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NOTE: This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can radiate radio
frequency energy and, if not installed and used in accordance with the instruction manual,
may cause harmful interference to radio communications. Operation of this equipment in a
residential area is likely to cause harmful interference in which case the user will be
required to correct the interference at their own expense. All accessories used with this
board must meet FCC certification to maintain compliance of this equipment.

NOTE:If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off ang@mnistencouraged to try to correct the
interference by one or more of the following measures:

0 Reorient or relocate the receiving antenna.

0 Increase the separation between the eqaipinmeceiver.

0 Connect the equipment into an outleircumtdifferent from that to which the raseiver
connected.

0 Consult the dealer or an experienced radio/TV technician for help.

Changes or modifications not expressly approved by this manual for compliance could void the
usero0s authorieny to operate the equipm

THIS DOCUMENT

This work is licensed under the Creative Commons AttribiBivare Alike 3.0 Unported
License. To view a copy of this license, viiip://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, selttp://creativecommons.org/license/restilts
one?license code=bsa

For any questions, concerns, or issues submit theyartdd @BeagleBoardrg

ﬁ beagle
Page2 of 164



http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/license/results-one?license_code=by-sa
http://creativecommons.org/license/results-one?license_code=by-sa
mailto:gerald@beagleboard.org

REF: BB_SRM_xM BeagleBoard-xM System RevisionC.1.0
Reference Manual

BEAGLEBOARD DESIG N

These design materialeferred to in this documerdre

*NOT SUPPORTED* and DO NOT constitute a
reference design. Only ncommu
resources dBeagleBoard.org/discuss.

THERE IS NDO 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
MATERI AL S nNAS | So WI THOUT W,
ANY KIND, EITHER EXPRESSED OR IMPLIB,
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 ASSUMETHE COST OF
ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

We meanit; these design materials may be totally
unsuitable for any purposes.
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BeagleBoawlg provides the enclosed product(s) under the following conditions:

This evaluation board/kitte&hded for use EMGINEERING DEVELOPMENT, DEMONSTRATION, OR
EVALUATION PURPOSES QiMdYs not consideredBbagleBoamtg to be a finishedprabluct

fit for general consumer use. Persons handling the product(s) must have electroniesetragning and o

good engineering practice standards. As such, the goods being provided are not intended to be complete il
terms of required designarketing and/or manufactuwfielgted protective considerations, including

product safety and environmental neeaypically 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, restrictRdld@)stangekng

(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or othe
related directives.

Should this evalwuation board/ kit not meet the s
bereturned withBD daysrom the date of delivery for a full refund. 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
MERCHANTABIYIOR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the use
indemnifieBeagleBoawmtg from all claims arising from the handling or use of the goodepBue to the
construction of the product, it is the wuser o6s r
regard to electrostatic discharge.

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

BeagleBoawtg currently deals with a variety of customers for products, and therefore our arrangement
with the usds not exclusiveBeagleBoammlg assumeso liability for applications assistze,

customer product design, software performance, or infringement of patents or services described
herein

Pl ease read the Userodos Guide and, specifically,
prior to handling the product. This ootitains important safety information about temperatures and
voltages. For additional informati®eagieBoaiarg environmental and/or safety programs, please
contact vidteagleBoawrg

No license is granted uadgrpatent right or other intellectual propertBeabie®oamatg covering
or relating to any machine, process, or combination in \BeiaglsBok@lg products or services
might be or are used.

Mailing Address:

BeagleBoamlg

1380 PresidéatDr. #100
Richardson, TX 75081
U.S.A.

ﬁ beagleboard.org
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WARRANTYLheBeagleBoard 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 resul
of improper use, modiboat 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 returr
is needed, the customer will pay all shipping costs

Before returning the bodedse visBeagleBoamtg/support

Please refer to sections 12 and 13 of this document for the board checkout procedures and
troubleshooting guides.

To return a defective board, please request ahtRMAedgleboard.org/support/rma
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1.0 Introduction

This documents the SystemReference Manual for thBeagleBoarekM, a low cost

ARM Cortex A8 board supported througtBeagleBoardrg This documentprovides
detailed information othe overall design and usage of BeagleBoardrom the system

level perspectivelt is not intended to provideetailed documentation of thgocessor or

any other component used on the board. It is expected that the user will refer to the
appropriate documents for these devices to access detailed information.

The processor used on the BeagleBodvd is compatible with several Cortex A8
processors manufactured by Texas Instruments. Currently, the processor is a DM3730
processomanufactured and sold Byexas Instrumentand information on this can be
found at he Tl websiteAdditional information for the ARM only versio®M 3715 can

also be found on the Tl websit€he key difference between the AM3715 and the
DM3730, is that the DSR not included on the AM3715.

For the renainder of this document the DM37®0@ll be referred to as the processor.

The key sections in this document are:

Section 2.0 Change History
Provides tracking for the changes made toSkstemReference Manual.
Section3.0i_Definitions and References
This section provides definitions for commonly used terms and acronyms.
Section 4.0 Overview
This is a high level overview of ttigeagleBoard
Section 5.0 Specification
Provided here are the features and electrical specifications BétdgleBoard
Section 6.6Product Contents
Describeswhat theBeagleBoardoackage looks kie and what is includeoh the
box.
Section7.0i_Connections
Covered here is how to connect the various cables tBehagleBoard
Section8.0i_System Architectureand Design
This section providesnformation on the overakrchitectureand desigrof the
BeagleBoardThis is a very detailed section that goes into the design of each
circuit on the board
Section9.0i_Connector Pinouts and Cables
The section describes each connector and cable used in the system. This will
allow the user to create cablgaurchase cablesr to perform debugging as
needed.
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Section10.0i BeagleBoardAccessories
Covered in thissectionare a few of the accessories that may be used with
BeagleBoardThis is not an exhaustive list, but does provide an idea of the types
of cables and accessori#sat can be supporteahd how to find themlt also
provides a definition of what they need to He.does not guarantee that these
devices will work on all OS implementations.
Section .07 Mechanical
Information is provided here on the dimensions ofBkagleBoard
Section 2.0 Troubleshooting
Here is where you can find tips on troubleshooting the setup &ehagleBoard
Section B.0- Known Issues
This section describes the known issueshwihe current revision of the
BeagleBoardnd any workarounds that may be possible
Section 4.0- BeagleBoardComponents
This section provides information dhe top and bottom side silkscreen of the
BeagleBoad showing the location of the components.
Section B.0- BeagleBoardSchematics
These are the schematics for BeagleBoardind information on where to get the
PDF and OrCAD files.
Section 5.0- Bill Of Material
This section describes where to get the latest Bill of Material for the BeagleBoard.
Section 17.0- BeagleBoardPCB Information
This section describes where to get the PCB file infdondobr the BeagleBoard
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2.0 Change History

2.1 Change History

Table 1tracks the changes made for each revision of this document.

Table 1. Change History
Rev | Changes Date By
A Initial release. 6/4/2010 | GC
Al Updated to new power OVP sche 6/21/2020 | GC
A2 Updated with camera and Memory information 7/23/2010 | GC
A3 Moved to Rev B PCB. 10/18/2010| GC
B Moved to ES.1siliconrevision. 10/26/2010| GC
C Design changes and movedr&visionES1.2silicon 4/4/2010 | GC

2.2 BeagleBoardvs. BeagleBard-xM

There areseveradifferences between ttigeagleBoardandthe BeagleBoardxM . The

BeagleBoardrefers to the original board and tBeagleBoardxM is the newer version.

2.2.1 Hardware Changes

AREA BeagleBoardxM | BeagleBoard Comments

Processor DM3730 OMAP3530

ARM Frequency 1GHZ 720MHz

DSP Frequency 800Mhz 520MHz

SGX Frequency 200Mhz 110MHz

DDR 512MB 256MB

DDR Speed 166VIHz 166MHz

NAND 0 256MB

SD Connector uSD MMC/SD

USB Host Ports 4 1

Host Port Speed FS/LS/HS HS

Serial Connector DB9 Header Direct connect to USB to
Serial Cable

Camera Header Yes No Leopard Imaging Camera
module

Ships with4G SD Yes No Contains bootable desktop

Overvoltage Protectio Yes No

Power LED turnoff Yes No

Serial Port Power Yes No

Turnoff
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MMC3 Expansbn Yes No
Header
McBSP2 Expansion Yes No
Header

2.2.2 Software Changes
Following are the changes to the SW.

0 Use of a universal BeaglelX¥ader and UBoot. These will work on any Beagle
made. They include support for the 512MB DDR and the removal of the NAND
from thei XM board.

o A demo version of the Angstrom desktop distribution.

2.3 1xM Revision A2 vs.i XM Revision A3

There were no major hardware feature changes between the Rev A2 and Rev A3
revisions Below are the differences between the Rev A2 and Rene8ions.

o Slightly modified PCB layoufRev B)to correct the following

o Changed silkscreen on L12 to R159 to reflect the usage of a resistor
instead of an inductor. Resistor was used on Re\WNaz:lectrical
difference.

o Changed routing on R66 and R68take them separate paths instead of
parallel No electrical difference.

0 Added 33 ohm resistor R157 in series with MMC clock line. Not used on
board, only for expansioiNo electrical difference.

0 Added R158 to allow isolation of drain pin on TPS2141. Loasi#da
zero ohnresistor No electrical difference.

0 Moved DVI_PUP pin to the TPS659%PI02 No SW impactnd
Angstrom kernelhowever, updated SW can be used to turthef DVI
interfaceby taking the pin D. There may be issues with other
distributionsuntil such time as their code is updateétctrical change
from A2.

0 Added R160 and R155 as a possible future optionphptilatecon Rev
A3. No electrical difference.

o Changed R120 to 0603 package to align with arts purchislseglectrical
difference.

o0 Added R156 to remove the required lifting of U18 pin 4. Resistor is not
loaded on Revision ANo electrical difference.

2.4 1xM Revision A3 vs.i xM Revision B

The only change from R&\A3 to the Rev B was the replacement of the processor form
ES1.0 to ES1.1For a detailed description of th&sues presenh the ES1.1 revision,
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please refer tohttp://focus.ti.com/lit/er/sprz319a/sprz319a.pdiThere are no issues
resolved by ES1.1 that aret@ipated to have any impact on the operation of the
BeagleBoarekM.

2.5 1xM Revision B vs.i xM Revision C

There were seven changes made toBbagleBoarekM Rev C version over the Rev B
design.

o Resistor loading was changed to allow for the reading ofRbe C
revision by the SW. GPI0171=0, GPIO_172=1, and GPIO_173=0

0 Replacement ofthe processor fra ES11 to ES12. For a detailed
description of the issues present in the ES1.2 revision, please refer to
http://focus.ti.com/lit/er/sprz319a/sprz319a.pdf There are no issues
resolved by ES1.2 that are anticipated to have any impact on the operation
of the BeagleBoardM. ES1.2 is the latest revision.

o Fixed capacitor footprint in the PCB laytou

o0 Replaced the microSD connector with a new part. The current part was
targeted for EOL and aew one was requiredlhis required a PCB
footprint change.

o Redesigned the overvoltage protection circuit. We were seeing issues with
a small number of boardseing damagean the TPS2054 USB power
FET, so a new design was implement&derall geration is the same as
the original versiorwith te exception that it is now possible to power the
entire board over the USB OTG port. This includes the HUB. Care should
be taken not to add high current devices on the USB ports as that will
cause the host to shut down the USB port,

o Changed the default power state of the USB HUB to @&Fn added
layer of protection to make sure the USB power rails are off on initial
power up This will minimize the initial current drain on the boa&W
can turn on the HUB power as needed by setting the TPS65950
LEDA/VIBRA.P pin LO to turn it on.

0 Addedtheability for the SW to detect when the board is powered from the
DC supply or theOTG supply.Status is reé from GPIO.6 pin on the
TPS65950. If LO, then the board is powered fromRQi&jack The HUB
will only work in the DC powered mod this change allows the board to
know not to try and initialize the USB Host when under OTG powe

2.6 Definitions
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SD- Secure Digital

microSD- Smdl version of the standard SD card
MDDR - Mobile Dual Data Rate

SDRAM- Synchronous BPnamicRandomAccess Memory
BeagleBoard The original version of the board based on the DM3530
BeagleBoardxM- The newer vesion of the board based on the DM3730.
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3.0 BeagleBoardOverview

The BeagleBoar@ designed specificallio address the Open Source Communityhas

been equipped with a minimum set of features to allow the user to expeetienpower

of the processorand is not intended as a full development platform as many of the
features and interfaces supplied by tpeocessorare not accessiblerdm the
BeagleBoard By utilizing standard interfaces, thigeagleBoards highly extensil®@ to

add many features and interfacétsis not intended for use in end products. All of the
design information is freely available and can be used as the basis for a product.
BeagleBoards will not be sold for use in any product as this hampers the talgjét the
boards to as many community members as possible and to grow the community.

3.1 BeagleBoardVersions

There are two different versions of the beagle in productionBdagleBoardand the
BeagleBoartxM. Figure 1is a picture of each of thesersmns. This manual covers the
revision A and B of thé xM version only. Please refer to tigeagleBoardSystem
Reference Manual for information on that version. It can be found at
http://beagleboardrg/hardware/design

TheFigure 1 shows pictures of the two different versions. BeagleBoardis on the
left and theBeagleBoard xM is on the right.

Figure 1. BeagleBoard and BeagleBoard -xM
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4.0 BeagleBoardSpecification

This section covers the specificatiook the BeagleBoardand provides a high level

description of the major components and interfaces that make BedgteBoard

4.1

BeagleBoardFeatures

Table 2provides a list of th8eagleBoard features.

Table 2. BeagleBoard -xM Features
Feature
Processor Texas hstruments Cortex A8 1GHz processor
POP Memory Micron 4Gb MDDR SDRAM (512MBY00MHz
Power Regulators
PMIC TPS65950 Audio CODEC
Reset
USB OTG PHY
14-pin JTAG GPIO Pins
DSy S UART 3LEDs
PCB 3.106 x 3.006 (7 6 layers
. Power Power Error 2-UserControllable
Indicators PMU USB Power

HS USB 2.0 OTG Port

Mini AB USB connector

TPS65950 I/F

SMSC LAN9514 Ethernet HUB

USB Host Ports 4 ES/LS/HS Up to 500ma per Port_ if adequate
power is supplied
Ethernet 10/100 From USB HUB
; 3.5mm 3.5mm
Audio Connectors L+R out L+R Stereo In
SD/MMC Connector MicroSD
User Interface 1-User defined button Reset Button
Video DVI-D S-Video
Camera Connector Supports Leopard Imagirigodule
Power Connector USB Power DC Power
Overvoltage Protectbn Shutdown @ Over voltage
Power (5V & 1.8V) UART
Main Expansion McBSP McSPI
Connector 12C GPIO
MMC?2 PWM
2 LCD Connectors Access to all of the LCD control 3.3V, 5V, 1.8V
signals plus 12C
Auxiliary Audio 4 pin connector McBSP2
Auxiliary Expansion MMC3 GPIOADC,HDQ
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The following sections provide more detail each featurandsectionsof the
BeagleBoard

4.2 Processor

The BeagleBoarekM processor is th®M3730CBP 1GHz versionand comesn a.4mm
pitch POP packagePOP (Package on Package) iseahnhique where the memory
mounted on top of thprocessarFor this reason, when looking at tBeagleBoardyou

will not find an actual part labelddM3730CBP, but instead see the part number for the
memory

4.3 Memory

There are two possible memory degs used on thexM. The -00 assembly uses the
Micron POP memoryand the-01 uses the Numonyx POP memome key function of
the POP memory is to provide:

0 4Gb MDDR SDRAM x32(512VB @ 166VIHz)

Unlike with earlier versions of the boardo mother memory evices are on the
BeagleBoardlt is possible however, that additionadn volatilememorystoragecan be
added tBeagleBoardy:

0 Accessing the memory on the uSD card

o Use the USBOTG port and a powered USB hub to drive a USB Thumb drive
hard drive

o Install a thumbdrive intone ofthe USB pord

0 Add a USB to Hard Disk adapter to one of the USB ports

Support for tlese devices dependent upon driver support in the OS.

4.4  Power Management

TheTPS65950s usedon theBeagleBoardo provide powewith the exception o& 3.3V
regulator which isusedto provide power to thBVI-D encoder and RS232 drivand an
additional 3.3V regulator to power the USB Hirbaddition to the powethe TPS65950
also provide:

o Stereo Audio Out
o0 Stereo Audio in

o Power onrede

o USBOTGPHY

o Status LED
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45 HS USB 2.00TG Port

The USBOTG portcan be used ake primary power source and communication link for
the BeagleBoardand derives power from the PC over the USB cable. The client port is
limited in most caseto 500mA by the B. There are instances where the PC or laptop
does not supply sufficient current to power the board as it does not provide the full
500mA. Under this mode the USB HUB wilhow be poweredbased on the design
changes made to the over volt circuitGare sbuld be taken not to overload the USB
ports as the total power supplied to the ports will not enable full power to all of the USB
ports as you can have with the DC power.

It is possible to take thcurrent supplied by the USB potts 1A by using a Y cabl
Figure 2 showsand example athe Y-Cable for the USB.

Figure 2. USB Y-Cable

The BeagleBoardequiresa Y-CableminAB to USB A cableor as mentioned single
cablecan be used the USB Hub is powered dovar not loaded on all of the ports

4.6 HS USB 2.0Host Ports

On the boardwefour USB Type A connectsrwith full LS/FS/HS support. Each port can
providepower on/off control and up to 500mA of current at&s/long as the input DC is
at least 3AThe ports will not function unless the board is powerechkyDC jack. They
cannot be powered via the OTG port.
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