cancel
novable Media

New Tab - Chromium

Figure 38. Attached eSATA Drive Notice

3,55 POWER ON and RESET
To power OFF the board you can Press-and-Hold the power button for 12 seconds.

Another way to power off the board is to use the ‘shutdown’ command at the terminal
prompt. The board will then start powering off.
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& =
—

Eile Edit 5Setup Contrel Window Help

Unmounting spunsuser-180800_ -
Unmounting Asvs-/kernel/debug...

Stopped Load-sSave Random Seed.

Unmounted #mediasdebhian-55D2-58264.

Unmounted smedia~debian-s55D2-58263.

Unmounted #mediasdebhian/55D2-58262.

Unmounted Arunsuser-1806808.

Unmounted ssys-kernel debug.

Reached target Unmount All Filesystems.

Stopped target Local File Systems (Prel>.
Stopping Create Static Device Modes in Adev...
Stopped Create Static Device Hodes in Adev.
Stopping Remount Root and Kernel File Systems...
Stopped Remount Root and Kernel File Systems.
Reached target Shutdown.

Reached target Final Step.

Starting Power—Off ...

[l Tl T T
ot b bl bt b bl bd b

]
—

Broadcast message from rootf@BeagleBoard—H15 ¢(Thu 2815-88-27 23:-32:26 UTC):
The system is going down for power—off HNOUW?

[ 222.6448181] reboot: Power douwn
wl

Figure 39. Powering Off Using Shutdown Command

To RESET the board you can press the RESET button S2. Pressing once should reboot
the board.

Figure 40. Reset Button S2
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3.5.6 HIGH TEMP CAUTION

CAUTION: The BeagleBoardX15 may reach elevated temperatures.
Avoid handling the board while power is applied, especially in area shown
below. The same is true for the bottom side of the board.

Figure 41. X15 Heat Zone
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4.0 Hardware Design Overview

This section provides a more detailed description of the design of the board. This is
intended to provide a more complete description of each circuit. It is intended to provide
basic knowledge of the devices used and how they interface to one another. It does not
provide details of their designs or specification. Please refer to the datasheet for each
device from their respective suppliers if this information is needed.
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4.1 Features

The Table 2 below provides the high level features of the BeagleBoard-X15.

BeagleBoard —X15 Features

BeagleBoard-X15

Processor Dual ARM Cortex-A15 @ 1.5GHz, Tl Sitara AM5728
Graphics Dual Core SGX544 3D, 532MHZ
DSP Dual C66x, 700MHZ
Video Accelerator IVA, 532MHZ
Graphics GC3230 2D BTBLT
GP ARM Cores DUAL ARM M4, 212MHZ
SDRAM 2GB DDR3L, Dual 32bit bus, Non-ECC 533MHZ
Onboard Flash 4GB, 8bit Embedded eMMC
PMIC TPS659037
Debug Support 20-pin CTI JTAG, Serial debug header
PCB 4.2” x4”, 12 layers
Indicators (2) Power, (4) Ethernet, (4) User Controllable
HS USB 3.0 Host (2) Type A900ma (1) 1800mA (1)
USB 2.0 Host (1) 500mA via eSATA Connector
USB 2.0 Client (1) micro USB Type B
Ethernet (2) 10/100/1000 RJ4
SATA (1) eSATA Connector- Powered 500mA
LCD Ports (2) Via Expansion
PCle (2) Channels via expansion
Camera Ports (1) Via expansion
SD (1) microSD
User Input (1) Reset Button (1) Power Button
HDMI (1) Full Size connector, 24b 1920x1080 60FPS, EDID
Audio HDMI and AIC3104 (Stereo In/Out)
Expansion (4) 60 pin dual row headers
GPIO pins 157
UARTs 7
SPI/12C/CAN 1/1/1
PRU Pins 185

Real Time Clock

8pin RTC with optional battery backup, 12C I/F

Current Taps

(4) 5V, 3.3V, VDD_MPU, VDD_DSP, VDD_CORE

Weight

TBD

Power

12VDC@2A (3A additional if USB3 ports fully loaded)
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4.2  Block Diagram

The figure below is a block diagram of the board. There are more detailed block diagrams
in some of the sections that follow along with condensed schematics for the various
circuits.

TPS69590374
PMIC

12C PWR UART3

UsB3 DDR3-0(32) pumam2 20 MBX2

USB2  ppRs.1(32) mamem256MBX2
RGMII 0

RGMII 1

AMb5728

EXPANSION
EXPANSION

Figure 42. System Block Diagram
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4.3  Power Subsystem

Figure 17 is the high level block diagram of the system power architecture of the board.

| 12vtosvnc SV0 —
4A TPS54531 |
PS_3V3 )
i 1 oo
L8
TPS65039 . 5
D FUSE 5A Slow 12VDC to 3.3V sw |__VDD_3V3 Power ! Z
\U Blow 4A TPS54531 TPS22965 Management IC L5
2
: (%]
Power !
12vbctosy | USB_SV Button S
4A TPS54531
Figure 43. System Power Management Block Diagram
4.3.1 Input Power and Conditioning

The board is powered from a 12V 5A power supply using a 2.5mm x 5.5mm connector.

There are three switching regulators that are used to create the four main voltage rails
required by the system.

5V0........... Provides 5V to the PMIC, LEDS, HDMI, and the expansion headers.

PS3V3........Provides the main 3.3V I/O rail supply, via the SW, and to the
PMIC.

VDD_3V3....Provides main I/O rail for the board and the expansion headers.
This is controlled by a power FET.

USB5V....... The USB requires a lot of current to meet the USB3 requirements.
This switcher is dedicated to supplying the power to the USB3 ports.

There is a fuse provided to limit the current to the 5A rating of the power supply. The
fuse is replaceable.
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43.2

PMIC

The figure below is the high level block diagram of the TPS659039-Q1 Power
management IC used on the board.

vars var
+
o =] e | 2
\
T I L
F2 7 e
Jsoom = E -
Eeot ':—“"E 00T 4 H ! é i %g
s gl o SMPS1
= EnEON Gl 3A
— ,.,—_: e LDOVANA | LDOVRTC ,| Parhgmt (DVS)
L ) Contro [Stave]
Gl ] inpute VL It sy —
EN
p SMPS2
=]
TPS659039-Q1 |
[Master]
sema | o <
Appsation mEsa— foos e
processor P Pecz on oo o DFT — 3A
=S Mutii or
S — Canio ==p| S
P = — :
o intermupt_ SMP
promscon vl Y
> veot os)
P LLT W ey EN Master]
VEUSDET . VEEL
I QEP_ Programmatie Power |
| 4 sequencer controller
| = v SMPSE
o 2| H ECO 24
| n A 2 PWM (OV5)
| A DVS
| G703 3 Switch ON or OFF [Siave]
/ 7| |3
S0 signais and f SR04 — e
ecoara \ w—@;‘f_-ﬂ' 3 Trme
;4 phases
; i = | [T EMPST
=3
WOT e Muiti or
o 7 [u— Stand-
| Rl X| rowesson along]
\
V[ Ll L
oscieum = spss
= 16MHz = e
1 osdlator > N
T | osciemour > RTC
_
Imt=ma suPss -
o | es S| | suess
O5C 16MCHE oscillator] = swem o L oo
| —="p| smpss
ZSJ; (CLEIZME0 Ouput WEEL 1A SMPSS FDBK 1 i
bufiers oove | e s L B
1 T T
SMPSS N s
. v
" | = [ sMpsy | swemaw ) >
R — 1A SMPE FDEK 1 -
i 1 —— = ==
12-tit Thermal SMESS ¢
& SD-ADC monitaring - T T
Thermal shutdown
Hot die detection
vaa N
REFCRDT and Grounds
.;I biss
o A o | o -
e | il i L L
r b ryY
LDOWN| | LDO1 LDoz LDO3 LOOUSE
100mA | | 00mA| [300ma| | 200ma 00mA
= L. — T
= : el E 5 E EJ | E T2 |8
3 ﬁ 8| o = a8 £| o B |B |2
5l & # g & & & g |18 |2
3] 9 g) 9, g 8 8 g )9 18
=
Y =] HY. Ca4 " 45
' f L

Figure 44. TPS650374 Block Diagram
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The PMIC has multiple switchers and LDOs that provide power to the processors and the
overall system. The one exception to this is the VDD_3V3 rail that is used to power the
I/0 rails of the processor and the other devices in the system. This rail is controlled by the
TPS65039 to insure proper power sequencing. The table below shows the distribution of
the various rails and the sequence in which they come up.

Table 4. Power, Current, Sequencing and Distribution

SIGNAL ‘ VOLTS mA DELAY | PMICRAIL
250

1 LDO_VRTC 1.8v 0 LDOVRTC ON ON vdda_rtc

vdds_mlbp
Forced vdds18v
2 VDD_1V8 1.8V 1000 550 SMPS8 PWM OFF vads18v_ddrl
vdds18v_ddr2
3 VDD_RTC 1.05V 50 0 LDO9 ON ON vdd_rtc
vdda_abe_per
vdda_ddr
vdda_debug
vdda_dsp_eve
4 VDDA_1v8_PLL 1.8V 100 550 LDOLN ON OFF vdda_gmac _core
- - vdda_gpu
vdda_iva
vdda_video
vdda_mpu
vdda_osc
5 VDD_CORE 1.03V 2000 550 SMPS6 Forced OFF vdd
PWM
6 VDD_MPU 1.09V 6000 550 SMPS182 F;vrvcf/ld OFF vdd_mpu
vdd_dspeve
Forced
7 VDD_DsP 1.06V 4000 550 SMPS48&5 PWM OFF vdd_gpu
vdd_iva
vdda_usbl
vdda_usb2
vdda_hdmi
8 VDDA_1V8_PHY 1.8V 200 0 LDO3 ON OFF vdda_pcie
- T vdda_pcie0
vdda_pciel
vdda_sata
vdda_usb3
9 VDD_SHV5 3.3V 300 550 LDO2 ON ON vddshv5
vddshv1
vddshv10
REGEN1 vddshv1l
(TPS54531D vddshv2
10 VDD_3V3 3.3V 550 via ON OFF vddshv3
TPS$22965 vddshv4
switch) vddshv6
vddshv7
vddshv9
SMPS3 ON OFF vdds_ddr2
11 VDD_DDR 1.35v 2000 550 :g:’j—jrderf;
TPS51200 ON OFF ddr2. wrefo
vdda33v_usbl
12 VUSB_3V3 3.3V 100 0 LDOUSB ON OFF vdda33y_ush2
13 VDD_SD 3.3V 300 550 LDO1 ON OFF vddshv8
14 RESET_OUT ON OFF

Page 50 of 88




REF: SRM_X15 BeagleBoard X15 System Rev Bl
Reference Manual

In order for the board to power on, you will need to press the power button one time.
Press and release and do not hold the button down.

4.3.3 Indicators

There are two orange indicators on the board for the power rails:

e DC...indicates that the 12V DC supply is connected. It does not indicate that the
voltage is within specification, but only that it is connected.

e POWER...indicates that the PMIC has powered on and that the voltages are then
applied to the board. It does not indicate that any voltages are within
specification, but only that it is connected.

4.3.4 Voltage Clamp Circuits

VDD_3V3| VDD_3V3

R418 R419
500,1% < BINTIRY

o _R429 J10K,1% 4

TRN_2N2907 ]

Q8
uss
TLVH431 R420

RAZS
. 1%

40K, 1% §
VDD_1v8| J \DD_1v8
VDD_SHws| }DO_sHvs
RAZE RAZ
500.1% Dh
L R430 10K 1%
Ti\_:\:?ﬂjg j
g ],

vCo_1val l joo_1va

Figure 45. Voltage Clamps

During power down it should be ensured that the difference between VDDS and
VDDSHVx [1-6] during the entire power-down sequence is < 2 V. If this is violated it
can result in reliability risks for the processor.
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This solution was added to make sure that the difference between the 3.3-V VDDSHVXx
rails and the 1.8-V VDDS rail never exceeds 2V.

435 USB Power Bus

The board is designed with a USB 3.0 HUB and supports three USB 3.0 ports. The
requirement is that each port support up to 900mA per port. For a high current charging
port, this number is raised to 1.5A. This brings the total to 3.3A max of 5V. In order to
supply this much current if needed, a dedicated 5V switcher is supplied. The figure
below shows the switcher.

12VDC TO 5VDC 4A % D24
oy o SKB4AFL-TP usB_5v
= _[ca01 u28
g1 1 u28 8
0.1uf ,25V,0805 2 oot o 2

alo

Uss 3 3 VIN GND
Uss 4 4 |EN  Qcowmp

4 7uH
028 6
SS & VSNS
TPS54531D o,
C408
_— USB_SNS _ 110.2K,1%
.2nF,10V,0201

= R295
) C409
_ZpF

A#5.3K

O
N
o
®

R294

uF,lOVII*

1'dh

C402 |[4.7uF,50V.LESR]
169K

C440 |[4.7uF,50V.LESR]

2
U28 RC

_kao

.001UF,50V]

Figure 46. USB 5V Switcher

J|[Ro8K.1%

The switcher is capable of supplying up to 4A. It is not expected to reach that much, but
the capacity is provided. In the event that it is required to compensate for onboard voltage
drop, the voltage level can be adjusted by changing R292 and R296 as indicated in the
datasheet for the switcher. The need for this is not expected, but a user may want to
create a little higher voltage to compensate for devices connected to the ports.
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4.4 AMS5728 Processor

This board is designed to support the AM5728 processor. For detailed information on the
AM5728 processor you can go to http://www.ti.com/product/AM5728/compare for more
information. Figure 47 is the block diagram of the AM5728 processor.

Sitara™ AM572x Processors

Beneﬁn i .
Sitara's highest performance ARM® High Speed Interconnect

devices w/DSP accelerators
10,500 ARM Cortex®-A15 DMIPS

’ ; | Video Acceleration PRU (Quad Core)
T — |
HD Video support % ) ! | IVA HD 1080p Video )

- - Industrial
Graphics Acceleration .
Communication

Sample Applications
Human Machine Interface (HMI)
Industrial PC

Digital Signage

BB2D

66320 Subsystem

EtherCAT" PROFINET",

' 32KBU EtherNET/IP™,
- Dis ‘aY PROFIBUS,

Medical Imaging
5“”5”“’"‘ POWERLINK, SERCOS 3
Key Features 2.5MB L3 Shared RAM w/ECC g

Dual 1 5GHz Cortex-A15s, 213MHz
M4s, and 750MHz C66x DSPs

e e o Ty—

32b DDR3/3L | . -
- 32b DDR3/3L [ Bk
| W/Ecc A - A(cele’atjcn
Muitipie Video Input Ports A\ \

3D (x2) and 2D acceleration

. Video Input POﬂS AES, MDS/SHA-256, SHA-
Display Subsystem mm 2x8b I 2x24b, 2x8b)
Quad core Programmable Real-ime

Unit (PRU)/Industrial Communications
Subsystem
USB3, PCle, SATA

System Services

EDMA | 13 mailbox RTC SDMA Secure WDT woT

Spinlock § 16 Timer m

Serial 10 i programmable 10

e | [ BT
o L 5 oy
3 ] ] o

Package: 23x23 760 pin, 0.8mm

Not available in AM5726

#i3 TEXAS INSTRUMENTS

Figure 47. AM5728 Block Diagram
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45  Memory Block Diagram

Figure 48 below shows the block diagram of the memory system on the board.

e uSD ....The SD card cage that supports booting for the processor

usD

FEEPRCM

eMMC

4GB

MMC1

DDR
Bank

12C1

AMSTHxX
Processaor

MMC2 DOR

Bank

DOR3L
256Mx16
512MEB

DDR3L
256Mxl6
312MB

DOR3L
256Mx16
512MEBE

DDR3L
256Mx16
312MB

Figure 48. System Memory Block Diagram

e EEPROM...provides board identification information

e e¢MMC....provides boot source for the processor

e DDR3L...main program space from which the processor operates.

Each of these are discussed in their own sections to follow.
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46  DDR3L

There are four 256Mb x16 DDR3L 2Gb (256MB) memory devices used in the design.
The memory used is either the MT41K256M16HA-125:E from Micron or the
D2516EC4BXGGB from Kingston. There are two 32 bit memory buses with two
devices on each bus.

4.6.1 DDRS3 Terminations Regulator

Figure 22 below is the regulator that handles the VTT voltage rail. The regulator creates
the voltage for the termination circuits and the DDR_VREF level as well.

VDD_DDR

VDD_3v3

i R286
—C389 R288 100K,1%
100F.6.3V < 10K, 196 TPS51200_10SON
= 10

VIN REFIN
VTT_PGOOD 9

PGOOD VLDOIN
8

DDR_REFIN
AN
4
ral @
2 &
g
I
2
g
S
i
g
<
ks
2
8
5
2
8
= f—1
o w
@
8
7
3
g

GND VO

PGND
5

VOSNS

N EAN N T

B
19 DDR_VREF_OFFn ) VIT EN EN

VIT_VOgNS 6
— REFOUT

PWRPAD

— u27
C399 - VTT_REFOUT
0.1uf,16V

“DDR_VREFSTL2 10p|: NPO

vTT
DDR_VREFSTL1 L? R335
20 015 T PS_3v3 VTT, TRAN 555138
AN > DDR_VREFSTLL 19,21
10K,1%
RO A0 DDR_VREFSTL2 20,22

Figure 49. DDR3 Termination Voltages

This regulator supplies the required functions for both of the DDR3L banks on the board.
Q5 and Q6 are added to force a drain off of the VTT voltage after powering off the

system to bleed off any residual voltage left on that pin in order to prevent damage to the
processor.
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4.6.2 DDRS3 Terminations Resistors

The figure below is the terminations on the control lines of the DDR3 interface. This is
the same for both busses. Only one is shown here. Refer to the schematic for more
information.

VT

T VvDD_DDR
19,21 DDR1_ODTO ¥ R360. A4 ,13/0 342 I| 0.22uF/201,
19,21 DDR1_CASn S Sgg]’\/\f’ioﬁ’ I
19,21 DDR1_CSNOS W %
19.21 DDR1_BAO R363\ \4X,1% 343 H 0.22uF/201
19,21 DDR1_AO} R364. 4 ,13/0 351 H 0.22uF/201,
19,21 DDR1_ALS Eggg\/\{ iojo
19,21 DDR1_A4> A% |
19.21 DDRI_ASS R367. ~3R.1% 352 || 0.22uF/201,

; R368. ~4%,1% 353 ||__0.22uF/201,

:119,21 DDR1_A9Y T T ||
9,21 DDR1_AT7y Roos /\A} >
19,21 DDR1_A13 T
19,21 DDRL A2S R371\ ~2X.1% 358 H 0.22uF/201

I 0.22uF/2(1
19,21 DDRIZAI10 R374,\/\A],1%
R3750 A4, 1% €370 I 0.22uF/2(1
|
|

19,21 DDR1 WEN .
19.21 DDRI17AL5

. R372. A4%1% C362
19,21 ppR1 RASN% R37§\;\\i§’1%

: R3760 A4Z.1% c371 0.22uF /201
igi DDDEQT%//::;% R377 1% l—‘
19.21  DDRL_BA2S R378 /\A}*l%
1021  DDRIALZS R379\ ~2X.1% C372 H 0.22uF/2(1

1921  DDRL ALLY R380 /\?,1% C379 || _0.22uF/201
1 AsS R38 1% ||—‘

19,21 DDRI A6y 2

19,21  DDR1_Al4 R382r\/\4}11/o

1021  DDRILASS R383. A, 1% €380 H 0.22uF/201
19,21 DDR1 CKE R282 A A32.9.1%
VDD_DDR
c38s
19.21DDR1_CLKON 3 R283 A N4R.9.1% DDR1_CLK_TERM H
19,21 DDR1_CLKO R284 A~ AR9.1% 0.1uf, 16V

Figure 50. DDR3 Termination Resistors
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4.6.3 Processor Interface

The figure below shows the connections to the processor. This is the same for both
busses. Only one is shown here. Refer to the schematic for more information.

U115
21 DDR1_DQMO <<>>—AD23 DDR1_DQMO DDR1_BAO —;;g—)DDRLBAO 21,24
o AH25 DDR1_BAL [ABIE— >>DDR1_BAL 21,24
21 DDRLDQS(Ké—m-s— DDR1_DQS0 DDR1_BA2 [———>)DDR1_BA2 21,24
21 DDR1_DQSNOK{———————— DDR1_DQSNO
AD2 N
AE25 DDR1_AO T(Ig— SDDR1_AO 21,24
21 DDR1_DO DDR1_DO DDR1_Al [ACo0—PDRLAL 21,24
21 DDR1_D1 DDR1_D1 DDR1_A2 [FARTg—— PDR1L_A2 21,24
21 DDR1_D2 DDR1_D2 DDR1_A3 |————»)DDR1 A3 21,24
21 DDR1_D3 DDR1_D3
21 DDR1_D4 b DDR1_D4 AF21 ’
21 DDRI1_D5 DDR1_D5 DDR1_A4 (AR )PDR1 A4 21,24
21 DDR1_D6 DDR1_D6 DDRI_A5 [FAGIE——¢DDR1AS 21,24
21 DDR1_D7 DDR1_D7 DDR1_A6 [FAEsT——)PDR1_A6 21,24
DDR1 A7 [ . DR1_A7 21,24
21 DDR1_DQM1 <<>,>¢ DDR1_DQM1 AF22 .
X AE27 DDR1_A8 [(AED? >DDR1_A8 21,24
21 DDRl—DQS:K.g—mS_ DDR1_DQS1 DDR1 A9 mI—}DDR17A9 21,24
21 DDR1_DQSN1{{—————————— DDR1_DQSN1 DDR1_A10 [Fappp——PDR1_A1L0 21,24
- DDR1_All [————))DDR1_All 21,24
AC23
21 DDR1_DS8 DDR1_D8 AC21 .
21 DDR1_D9 DDR1_D9 DDR1_A12 FAFTg—PDR1 A12 21,24
21 DDR1_D10 DDR1_D10 DDR1_A13 [FRE7———»PDR1_AL3 21,24
21 DDR1_D11 DDR1_D11 DDR1_Al4 [FADTE—QPDR1_Al4 21,24
21 DDR1_D12 DDR1_D12 DDR1_Al5 [—— >DDR17A15 21,24
21 DDR1_D13 DDR1_D13
21 DDR1_D14 DDR1_D14 AF20 .
21 DDR1_D15 DDR1_D15 DDR1_RASN })DDRliRASN 21,24
21 pDR1DQM2 (OS2 DDR1_DQM2 DDR1_CASN AC1S SYODR1_CASN 21,24
. AD27
2DDR1_DQS2 <§—;;D-zy DDR1_DQS2 AH21 -
2DDR1_DQSN2 <— DDR1_DQSN2 DDR1_WEN >>DDR17WEN 21,24
e V20
21 DDR1_D16 > DDR1_D16 AE20 ’
21 DDR1_D17 DDR1_D17 DDR1_ODTO })DDRLODTO 21,24
21 DDR1_D18 DDR1_D18
21 DDR1_D19 DDR1_D19 AG22 -
21 DDR1_D20 DDR1_D20 DDR1_CKE })DDRLCKE 21,24
21 DDR1_D21 DDR1_D21
21 DDR1_D22 2, DDR1_D22 AH23 i
21 DDR1_D23 DDR1_D23 DDR1_CSON })DDleCSNO 21,24
AA27
21 DDR1_DQM3 <K>——— DDR1_DQM3
21 DDR1_DQS3 éé—;%g— DDR1_DQS3 AG24 i
21 DDR1 DQSN3 {{—— DDR1_DQSN3 DDR1_CK (AR >DDR1_CLKO 21,24
AA23 DDR1_NCK [——————>)DDR1_CLKON 21,24
21 DDR1_D24 DDR1_D24
21 DDR1 D25 DDR1_D25
21 DDR1_D26 DDR1_D26 AG21 .
21 DDR1_D27 DDR1 D27 DDR1_RST ->>DDR1_RST 21
21 DDR1_D28 DDR1_D28 -
21 DDR1_D29 DDR1_D29 DDR_VREFSTL1
21 DDR1_D30 DDR1_D30 -
21 DDR1_D31 DDR1_D31 Y18 DDR_VREFSTL1
DDR1_VREFO
VDD_DDR
273
R273 Vs 22 . 1uF/201
1K.5% X— DDR1_DQM_ECC GPI07_11 ——<K DDR_VREF_OFFn 24
DDR1_DQS _ECCV27 =
DDRL DQSN EcC_ V28 | DDR1_DQS_ECC DDR1 CKE
DDR1_DQSN_ECC
w22
R274 X731 DDR1_ECC_DO R333
1K 5% XW1T9 | DDR1_ECC_D1 47K
’ 2v73| DDR1_ECC_D2
i Xy751 DDR1_ECC_D3
— X722 DDR1_ECC_D4 —
- X751 DDR1_ECC_D5 B
Xv75| DDR1_ECC_D6
>— DDR1_ECC_D7

AM572x

Figure 51. DDR3 Processor Interface
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4.6.4 DDR3L Connections

The figure below shows the connections to the DDR3 memory device. One device has
connections to DDRDO to D15. The other device has connections to DDRD16 to D31 as
shown below. You will notice that the DDR data pins are scrambled. This is done to
facilitate the layout of the board and provide for an optimal layout. Address line
DDR1_A15 is not used in the default configuration as shipped. If desired a 1G DDR3
part can be used, which will double the memory on the board.

ZQ1 HI R275

z-DDRl_DZG 19
<¢DDR1_D27 19
2 DDR1_D30 19
> DDR1_D28 19
2-DDR1_D31 19
¢ DDR1_D29 19
g DDR1D25 19
> DDR1_D24 19
lz-DDRl_DlQ 19
¢ DDR1_D21 19
¢ DDR1D17 19
> DDR1_D20 19
2-DDR1_D18 19
¢ DDR1_D23 19
JDDR1_D22 19
> DDR1_D16 19

>DDR1_DQS2 19
>DDR1_DQSN2 19
> DDR1_

DQM2 19

>SDDR1_DQS3 19
QODR1_DQSN3 19
> DDR1_|

DOM3 19

240,1%

=

DDR_VREFSTL1

L278

u24
DDR1 Al5 M7
DDR1_AT4 T7 | NC.M7/A15 A3
DDRL_AL3 T3 Al4 DQ15 [B8
DDR1 AL2 N7 | AL3 DQl4 [AZ
DDR1 ALL R7 | Al2 DQ13 &7
DDR1_AL0 7| ALl DQ12
DDR1_AQ R3 AL0 c2
DDR1 A8 T8 | A9 DQ1l1 T8
DDRL_A7 RZ | A8 DQ10 T3
DDR1_A6 R8 | A7 DQ9 [D7
A6 DQ8
DDR1 A5 P2 H7
DDR1 A4 P51 A5 DQ7 |z
DDR1 A3 N7 | A4 DQ6 [HB
DDR1 A2 P3| A3 DQ5 [H3
DDRL AL P7 | A2 DQ4
DDRL_AO N3 | Al 8
B A0 DQ3 [FZ
DDR1_BA2 M3 DQ2 [F7
DDRL BAL Ng | BA2 DQ1 [E3
DDR1 BAO Vo BAL DQO
= BAO
DDR1_RASN J3 F3
DDR1_CASN K3 | RASH LDQS 'G3
DDR1_WEN [3 | CAS# LDQS# [E7
= WE# LDM
DDR1_CSNO L2
cs# c7
DDR1 _CKE K9 UDQS [B7
- CKE UDQS# D3
DDR1 ODTO K1 UDM
oDT
DDR1_CLKO J7 L8
DDR1_CLKON K7 CK zZQ
CKi#
DDR1_RST T2
RSTn V8
VREFCA [HT
9 VREFDQ
5& NC.L9 A9
ii— NC.L1 VSS.1 g3
YENC.J9 VSS.2 BT
g% NC.J1 VSS.3 G
Do VDD.1 VSS.4 33
G7| VDD.2 VSS.5 Mt
VDD_DDR gg— VDD.3 VSS.6 Vg
NT | VDD.4 VSS.7 [FPT
No| VDD.5 VSS.8 [P
RT | VDD.6 VSS.9 1T
R VDD.7 VSS.10 [Tg
AT | VDD.8 VSS.11 BT
A8 | VDDQ.1 VSSQ.1 [BY
CI | VDDQ.2 VSSQ.2 DT
T9 | VDDQ.3 VSSQ.3 Dy
Dz | VDDQ.4 VSSQ.4 [FE7
E9 | VDDQ.5 VSSQ.5 [E3
F1 | VDDQ.6 VSSQ.6 [F9
A7 | VDDQ.7 VSSQ.7 [GT
Ho | VDDQ.8 VSSQ.8 [ &9
VDDQ.9 VSSQ.9
K2 32
VDDL VSSDL

256MBx16 DDR3L

Figure 52. DDR3L Memory Device connections
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47 4GeMMC

A single 4GB embedded MMC (eMMC) device is on the board. The device connects to
the MMCL1 port of the processor, allowing for 8bit wide access. This is the secondary
boot device but as long as a bootable uSD is not inserted, it will be the primary boot
source. The expectation is that this will be the primary boot source for the board.

Figure 21 below is the connection schematic of the eMMC to the processor.

VDD_3V3
T_ R249
—\\

0.1% C266| C267|

MMC2_3V3

MMC2_3v3

0.22uF/201] 2.2uF,§.3V
VDD_3V3
I N N e T e N - )
n Ie] n ['e] n el n ] n
SERERRERE = EMvC_VDD1.1
o
2 S ll
< < << << <K< 02§__L_259 1
S X 22 <2<l
glelelglglels |g |8 47uF.6.3y b.22uF/201 c270
< < < < < < < < <
SIS EI2 122 Shinrkominkolx alok o Bloto| « 0.1uf, 16V
U11-13 Sz IzIzZI1ZI1Z 12 12z I |z » SREEREEEOE ZRERAQOWERE| O =
37 Z | | | |6 |0 |6 |6 o |6 MMC2 CLK Mg =
MMC2_CLK [ -5 NINMG2—CMD w5 Clk 330335888 388372323 O
MMC2_CMD |7 VMG 2 DATO AT|CMD QQQQ8888Y BBRR>>55> =
MMC2_DATO [J5 VG2 DA AT DATO 288988 >>5>
MMC2_DATL [HZ VG DA A5 DATL
MMC2_DAT2 [H5 VNG DA B2 DAT2
MMC2_DAT3 [ K7 MVCo DA B3| DAT3
MMC2_DAT4 |7 VG DA B4 DAT4
MMC2_DATS [J5 VNG DATE B5| DATS
MMC2_DAT6 [KE MMC2_DAT? BG_| DAT6
MMC2_DAT?7 K5 DAT?
3,8,16,26,2RSTOUTn <O>————————— RST
AM572x
MEM_MNAND_4GB

The board has an EEPROM for the storing of information about the board. This
information can be used by the software to determine the board’s information such as
name and revision. When J2 is installed the EEPROM can be written to. J2 is not
installed to prevent writing over the EEPROM information.

VDD_3V3
Cc81
Io 1uf,1pV
us
8 1
7| VCC AQ [
X 5 WP Al &3
2,3,15,16 12C1_SCL < 5% SCL NC &7
2,3,15,16 12C1_SDA <{ T SDA VSS
32 2 MEM_24WC256_8SOIC =
L
1 HO O 2 R37 RD_3v3
0K, 1% —
HDR_1x1_M .1
= WRITE ENABLE

Figure 54. EEPROM Circuitry
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4.9 uSD Connector

The board is equipped with a single microSD connector to act as the primary boot source
for the board if inserted and configured as bootable. There is no boot button as on earlier
boards. The uSD is the default boot option so if it is inserted it will boot from the uSD
slot if a bootable source is present. The figure below is the circuitry for the uSD card
connector.

VDD_SD
VDD_SD
271
SRCEERER RS 10uR6.3V | 0.1uf,16V
o <D: (14 <K @\
$ i
s <5 23 NSRS =
X X X X 4 X
U11-13 Sl lg g B 12
MMC1 _DAT2 R266, ’3;.5% CON_MMC1 DAT2 1 9
MMC1_DAT2 ["v3 WIVCT DAT3 R268n33,5% CON_MMC1_DAT3 7 | DAT2 GND 710
MMC1_DAT3 [~yg MVMCT_CND_R267,n33,5% CON_MMCT_CMD, 3| CD/DAT3 CD 11
MMC1_CMD 7| CMD GND3 [T7
W6  MMC1 CLK 9 CON_MMC1 CLK 5| VDD GND4 73
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Figure 55. uSD Circuitry

410 Boot Modes

As supplied, the board is strapped to boot from the uSD card as default, followed by the
eMMC. If desired, the user can remove the resistors and add jumpers to implement an
option based boot mode scenario.

The Table 5 below shows the modes selected by the three jumpers.

Table 5. Boot Options

1-2 2-3
BOOT J3 X
from SD
then J4
MMC
© J6
BOOT 53 X
from Ja X
UART
J6 X
BOOT from J3 X
SATA then Ja X
SD
J6 X
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The figure below is the schematic of the boot option jumpers. By default, the board does
not have the headers loaded and there are resistors that short out pins 2 and 3 of each of
the jumpers.

a M Jg
- AR TR 011 15 14 15 15 17 1R 9 oE o - 1 1 1
VDD_3v3 »VDD_3V 2346780,10,11,12,14,15,16,17,18,24,25 26,2 VDD_3v3 VDD_3v3)
———<voD_ava 67.80,10 817,18, 5 2} =} .|||—2_12
5 k] 3 VDD_3vy 3
J__—HDH 1x3 J__ HDR_1x3 HDR_1x3
230, J0K.1%
1327 Rig2 10K, 1%
132 187 10K 1%

RTat

Riga

HTa3
1189

TOR, 1

0K 1
[

TORE 1%

Figure 56. Boot Pin Settings

The boot pins are also routed to the expansion headers. In the event an expansion board
was created, the boot modes could be overridden. Care should be taken if thee pins are
used for other functions, that they not be driven during power up when they are sampled
for the boot setting.
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411 12C1Bus

The 12C1 bus is only connected on the board and does not appear on the expansion
headers. There are four devices connected to this bus:

e Board ID EEPROM
e Temperature Sensor
e TPS65074 PMIC

The figure below shows the connection between the processor and the devices.
usg

8 1
U11-7 D—7—: vCce A0 [
C20 D_g' WP Al [3
12C1_SCL [ToT 5 SCL NC [&7
12C1_SDA SDA VSS
AM572x MEM_24WC256_8SOIC =
u18
8
g% SCL
SDA
TLV320AIC3104
VDD_3V3
VDD_3V3 ci5 5 U4 s
O.luf,16£] ) | v+  ALERT [—0O
o ~ — & SCL 4
o = SDA  ADDO
2
| GND
K i@ TMP102AIDRLT  —
S :1 =
X X
N N UsB
W N L2
2,7,15,16 12C1_SDA <>, T 12C1_SDA_SDI
2,7,15,16 12Cc1_SCL < 12C1_SCL_SCK

R1R . ~DNI0402 PMIC SDOH8

R DNI.0402 __PMIC_SCEM3 | 12C2_SDA_SDO
13~ DRLOAO 12C2_SCL_SCE

Figure 57. 12C1 Bus
The table below provides the addresses of each of the devices on the bus.

Table 6. 12C1 Device Address

DEVICE \ ADDRESS FUNCTION
TPS65039 0x58 Power Registers

TPS65039 0x59 Power resources

TPS65039 0Xx5A Trimming and test
TPS65039 0x5B OTP
TPS65039 0x12 DVS

EEPROM 0x50 Board information

TMP102 0x48 Temperature

AIC3104 0x18 Audio CODEC
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412 Ethernet

There a two 10/100/1000 Ethernet ports on the board that connect to the RGMI|I
interfaces of the processor. They are accessible via a stacked RJ45 connector.

Figure 58 below is the block diagram Ethernet section.

RGMIIO Micrel RI45
PHY

I 10/100/1000

L_INT
|
RGMII1 _
Micrel RJAS
PHY
AMS7xx 10/100/1000
Processor

Figure 58. Ethernet System Block Diagram

The external circuitry is the same for both of the Ethernet PHY devices in the following
sections only port 0 will be described.
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4,12.1 Ethernet 0 Processor Interface

Figure 59 below shows the connections between the Ethernet 0 PHY and the RGMI|I
interface of the processor.
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ol o 1
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| V4 ENAC(0) RXD3R % R_EMAC[0]_RXD 77 - Q 17
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? XX xo 2 Za'>z
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GPIO3_17 KSZO0SIRNY g | @lo| o =1 2
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MDM'S‘ODAJLAK MDIO_DATA 12 = )
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VDD_3V3 O,M o
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> 47K
R95
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0,1%

C219
10uF,DNI
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Figure 59. Ethernet 0 Processor Interface

Resistors R72-R77 are used to set the default modes of the PHY. You can refer to the
KSZ903RNX datasheet for more information on these settings.

The PHY uses a 25MHz crystal to generate the required clocks.

A series of 22ohm resistors are used in series with the RX signals from the PHY to the
processor to prevent reflections. Zero ohm resistors are supplied in the TX path to
provide test points if needed. They could also be used to minimize reflections if required.
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An optional reset signal, GP103_17 is provided if there is a need for an asynchronous
reset of the PHY from the processor. This is not enabled by default. It also connects to
Ethernet 1 port as well.

4.12.2 Ethernet PHY Power

Figure 60 shows the power connections to the KSZ9031RNX PHY.

ETHO_3V3 Q1
FDT434P

ETHO 1.2V 1 ~~~A_2 FBL EO0_PLL

205 c206 k207
I 1500HMB0OMA 208 C209
47uF,6.3V,1206 . 1uf, 16V . 1uf, 16V FB2 10uF,6.3 0.1uf 16V
1 ~~AA2 AVDDL
) ) ) 1500HMB0OMA EZIO lgzu
EOUF‘GG 0.1uf), 16V
VDD_3v3 ETHO_3V3 = =
FB4
1 o~ 2 E0_DVDDL
FB3l ~~~~_2
1500HM800mA 1500HM800mA
ETHO_LDO 212 c213
214 1 _10uF,6.3V _| _ 0.1uf,16V
47UF,6.3V,1206 ) )
e () OoMmD P OCORN <
- i SRRPBRBEKPp| SBPRN| I
2
O 99389 Z9T PIPTT 2 TR A[FTO
o OooOOODDD sosaaa & DRMA 5O
2 00Q00Q00Q Apnoa o L
S 55555555 85858 37 TRXP_B [g—=
a7 bBBBbBAII FEBIX &  TRME D
O—35— MDIO Z TRXPC[g—o
G—— mpC TXRXM_C 1o
33 TXRXP_D TD
O—35 RX DV T™XRXM D [—FH
O—a RX_CL
=5t mos KSZ9031RNX
B—271 RXD2 -DI Q 17
o RXD3 48 pln FN LED1/ PME_N1 0
25 o 15
O—p71 TX_EN Z, LED2 —0
O—g1 GTX_CLK Q w
O—5—1 TXDO -2 2
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Bz 102 uy Z .z
B mosy _o @35 & 0%%0
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Kszgoiswai © l Nfi a,l o f J(
< < < (3] —

Figure 60. Ethernet Power Diagram

An external FET is required to generate the 1.2V required by the PHY core. The FET is
controlled by the PHY itself. The FET requires some heat sink function which is
provided by the PCB layout in the form of added copper.

All power for the PHY is derived from the VDD _3V3 rail, the main board power. Filters
are provided on all rails to minimize noise.
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4,12.3 Ethernet 0 RJ45 Connections

Figure 61 is the connections from the PHY to the RJ45. Each of the pairs of signals an
run as differential pairs on the board layout.
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Figure 61. Ethernet RJ45 Interface

Two LEDS, one red and one green, are located in the RJ45 connector and are driven by
the LED outputs of the PHY.
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4.12.4 Ethernet 1 RJ45 Connections

Figure 37 is the connections from the PHY to the RJ45. Each of the pairs of signals are

run as differential pairs on the board layout.

VDD_3v3

o

220,5% “R98

-
B

gi
.

4 oo B

38

S
[Te]
S
u1s ¥ R 4 h N
2 P1_TRD[O]P
O 83833392333 R2IPTT I TRXA[Z BT TRD[O]N
0 22000000 J/5000 % TXRXMA[TS —
A 00000000 Affooad o TRAP B P1_TRD[1]P
- 23223822 2222z D B ® P1_TRD[1]N
37 . e %éﬁ%‘ 7 PL_TRD[2]P
B35 < C[8 P1_TRD[2]N
O0——— MbpC TTQ;%,S 10 P1_TRD[3]P
33 D 11 P1_TRD[3]N
O—35 RX DV TXRXM_D
O—37 RX_CLK
5| ro0 KSZ9031RNX
g ggé 48 N FN J3 D2 D2
O - 17 E1 GRN D
O——— RXD3 pln Q LED1/ PME_N1 J3 D4 b4
25 o 15 E1 YEL N
O—o7{ TX EN o Z, LED2 '
O—1g{ GTX_CLK w Q |" 3 3
B35 ™X00 22 Z 5 5 : z
O—p11 ™01 oy~ XX
O—5{ TXD2 58 z =
B——mosly _o 02 & 0%80 2 ¥
- x x o = zZo>2z2 3 A
X X
J J i .

il

Figure 62.

Two LEDS, one red and one green, are located in the RJ45 connector and are driven by

the LED outputs of the PHY.

—ETH1 3Vv3

Ethernet 1 RJ45 Interface
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413 HDMI

There is a single HDMI interface present on the processor. No external framer or

circuitry other than protection circuitry is required. This interface is capable of doing
1920x180 at 60 FPS.

Figure 63 below is the HDMI interface circuitry.
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Figure 63. HDMI Interface Circuitry

Each of the output pairs are filtered using chokes FL1-FL4 specifically designed for
HDMI emissions suppression. This is to help on the FCC and CE emissions testing. Also
provided is ESD protection in the form of D12-D19.

U21 provides for the level shifting interface to the HDM connector. It also provides
55mA at 5V to power the EDID EEPROM on the monitor. It is not intended to provide
power for a HDMI to VGA converter.

The two pullup resistors for the 12C are not populated because the level shifter has its
own internal pullups.

A full size HDMI connector is used as the interface to the display.
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41  Audio

There are two sources of audio from the board, the HDMI interface or the stereo
CODEC. Only the CODEC will support Audio input. This section covers the stereo
CODEC.

41.1 Processor Interface

Figure 64 below shows the interface between the processor and the AIC3104.

uls

3,8,18,26,27  RSTOUTn ) RESETn
8
2,3,7,15 12C1_SCL 28 g SCL
1117 2,3,7,1’5517 12C1_SDA ] SDA
AIC MCLKR R22 22,5% AIC_MCLK
XREF_CLK1 "FTI5—AlC WCLKR Rzzw,s% ATC_WCIK 3| MCLK
MCASP3_FSX [BT8 AIC_BCLKR R227 \5‘5% AIC_BCLK 7| WCLK
Mﬁéigg{i%é BI9 AIC DINR__R225 5% AIC_DIN Gl g(,:,\""(
_ CI7 AIC_ DOUTR D AIC_DOUT 5
MCASP3_AXR1 ~ R229\ ANJA.5% - DOUT
TLV320AIC3104

AM572x

'||I 20K, 1%4  R231
|” 20K, 1% R232

Figure 64. Stereo CODEC Processor Interface

The AIC3104 requires a master clock (MCLK) that is supplied by the processor using
the XREF_CLK1 pin. Depending on the requirements, this clock can be any range from
512KHz to 50MHz. The most likely frequencies to be used are 122MHZ, 13MHZ,
16MHz, 19.2MHZ or 19.68MHZ.

Connection to the processor uses the McASP3 12S interface.

RSTOUTN signal provides a reset to the AIC3014 whenever the system is reset.

The 12C1 interface is used to change the internal registers of the AIC3104. The 12C
address is 0x18.
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412 Power Circuitry

Figure 65 below is the power circuitry for the AIC3104.
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Figure 65. AIC3104 Power Circuitry

The primary power source is the VDD _3V3 rail. You will notice a filter is used on the
rail in order to keep the noise down on the audio I/O. After the filter the rail becomes the
VDAC 3CVa3 rail. This rail is then run through ferrite beads to create the AVDD_DAC,
IOVDD, and DRVDD rails.

The core circuitry inside the AIC3104 requires a 1.8V power rail on the DVDD pin. The
TPS77018 device generates that voltage from the VDAC_3V3 rail.

There is a separate ground plane under the CODEC that connects to the system ground at

a single point through FB9, a ferrite bead, in order to minimize any noise that might be
present in the ground plane.

Page 70 of 88




REF: SRM_X15 BeagleBoard X15 System Rev Bl
Reference Manual

41.3 Audio In/Out

Figure 66 is the audio jacks for the Audio in and out.
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Figure 66. Stereo CODEC Audio Connections

Each of the connectors is a 3.5mm stereo jack. D8-D11 provides ESD protection for the
user connections. The termination signals on the interfaces are connected to a single point
ground. In the layout is a single dedicated ground for the CODEC circuitry. It is
connected to the system ground through FB9.
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4.2 USB 2.0 Client Port

The board has a single USB OTG port that is configured as a Client port by default. The
Figure 67 shows the design of the circuit. D40 provides the ESD protection for the
signals.

If you look at the full schematic you will see an option for routing these signals to an
expansion board. You can swap R321 and R320, putting the port into a host mode. If you
want to use it as an OTG port, an ID pin would need to be provided to the processor via a
GPIO pin. There is no dedicate ID pin on the processor.
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c231]|
| [0.1uf, 16V U11-10 R321

E25 USB2_ID 10K, 1%
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>Z 0| D40
o Nr
USB1 VBUS

Figure 67. USB Client Port

There is a VBUS detection circuit on the board. You will notice that it is isolated and not
used.. This was put into the design to compensate for the function not working correctly
in the PMIC> Once the PMIC was fixed, the circuit was no longer needed. In future
revisions, this circuitry will be removed from the assembly. It is left there for now, just in
case the PMIC falls ill again. Figure 68 shows this circuitry and the isolation points.

The USB2_VBUS connects direct to the PMIC and the PMIC_VBUS_DET is the output
from the PMIC confirming the detection.
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Figure 68. Alternate VBUS Detect Circuitry
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43 USB3.0and HUB

There are three USB3 ports on the board, implemented by using a USB3 HUB connected
to the processor. The processor only has one USB3 port and requires the HUB to handle

additional ports.

4.3.1 Processor and HUB Interface

Figure 69 shows the main connections between the processor and the HUB.

U11-10 ul7z
AB10 USB1_DRVVBUS B44
USB1_DRVVBUS [ADT? USB1 DP AZ6 | USB_VBUS
USB1_DP [TACTI? USB1 DM BZ27 | USB_DP_UP
USB1_DM = USB_DM_UP
AE12 PUSB_RXPO . USB_SSTXPO B39
USB_RXPO = €241 10.1uf, 16V = USB_SSTXP_UP

AF12 PUSB_RXNO c242| [0.1uf 16V USB_SSTXMO

A42

USB_SSTXM_UP

USB_SSRXP_UP

Cl4

USB_RXNO
AD1l  PUSB_TXPO USB_SSRXPO  A44
USB_TXP0 - C239| [0.1uf 16V =
AC1l  PUSB TXNO USB SSRXMO  B40
USB_TXNO - c244| [0.1uf .16V =
C27 USB1_ID
GPIO7_25 -

Al19

USB_SSRXM_UP

12C3_SDA D17

BI7

SDA_SMBDAT

12C3_SCL

VR392
R391

N
NN\

AM572x
R205
10K,1%

2.2K 1%
2.2K,1%

VDD _3V3

SCL_SMBCLK

TUSB8040A

Figure 69. USB3 and HUB Processor Interface

The USB signals are connected between the HUB and the processor via capacitors. The

TX and RX lines are swapped between the two.

There is not a dedicated ID pin for the ID function, so GP107_26 is used for that
function. Pulling it low sets the port to host mode. The 12C3 port is not connected by
default and is not currently being used for processor to HUB communications.
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4.3.2 USB3 Port Power Control

Figure 70 is the power control for the USB3 ports. Each rail is controlled by the USB
HUB. Each voltage rail has filter caps, bulk caps, and a ferrite bead for noise emissions
reduction. Resistors R293 and R298 set the current limit on each of the switches. Ports 1
and 2 are set for the 1200mA charge current. Only port one has that function enabled at
the HUB. The other USB3 port, port 3, is set for 900mA.

USB_5V
U29 BLM21PG221SN1D
2 USB1V L18 ~~~~_ USBIVBUS
3 IN1L OUT1 [ _USB2Y L17 ~AAA USB2VBUS
IN2  OUT2 7757 BLM21PG221SN1D
- 4 ILIM = R293 3 8 8 S
14 BATENO <<, 5 EN1 b{ 5 by
14 BATENL K> EN2 % o o o o
. 0 | — 5K, 1% 3 3 3 3
14 ocoé() 5 EAULTL 1 I8 g 5 g
14 0c1KL, FAULT2 GND [T w 5 L =l
PAD S ;_ 8 =
TPS2561DRC = = = = =
U30 BLM21PG221SN1D
2 USB3V L19 ~AAA, USB3VBUS
3| IN1 OUTL [ USB4V . . 120 ~NAAA, USB4VBUS
, IN2 OlliIT’\i 7 U307 BLM21PG221SN1D
%3 BATEN2 é{)}—s—‘ EN1 tzgs
BATENS K | EN2 63.4K,1% ad 8 9 3
N 0 PSS I
14 oc2 é()}—b—‘ FAULTL 1 =L 2L
14 0c3  K»)— FAULT2 GND [T 2 1z B Iz
PAD 3 3 2 3
TPS2561DRC = ER E R C R
- 3 = 3 =
o —lo o

i|
[

Figure 70. USB3 Power Control

The USB4VBUS is in support of the eSATA connector and can deliver 900mA to the
eSATA port.

Page 75 of 88




REF: SRM_X15 BeagleBoard X15 System Rev Bl

Reference Manual

4.3.3 USB3 Port Connectors

Figure 71 shows connections to the connectors on the board. The port has ESD
protection on all signals. P13 is a single USB 3.0 connector.

7

T, T

@
[a)
g o |ps p26[a |Z x
gz z [ p27[a IS
& © o |3 z (8
g + . + |2 o %
L [laYal oo|(d P
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14 USB_DPO < 5[ D+ 10
14 USB_RXMO 4 &1 RX- SHLDO
u USB_RXP0 < Ca46[[0.1ur.16V IR 87| RX+ SHLD1
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14 USB_TXP0 <, 11 TX+ GNDD
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. =

D35
GND 10
TPD1E10B06
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Figure 71. USB Port 1 Connectors

Figure 72 shows the connection for USB3 ports 2 and 3. P15 is a dual stacked UBS 3.0
connector. Each pin has a dedicated ESD device.

3 3
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Figure 72.

USB Port 2 and 3 Connectors

Page 76 of 88




REF: SRM_X15 BeagleBoard X15 System Rev Bl
Reference Manual

44  eSATA/SATA

Figure 73 is the block diagram of the SATA section.

eSATA

SATA

AMS57xx
Processor

SWITCH

20— W»nw 22> TV Xm

SATA_SEL

Figure 73. eSATA Block Diagram

A switch is used to direct the SATA signals to the onboard eSATA connector or to the
expansion header, where they can be used by add-on boards. If the signal on the
expansion header, P19-4, is left open, the signals go to the eSATA onboard connector. If
the pin is grounded, the switch is activated and the signals are routed to the expansion
headers. If the SATA signals are routed to the expansion headers, the eSATA connector
can still be used as USB port.

The Figure 74 is the detailed design of the eSATA interface. The eSATA interface is a
combination of two separate interfaces, SATA and USB. The eSATA port can be used as
an eSATA or a USB 2.0 port. Power for the eSATA is from the USB power pins, 5V.

The USB signals originate from the USB 3.0 HUB. The SATA interfaces originate from
the AM5728 processor via the switch.

Power is routed to the eSATA connector via the TPS2560 FET switch. It is capable of
providing the 5V at 900mA required by the eSATA connector.
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Figure 74. eSATA Circuitry
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45  Serial Debug Port

The Figure 75 is the serial debug port on the board. It provides TX, RX, and ground
signals. The SN74LVVC2G241 is an isolation buffer to prevent the signals from being fed
back into the processor when the board is powered off.

VDD_3V3

R236

C263]]

10K, 1%

| [70.10f, 16V ; P10
u20 et
8 —1 |
|
VDD_3V3} 7 \Zlgél 101§ p B UARTO RX | X7
. 5 3 5
15 UART3_ RXD <) 5 1Y 2Y 7 A 6
15 UART3_TXD <, 2A GND X
SN74LVC2G241 1
e ) HEADER 6

Figure 75. Debug Serial Port

The TX and RX signals are 3.3V level. In order to connect them to a PC, a USB to serial
converter is required. A common one is the FTDI USB to TTL cable as shown in Figure
76 below. May sure you use the 3.3V version and not the 5V version.

Serial Debug
Cable
Pin 1

Figure 76. FTDI USB to Serial Adapter
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4.6  JTAG Connector
A JTAG connector is provided for those requiring advanced debug capability. Because

the AM5728 processor has a pair of DSPs, those using the DSP may find this feature very
useful. Figure 77 below shoes the connection diagram.

VDD_3Vv3

4.7{<\/\' R59

EMU_RSTn {Op————————————

U11-14 VDD_3V3 P4 VDD_3V3
D20 TRSTN
TR?ATA’; et e s TRSTh |
DZ3 TDIR R 22.5% DI 3 n %
DI 80 ANZRS% 5 DI IS R62
F19 TDOR _R61 22,5% TDO 7] TVD KEY [Fg—X S ar
TDO ["ET8 RTCKR _R63 ,\/\;‘/5% RTCK 5| TDO GND.1 [1p <
RTCK [TE20 TCK R64 /\2/25% TCLK 1T | TCKRTN GND.2 [ 17 =
TCLK ["G2T EMUR _Re65 \ZR.5% EMUO 13| TCLK GND.3 17
EMUO / EMU_RSTH T5-{ EMUO EMUL [T§
- 17| SRST GND.4 18
R66 X—T9| EMU2 EMU3 [25—X
§ 4.7K X—— EMU4 GND.5
D24 20 Pin JTAG h
EMUIR = EMUL
EMUL R67 22,5%—

AM572x

Figure 77. JTAG Port

4.7 Temperature Sensor

A TMP102A temperture sensor is located nearthe processor. There is also a temperature
sensor inside the processor. This sensor is intended to measure the ambient temperature
near the processor. The sensor is connected to the 12C3 bus on the processor. The alert
pin that indicates the the temperature has exceeded th eset limit is onnected to GPIO7_16.
Figure 78 below shows the temperature sensor circuitry.

VDD_3V3
VDD_3V3 T
C15 < R15
47K
O.luf,lﬁg N
= ] u4 , J’
V+ ALERT TMP102_ALERT 15

1

37,1516 |2C1_SCL | SCL 4
3,7,15,16 12C1_SDA | SDA  ADDO [
2
| GND
TMP102AIDRLT =

Figure 78. Temperature Sensor Circuitry
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4.8 Real Time Clock

A battery back external Real Time Clock (RTC) MCP79410 is provided to keep the
current clock active while the board is powered down. It can be used in conjunction with
the internal Real Time Clock of the processor which will reset when power is removed
from the board.

In addition to the typical RTC functions, the device has 64 bytes of battery backed RAM
and 1Kb of EEPROM.

The CR1229 non-rechargeable battery supplies 35mAh of backup power which is
sufficient to keep the RTC active for a couple of years. Make sure you do not short the
battery by placing the board on a conductive surface when not in use as you will lose the
time.

Figure 79 below is the RTC circuitry.

BATL VDD_3V3
e ) :
+ R hd
CR-1220/FCN VDD_3V3 <
- <&
—
€30/ [0.1uf, 16V I||, <
CFS206-32.768KDZB Us I [ 0
2! <
1.2 RTC X11 8
1t RIC x22 X VCC 7 RTC_ALARM
Th X2 MFP &
| 7% VBAT SCL [§
VSS SDA VDD_3V3
= MCP79410, TFDN T
——cs31 ——Cc32
10pF,50V 10pF,50V § §
(1d(a 4
g
SR
U117 N
ci4 8|S
12C3_SDA D12 N[N

12CS_SCL
AM572x

Figure 79. Real Time Clock Circuitry

The RTC_ALARM connects to the Wakeup3 signal on the processor.

Communication to the processor uses the 12C3 bus. Registers and settings can be found
in the RTC datasheet.
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U11-12

4.9

GPIO7_8

GPIO7_9
GPIO7_14
GPIO7_15

User LEDs
There are four User LEDS on the board. By setting the corresponding GPIO pinto a1,
the LED will turn on. Figure 80 shows the User LED circuitry.
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Figure 80. User LEDs Circuitry

Table 7 below gives the GPIO pins used for each LED.

Table 7. User LED GPIO Mapping
LED | GPIOPIN
USERO GPI107_8
USER1 GPIO7_9
USER2 GPI107_14
USER3 GPIO7_15

Page 82 of 88




REF: SRM_X15 BeagleBoard X15 System Rev Bl
Reference Manual

4.10 Forgotten Pins

If you look on page 15 of the schematics, you will see a group of pins that are not used.
Figure 81 shows those pins.
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Figure 81. Forgotten Pins

These pins are useable from the AM5728 processor. The original design of the X15 was
to support both the AM5728 and the AM5718 processor with the AM5718 being the lead
for the design. In other words the plan was to make it work best of the AM5718. Along
the way things shifted toward the AM5728 as the initial processor. Those pins have
different functions on the AM5718, so they were not brought out to create a compatibility
scenario so as not to lose features when moving between the processors.

For more information on the differences between the two processor go to
http://www.ti.com/lit/an/sprabx8b/sprabx8b.pdf
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5.0 Expansion Connectors

There are four expansion connectors on the board. The connector used are the Hirose
FX18 series. Figure 82 below is a picture of the connector.

Figure 82. Expansion Connector

When the alpha board was designed, .025 pins and headers were used. The insertion force
and retention force of those connectors made them impossible to use as there were too
may signals. It was impossible to get the boards pulled apart.

On the final version the Hirose connector was used to reduce the insertion and removal
force significantly and to provide for higher speed signal handing required by the PCle
and SATA signals.

5.1  Expansion Header Pinouts

The following pages cover the functions found on the expansion headers. The actual
pinout is not covered in this document. This information can be found in the Pin Map
spreadsheet that is sortable on all columns, making it easier to search for pins across
various categories such as:

e By expansion header
e By function (PRU, LCD, etc.)
e Byname

The Pin Map spreadsheet can be found on the X15 Support Wiki.
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http://elinux.org/BeagleBoard:BeagleBoard-X15

5.1 Creating and Expansion Board

The expansion connectors are located on the bottom side of the board. There are three
possible options for creating your own expansion board.

e Create a board that connects to one expansion connector
e Create a board that connects to two of the connectors
e Create a board that connects to all 4 connectors

Figure 83 below shows the dimensions of the board and the placement of the connectors.
This view is looking through the X15. This would also be the same view used for any
expansion board that were designed. The expansion board mounts on the back side of the
board. DO NOT mount the X15 under the expansion board, unless it is mounted at an
angle to where you get proper airflow, such as when used with an LCD panel.
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Figure 83. Expansion Board Measurements
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The mating connector is the Hirose FX18-60S-0.8SV15. If you need different heights
than this one, they are available as well. Figure 84 is a picture of this connector.

Figure 84. Expansion Mating Expansion Connector

These connectors can be purchased from the following suppliers:

http://www.digikey.com/product-search/en?keywords=FX18-60S-0.8SV15

http://www.mouser.com/ProductDetail/Hirose-Connector/FX18-60S-
08SV15/?qs=sGAEpiMZZMvffgRu4KC1R93sqY37AFrhtQOh7fBPpugl%3d

http://www.newark.com/hirose-hrs/fx18-60s-0-8sv15/connector-rcpt-60pos-2row-0-
8mm/dp/59Y7142?0st=FX18-60S-0.8SV15&categoryld=&categoryName=

http://www.sager.com/fx18-60s-0-8sv15-3614937.html

https://estore.heilind.com/FX18-60S-0.8SV15/HIRFX18-60S-0.8SV15.html

Supply will vary so leave yourself enough time when ordering the parts.
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Figure 85. X15 Top Side View
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Figure 86. X15 Bottom Side View
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