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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
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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

Paged of 164



beagleboard.org

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

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
ﬁ beagle
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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

ﬁ beagle
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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.

ey
(g

L

To Beagle JL
T\® To 2nd
Tol 7\ USB Port
Computer  For Extra Power

USE Port

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.

ﬁ beagle
Page24 of 164




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

4.7  StereoAudio Output Connector

A 3.5mm standard stereo output audio jack is provided to access the stereo output of the
onboard audio CODEQheaudio CODEC is providethsidethe TPS65950

4.8 StereoAudio In Connector

A 3.5mm standard stereo audio input jack is provided to access the stereo output of the
onboard audio CODEC.

49 S-Video Connector

A 4 pin DIN connector is provided to access th¥i8eo output of thé8eagleBoardThis
is a separate outptrom the processor and can contain different video outputdata
whatis found on the DD outputif the software is configured to do it.

It will support NTSC or PAL format outpiid a standardV. The default is NTSC, but
can be changed via the 8oére.

4.10 DVI-D Connector

The BeagleBoardcan drive a LCD panel equipped with a BWIdigital input. This is
the standard LCD panel interface of thecessorand will support 24b color output.
DDC2B (Display Data Channelpr EDID (Enhanced Display IDupport over 12C is
provided in order to allow for the identification of the LCD monitor tgpelthe required
settings

The BeagleBoards equipped witta DVI-D interfacethat uses an HDMI connector that
was selected for its small sizeédoes not suppothe full HDMI interface and isisedto
provide the DVID interfaceportiononly. The usemust use a HDMI to DVYD cable or
adapter to connect to a LCD monitdrhis cable or adapter is not provileith the
BeagleBoardA standard HDMI cable can be useden connecting to a monitor with an
HDMI connector.

DO NOT PLUG IN THE DVI -D CONNECTOR TO A DISPLAY WITH THE
BEAGLEBAORD POWERED ON. PLUG IN T HE CABLE TO THE DISPLAY
AND THEN POWER ON THE BEAGLEBOARD.

411 LCD Header
A pair of 1.27mm pitch 2x10 headers gn@vided to gain access to the LCD signals.

This allows for the creation of LCD boards that will allow adapters to be made to provide
the level translation to support different LCD panels.
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4.12 microSD Connector

A single microSDconnector is provided as a ares forthe main nosvolatile memory
storage on the boardlhis replaces the 6 in 2 SD/MMC connector found on the
BeagleBoard

4.13 Reset Button

When pressed and released, causes a power on reseBehtfieBoard

4.14 UserButton

A button is povided on he BeagleBoardo be used as aapplication button that can be
used by SW as needefis there is no NAND boot option on tleard this buttonis no
longer needed to force an SD card bdbts can beused by the UBooSW to switch
between user scripts @low different boot configurations to be selecedlong as that
feature is included in the UBoot uséidyou press this button on power up, the board will
not boot properly.

4.15 Indicators
Therearefive greenLEDs on theBeagleBoardhatcan be contiged by the user.

o0 One onthe TPS65950hat isprogrammed via the 12C interface

o Two on theprocessorcontrolled via GPIO pins

o One Power LED that indicates that power is applied and can be turned off
via SW.

o One to indicate that power is applied to the @arddJSB HUB and can be
controlled via the SW.

There isalso ore red LED on theBeagleBoardhat provides an indication thtkte power
connected to the board exceeds the voltage range of the board. If this LED ever turns on,
please remove the power conmgcand look for the correct power suppiy order to
prevent damage to the board

4.16 PowerConnector

Powercanbe supplied via the USBTG connectorfor some application that does not
require the USB Host ports. wall supply5V can be plugged into tH2C power jackfro
full access to all functions of the boanM/hen the wall supply is plugged in, it will
remove the power pathhadm the USB connectoand will be the power source for the
whole boardThe power supply is not provided with tBeagleBoard
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When using the USB OTG port in the host mode, the DC supply must be conascted
the USB port will be used to providienited power b the hub at a maximum of 100mA,
sothe hub must be poweredhe 100mA is not impacted by having a higher amperage
supply plugied into the DC power jack. The 100mA is a function of the OTG port itself.
Make sure the DC supply is regulated and a clean supgie power is over the voltage
specification, a RED LED will turn of.his will prevent the power fra actually making

it to the circuitry on the board and will stay on as long as the power exceeds the voltage
specification.

4.17 JTAG Connector

A 14 pin JTAG header is provided on tBeagleBoardo facilitate the SW developent
and debugging of the board by using various J®eh@@latorsThe interface is at 1.8¥n

all signals Only 1.8V Levels are supporte@O NOT expose the JTAG header to
3.3V.

4.18 RS232DB9 Connector

Support for RS232 via UART'is providedby DB9 connectoron the BeagleBoardor
access t@an onboard RS232 tmaceiver.A USB to Serial cable can be plugged directly
into the BeagleUnlike on the original version of the Beagle, a straight throughnuodin
modem cable is require@he cable you used on tBeagleBoardvill NOT work on the

XM version.A standard rale to female straight DB9 cable may be usegou can use a
USB to serial adapter that will plug directly into the board without the need for any other
cables.

4.19 Main Expansion Header

A single 3 pin headeiis provided on the board to allow for the cewation of various
expansion cards that could be developed by the users or other sdbuseso
multiplexing, different signla can be provided on each pirhis header is populated on
each board.

4.20 CameraConnecta

A single connector has been added he BeagleBoartxM board for the purpose of
supporting a camera module. The camera module doenma wth the board but can
be obtained from Leopaidaging. The supported resolutions incldd8A, 2MP, 3MP,
and 5MP camera moduleSor proper operation dhe cameras, the correct SW drivers
are required. This connector is populated on the baradds ready for the cansmodule

to be installed
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4.21 MMC3 Expansion Header

New to the BeagleBoasdM is a20 pin connector provided to allow access to additional
signals including GPIO and the MN8®ort. This connector is populated on the board.

4.22 McBSP Expansion Header
A 4 pin connector is provided to allow access to the McBSP2 signals for audio

applications. In order to use these signals, the audio interfattee P S65950 must be
disabledby the SW. This connector is populated on the board.

4.23 BeagleBoardMechanical Specifications

Size: 3.350 3450
Max height: TBM
Layers: 6

PCB thickness: . 06 2 0
RoHS Compliant Yes
Weight: TBW
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4.24 Electrical Specifications

Table 3 is the electrical specification of the external interfaces toBeregleBoarekM

RevC.
Table 3. BeagleBoard Electrical Specification -xM Rev C
Specification | Min | Typ | Max | Unit
Power
Input Voltage USB 5 5.2 \%
Current USB 350 mA
Input Voltage DC 4.8 5 5.2 \%
Current DC 750 mA
Max Voltage without damage 12 \%
Expansion Voltage (5V) 4.8 5 5.2 \%
Curent(Dépendn sourcecurentavalable) 750 A
Expansion Voltage (1.8V) 1.75 1.8 1.85 \%
Current 30 mA
USB Host (Same as the DC supplied by the power plug or USBY| 4.8 5 5.2 V
Current (Depends on what the DC source can supply ovi Varies
what the board requires)
Maximum current supplied by all four USB Host ports To 1500 mA
USBOTG
High Speed Mode 480 Mb/S
Full Speed Mode 12.5 Mb/S
Low Speed Mode 1.5 Mb/S
USB Host
High Speed Mode 480 Mb/S
Full Speed Mode 12.5 Mb/S
Low Speed Mode 1.5 Mb/S
RS232
Transmit
High Level Output Voltage 5 5.4 \%
Low Level output voltge -5 -5.5 \%
Output impedance +/-35 | +/-60 mA
Maximum data rate 250 Kbit/S
Receive
High level Input Voltage -2.7 -3.2 Vv
Lo Level Input Voltage A4
Input resistance 3 5 7 Kohms
JTAG
Realview ICE Tool 30 MHz
XDS560 30 MHz
XDS510 30 MHz
Lauterbach(tm) 30 MHz
microSD
Voltage Mode 1.8V 1.71 1.8 1.89 \%
Voltage Mode 3.0V 2.7 3.0 \%
Current 220 mA
Clock 48 MHz
DVI-D
Pixel Clock Frequency | 25 65 MHz
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High level output voltage 3.3 \%
Swing output voltage 400 600 mVp-p
Maximum resolution 1024
X 768
SVideo
Full scale output voltage (750hm load) 7 .88 1 V
Offset voltage 50 mV
Output Impedance 67.5 75 82.5 Ohms
Audio In
Peakto-peak singleended input voltage (0 dBFs) 1.5 Vpp
Total harmonic distortion (sine wav@ 1.02 kHz @1 dBFs) -80 -75 dB
Total harmonic distortion (sine wave @ 1.02 kHz) 2 -85 -78 dB
0 Hz to 20 kHz, Aweighted audio, Gain = 0 dB
Audio Out
Load Impedance @100 pF 14 16 ohms
Maximum Output PowerAt 0.53 Vrms differential output voltage 17.56 mw
and loadmpedance = 16 Ohms)
Peakto-Peak output voltage 1.5 Vpp
Total Harmonic Distortion @ 0 dBFs -80 -75 dB
Idle channel noise (20Hz to 20KHz) -90 -85 dB
Environmental
Temperature range 0 +85 C
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5.0 Product Contents

Under this se@on is a description of what comes in the box wherBiagleBoards
purchased.

5.1 BeagleBoard In the Box
The final packageekM RevC product will contain the followinggems
o0 1 Boxwith the following items inside:
0 1 BeagleBoard in an ESD Bag
o 1uSD card
0 1 uSD Card to MMC Adapter

NO CABLES ARE PROVIDED WITH THE BEAGLEBOARD.

Figure 3. The -xM Rev C Box
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IP beagleboard.org

Figure 4. -xM Rev C Box Contents

5.2  Software on theBeagleBoard

There is no NANCiflash memoryon the board so no SW is preinstalled on the board as it
is on theBeagkeBoard The BeagleBoarixM does come with 4GB microSD card that

the board boots from. It contains all of the code required for the board to boot to an
Angstromvalidation imageYou will see a login prompt but no GUI will be visibldt

can also be uset boot to UBoot by hitting a key during the booting process before it
reads the Ulmage.

5.3 Repairs

If you feel the board is in need of repair, follow the RMA Request process found at
http://beagleboardrg/support/rma

Do not send the board in for repair until a
RMA authorization has been provided.

ﬁ beagleboard.org

Page32 of 164



http://beagleboard.org/support/rma

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

Do not return the boar@ the distributorunless you want to get a refund. You must get
authorization from the distributor before returning the boaeddeboard.org does not
handle refunds

6.0 BeagleBoardConnections

This section provides an overview of all of the connectors oBe¢lagleBoarekM.

Only the use of FCQ@art 15approved device the BeagleBoaratM installation is

allowed Care should be kan to insure that all agon boards, power supplies, monitors,

PC equipment, and any other amld component or device meets the F@@rt 15
requirementsThe user is responsible for compliance with this staterdgryt.changes or
modifications to this bodrthat causes the board to no longer comply with the FCC Part

15 requirements voids the userd6s rights to

6.1 Connecting USBOTG

The USBOTG port connects to the PC host anses a miniABcablethrough which
powercan beprovidedto theBeadeBoard Figure 5 showswherethe cable is connected
to theBeagleBoard

If the OTG Port is to be used as a Hdbke ID pin must bgrounded This means that

you must have a 5 pin cable connected to the OTG port on the BeagleBoard and you must
use apowaed USB HUB. There is also an option to ground the ID on the board and is
discussed laten this documentYou can power the boarfdom this port, but there may

not be enough power supplied by the PC to power all features, such as the USB Host
ports andlte EthernePort If you use the double ended USB cable, you shoulableto

power the board with minimal issues as long as you do not load down the USB Host ports
with heavy current device$his will depend on the current available from the HOST PC.
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Figure 5. USB OTG Connection
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6.2 Connecting USB Host

The Beagle is equipped withUSB Host connectar Figure 6 shows the location of the
USB Host connectesr

£,
l‘&"‘

win x M
O t,,auudwﬁ 5

I .
L ¥3 3=

"qﬂtll

HOST PORTS TR

Figure 6. USB Host Connection
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6.3  ConnectingDC Power

A DC supply can be used to power BeagleBoardy plugging it into the power jack.
The power supplyis not provided with theBeagleBoard but can be obtaineddm
various sourcesyou need to make sure the supply is a regulated 5V supgpgure 7
showswhereto insertthe powersupply into the powgack
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Figure 7. DC Power Connection

The power supply must have a 2.1mm [.D x 5.5mm O.D. x 9.%mdcan be either
straight orright angle Connecting anything other than SMll activate the over voltage
circuitry, turning on a red LED. The board will not functiontil the correct power
supply is usedlf you are using the USB OTG port in the OTG or host mode, you must
have a externalDC supply powering thBeagleBoard

It is requiredthat on theBeagleBoarekM board that an external power supply used if
the USBHost is to be used.
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6.4  Connecting JTAG

A JTAG emulator can be used for advanced debugging by connecting it to the JTAG
header on th&eagleBoard Only the 14pinversion ofthe JTAG is supported and if a
20pin version is needegpu will be requiredo contact your emulator supplier for the
appropriate adapteo be supplied by that manufacturdfigure 8 showsthe connection

of theJTAG cable to théBeagleBoard
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Figure 8. BeagleBoard JTAG Connect ion

DO NOT expose the JTAG header to 3.8&upports 1.8V onlyThere is no
overvoltage protection on these pins and the pins connect direct to the processor. If you
do this, the board will be damaged beyond repagt the board will NOT be replaced
under any circumstances
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6.5 ConnectingSerial Cable

In order to accesthe serial port of thBeagleBoard serial cable is requiredew to the
BeagleBoarekM version is the removal of the 10 pin header and the addition of a female
DB9 connector. The configuration of the DB9 is such that a USB to serial adapter can be
plugged direct into the Beagleonnector No null modem cable is requiredsigure 9
showswheretheserialcable is to be installed.
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Figure 9. BeagleBoard Serial Cable Connection

If you are using a standard serial port on the PC, a straight through male to faihale c
is requiredThe cable used on tligeagleBoardvill not work on theBeagleBoardxM

board.
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6.6 Connecting SVideo

An S-Video cable can be connected to tBeagleBoardand fom there i can be
connected to a TV or monittihat supports an-8ideo inpu. This cable is not supplied
with the BeagleBoard-igure 10 shows the conneat for the SVideo cable.

Figure 10. BeagleBoard S-Video Connection
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6.7 ConnectingDVI-D Cable

In order to connect the DMD output to a monitor, a HDMI to DVD cable is required.
This cable is not supplied witBeagleBoardbut can be obtained through numerous
sources.Figure 11 shows the proper connectipnint forthe cable.
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Figure 11. BeagleBoard DVI-D Connection

DO NOT PLUG IN THE DVI -D CONNECTOR TO A DISPLAY WITH THE BEAGLEBAORD
POWERED ON. PLUG IN THE CABLE TO THE DISPLAY AND THEN POWER ON THE
BEAGLEBOARD.
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6.8  Connecting Stereo Out Cable

An external Audio output devigesuch as external stereo powered speal@ns, be
connected to thBeagleBoardria a3.5mm jack. The audio cables ard poovided with
the BeagleBoarekM, but can be obtained from just about anywh€&igure 12 shows
wherethe cable connected to the stereo out jack.
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Figure 12. BeagleBoard Audio Out Cable Connection
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6.9 Connecting Stereo In Cable

External Audio input devicesuchas a powered microphone or the audio output of a PC
or MP3 playercan be connected the BeaglBoardxM via a3.5mm jack. The audio
cables are not provided withe boardbut can be obtained froseveralsourcs. Figure

13 showswherethe cable is conmeed to the stereo input jack.
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Figure 13. BeagleBoard Audio In Cable Connection
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6.10 Indicator Locations

There arefive greenand onered indicator on the BeagleBoard Figure 14 shows the
location of each indicatoiEach indicator will be described more detaillater in this
document.
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Figure 14. BeagleBoard Indicator Location s

POWER indicates that power is applied to the board.

USRO/1can be used by the SW as needed

PMU is controlled from the power management chip and can be connected to a PWM.
VOLT will turn on when the @ voltage exceeds specification

HUB turns on when power is applied to the USB HUB.
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6.11 Button Locations

There are two buttons on thigeagleBoarekM; the RESET button when pressed will
force a board reseand te USER button which canbe used by the SW fouser
interaction.Figure 15 shows the location of the buttons.
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Figure 15. BeagleBoard Button Location

The User button does no affect the boot source of the board as is the case on the
BeagleBoardversion.If you do press the User Button on power up, the boalidnat
boot.
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6.12 microSD Connection

The microSD is the boot source for thieoard It uses a puspush connector for the
insertion and removal of the microSD card. The connector is mounted on the bottom side
of the boardFigure 16 shows the location of theicroSDconnector
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Figure 16. BeagleBoard microSD Card Location

The microSD card should be inserted with the writing on the card facing up. The white
silkscreen area on top of the board works as a guide to align the card for insertion.
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6.13 LCD Connection

There are two headers provided to access the LCD signals on the EBeagieM.

These headers are 2x10 headers with a spacing of .05 (1.27mm) pitch. How these
connectors are used is determined by the design of the adaptethaiasdconnected to

them Figure 17 shows the location of the LCD headers onlibard
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Figure 17. BeagleBoard LCD Header Location

Adapter boards are becoming available for such things as LCD panels and VGA adapters.
As different LCD panels have different requirements, it is difficult togiean interface

that will work with all LCD panels. That is the reason only the raw signals are brought
out on these headers.
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7.0 BeagleBoardxM System Architectureand Design

This section provides a high level descriptiortted design of th&eagleBoarekM and
its overall architecture.

7.1  SystemBlock Diagram

Figure 18 is thehigh levelblock diagram of theagleBoarekM.

[ Svideo | [mcBSP | | Audio |

Board Power

[ oaonw | [veswdxa | [ an |

BeagleBoard-xivi
b Y
[ 7TAG | [Host1-4 | [ Ethernet | [microsD | [ RS232 | Block Diagram

Figure 18. BeagleBoard -xM High Level Block Diagram

Figure 19 shows the location of thHeey componerg on the board
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[T

MAJOR_COMP

Figure 19. BeagleBoard Major Components

The information found in theemainder of thisection describes in detail the architecture
and design of thBeagleBoarekM.

You will notice certain things in this section.

o The schematic has been created for each section showing onlyertireent
components and their connections.

o The pin names differ from the actual schematic. For ease of reading, the names
have been truncated to only show the specific functions of that pin as used in the
design.
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7.2  Over Voltage Protection

A new featire found on th@&eagleBoaridxM board is the overvoltage protection circuit.
The design of this circuit has been changed on the Rev C version of theabdaisl
much simpler and more affectiveThe primary function of this circuit it to prevent
voltage kvels in excess of the specification from reaching other circuitry on the board
and causing damage to the bodtidure 20 is the diagram of the circuitry design.
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<]I 1
47k
qu
|

Figure 20. Overvoltage Protection

These functions are controlled by tHeCP349 device. The NCP349 provides
overvoltage protection for positive voltage, up2®/. A low NMOSFET protects the
systemsconnected on th®UTO/1 pins against positive overvoltage. At powap, with
EN pin = low, the outpuis delayed before it is turned on to insure that théagel is not

in excess of 5.8VThe NCP349provides aFLAG output, which alerts the system that a
fault has occurredby turning onD13, a red LED. The board will not power up if the
voltage is in excess of the8¥. max level.

Also new in the REV C is thiact that the USB 5V defaults to off, making sure tihat
voltage is not connected to the USB power FET. We were seeing a small number of
boards that still had this device sustaining damage. This was the reason for the circuit
design change. Having thilefault to off provides an additional level of protection.

New to the Rev C as well, is the ability to detect when the board is DC powered by
reading thenDC_PWR signal. This is useful to allow the SW to determine that if in the
OTG power mode, that theSB Host ports are not available.

Also new for the Rev C is the ability to power the HUB for the USB OTG portJ3&
is always on, connecting power via the OTG port provided 5V t®the5V rail which
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in turn will supply power to the DC in rail which céimen be used to power the HUB as
long asU33is enabled.

7.3  Power Conditioning

There are two possible sources of the 5V required bBdagleBoardIt can come from

the USBOTG port connected ta PC or a 5V DC supply. The USB supply is sufficient
to power theBeagleBoardn most as long as you understand that the USB Host ports will
not function. It is recommended that a DC supply be .used

It should also be noted that if an OTG configuration is used, for example tying two
BeagleBoard together via a UBSTG cablepoth ofthe BeagleBoard must be powered

by the DC supply.If the OTG port is used as a Host port, then the DC supply ahsst

be used.Figure 21 is the design of thmainpower input section.
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Figure 21. Input Power Section

GN

7.3.1 USBDC Source

The USB gecification requires that the current consumed prior to enumeration be limited
to 100mA@ 5V (500mW) The 5V DC from the USB is routed through theS2141
switchto insure thathis requiremenis metas uncharged capacitors on BeagleBoard

can exhibita large current drain during start up that could exceed this requirentent. T
TPS2141is a USB 2.0 Specificaticoompatible IC containing a duaurrentlimiting
power switch and an adjustable low dropout regulator (LDO). Both the switch and LDO
limit inrush current by controlling the tuom slew rate. The dualrrentlimiting feature

of the switch allows USBeripherals to utilize highialue capacitance at ti@tput of the
switch, while keeping the inrush currdotv.
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During turnon, the switch limig the currentelivered to the capacitive load to less than
100 mA. When the output voltage from the switch reaches aB8@b of the input
voltage, the switch current limit increases8@0mA (minimum), at which point higher
current loadsan be turned orlhe higher current limit provides shaitcuit protection
while allowing the peripheral to dramvaximum current from the USB bus.

When in the USB powered mode and DC supplyis connectedthe TPS2141is
enabled, allowing the power to be suppliedite boardrom the OTG porthrough the
integrated switch inside tHEPS2141

7.3.2 Wall Supply Source

A wall supply can be used provide power to the board. A regulat&d DC supply of at
least2A is requiredand a rating of3A is preferreqd assuming thathe USB ports and
expansion headers are likely to be udedeeds to have a 2.1mm plug with a center hot
configuration.If you are using the USB HUB or Ethernet interface, additional current is
required. In the event that a higher DC load is requirece da the addition of a
Daughtercardor if all the USB host ports need to supply the full 500mA per fort,
higher current supply can be us@&tie maximum current should not exced

7.3.3 DC SourceControl

Unlike when powering from the USBTG port, in the case of the DC voltage, the
current limiting is not required. As long as the DC supply is not connected, the switch for
the USB is enabled. When the DC supply is plugged in, the switch is disabled because the
ground is removed fromin 5 of theTPS2141 This insures that the 5\dm the USB is

not connectedby disabling the internal FETIn the case where there is no USB plugged

in, there is no 5V availableto be routed so the removal of the pulluppin 5 has no

affect.

When in the DC mode of operatiothe USB OTG can be used in the Host or Client
modes. Th&PS65950will be responsible for handling the supply of ¥BUS 5VO0rail

in the OTG or Host modedAs this is limited to 100mA, a powered hub must be used to
support peripherals on the OTG port.

It is possible to provide 5V via the expansion connectors as would be the case from a
daughter card to prevenybu from having to have two DC supplies. You should be
careful in doing this. If you plan to use the USB OTG port, you will need to place an
unoonnected connector into the DC power jack to insure that the DC from the OTG port
is not shorted to the 5V supplied via the expansion connector. There is a signal called
nUSB_POWERwhichi f a | o g(b\W indicates ¢éhat théreli®5V supplied by the
USB OTG port, it is plugged in, and the DC dummy jack is installed. This condition
could be used on the daughtercard to know that it is OK to supply power onto the
expansion bus to power the board. If this signal is low, then that indicates that theere is n
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DC power connected and there is no USB OTG port connected. For this reason, is
recommendedhowever,that a large pullup be providexh the daughtercard make the
signala | o gi c (5V)¢édetdct thé frue state of the DC jack. It is always plessib
that at any point a USBOTG cable could be installed. This means that in order to power
the boardrom the expansion headers, the DC dummy jack must be installed and there is
a method to verify that condition.

7.3.4 AUX 3.3V Supply

The TPS2141has an integited 3.3V LDOwhich is being used to supply tf®3V as
required on théBeagleBoardor the DVI-D interface and th&JART. The input to the

LDO is supplied by the maiDC_5V. This insures that the power to the LDO can be
supplied by either the USB or the D@all supplyand that the current measurement
includes the 3.3V supplyThe 3.3V supply can be turned off by activating GPIO1 on the
TPS65950t0 a 1. By default the voltage is on. You will also see that the 3.3V supply
powers the power LEDDS. If during a low power mode, the user chooses to turn of the
power LED, this GPIO pin can be used to turn off the power LEBhould also be
noted, that the 3.3V rail controls the serial port power, so this will be powered down as
well. Figure 22is the AUX 3.3V Sipply design.

Vio_1ve T AUX_3V3
204 8
U2 207 D5
0.1uf, 10V . ” R9 o LTST-C190GKT

’ LDO_IN  LDO_PLDN 2
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oK Loo_out i o

a 620K}, 1%,0603 ZPOWER

1 6 6 9 3V3_AD =
>0 LDO_EN ADJ 10 x
LT - . :
o

U18A Loo pc |2 S 12
SN74LVC2GO06DCKR) 200K, 1%,0603 <

3 13 <
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— N a
SW EN Zg sw_PG
oo
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Figure 22. AUX 3.3 Power Section
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7.4 Meter Current Measurement

JumperJ2 is a headethatallows for the voltage drop across the resistor to be measured
using a meterproviding a way to measure the current consumption oB#sgyleBoard

from the mainvoltage rails, either USB or DOhe resistorR13, is a .1 ohm resistor
across which the voltage is measured. The reading you get is .1mV per mA of current.
You will need to make sure you have a sensitive meter to make your measurements.
Please keep in imd, that this current reading does not include any current consumed by
the USB HUB, USB ports, or the Expansion headers.

7.5 Processor Current Measurement

The resistor acrosk can also be used to measure the current of the board by reading the
voltage dop acrosR13 from software.There are two pairs of resistors provided on the
TPS65950that measure the voltage on either sideRaB. This is done via the 12C
control bus to th@PS65950from the processor. These values along watsistanceof

R13 are ugd to calculate the current consumption of the bokidure 24 is the
schematic of the measurement circuiffjne maximum value that can be input to the
ADC inputs is based on the settingtbé VINTANA2.OUT voltage railwhich defaults

to 2.5V. In ordera prevent the voltage levels from exceeding this value a pair of resistors
of 12K and10K is used to scale the voltage down.

U3 VBAT_MAIN J2 VBAT
a2v ] ‘JI'
24N out? ot o2 1|
1| s enn 8 HDR2_.1x.1 c7
I Rri3 .1.0805 5 0.1uF,10V

3| 5 VBAT FB R1 ] VNV

GND ADJ L 56/2K 1% OuF,CER,0805,6.3V

TL1963A NV R15

> 22.6K,1%

R48
> 12K,1% R49
12K,1%

cs3 | IO.luF,lO\D csa | |O.luF,lO\D
[ [

U7A _ TPS65950 4 R52 A [> R53 10K, 1% [>
N11 ADCIN5S \fOK,l% A4

RTSO/CLKB4K/BERCLK/ADCINS g7 ADCING
CTSI/BERDATA/ADCIN3

Figure 23. Processor Current Measurement

This results in ¥aluethat is46% of the actual valueSo, for a maximum value of 5.25V,
the wltage read would be 2.415Mhich keeps it below the 2.5\bmt. The voltage drop
acrossR13 will be small as the value of the resistor is 0.1 ohms. For every 100 mA of
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currenta voltageof .01V will be detected.In order to determine the actual power th
input voltage and the voltage drop must be measured.
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7.6  VBAT Power Conditioning

This circuitry regulates the DC input to a nominal 4.2VDC leVhls is required in order

to meet the maximum DC voltage level as specified by TRS65950 Power
Managementevice which is 4.7\ Using 4.2V gives us some margin and meets the
nominal 4.2V rating of th& PS65950

Figure 25 is the power conditioning section of tBeagleBoard

VBAT MAIN
DC 5V T
VBAT
12
U3
) . 4 e
IN  OouT 5 or o 9
1] — 6 HDR2_.1x.1
SHDN GND R13 A .1,0805 LS
3 | 5 VBAT FB R1
GND ADJ 58 2 1% OuF,CER,0805,6.3V
TLL963A A\ R15
22.6K,1% —=C7
< 0.1uF, 10V

Figure 24. VBAT Power Conditioning

The TPS65950provides the main power rails to the boardhas a maximum limit of
4.7V on its VBAT input and a nominal of 4.2W3, theTL1963A, is used to convert the
DC_5V, which can comerdm a DC wall supply or the USB, to 4.2V to meet this
requirement.The TL1963A is a linear lowdropout (LDO) voltage mulator and is
thermal shutdown and current limit protectdtlhas the ability to deliver 1A of current,
although this is far and above the requirements of the bBgrddjustingthe values of
R14 andR15, the actual voltage can be adjusted if needed.

7.7 TPS65950Reset andPower Management

The TPS65950supplies several key functions on BeagleBoardThis section covers a
portion of those functionsentered on the power and reset functidnsluded in this
sectionare

o Main Core Voltages
o PeripheraVoltages
o Power Sequencing
0 Reset
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o Current measurement via SW

The other functions are covered in other sections in this document and are grouped by
their overall board functions.The explanation of the various regulatdiaund on the
TPS65950is based upotow they are used in the board design and are not intended to
reflect the overall capability of th€PS659% device Please refer to th& PS65950
documents for a full explanation of the device operation.

7.7.1 Main Core Voltages
TheTPS65950supplies the thremain voltage rail$or the processoand the board:

o VDD1 (1.2V, adjustable
o VDD2 (1.3V)
o VIO_1v8 (1.8V)

TheVOCORE_1V3 defaults tol.2V at power up, but can be adjusted by software to the
1.3V level. Figure 26 is the interfacing othe TPS65950to the ystem as it provides the
three main ralils.

7.7.2 Main DC Input

The main supply to thePS65950for the main rails is th’BAT rail which is a nominal
4.2V. Each rail has a filter cap dOuF connected to each of the three inputs1AF cap
is also provideddr high frequency noise filtering.

7.7.3 Processorl2C Control

The various components in th®S65950are controlled from thprocessovia the 12C
interface. 12C_0 is used to control f(heS659% device.

7.7.4 VIO_1V8

The VIO_1V8 rail is generated by thEPS659% VIO regulator. TheVlO outputis a
stepdown converter with a choice of two output voltage settings: 1.8 V or 1.85 V. The
voltage is set by configuring the VSEL bit (VIO_VSEL[0]). When the VSEL bit is set to
0, the outpuvoltage is 1.8 V, and when it $&t to 1, the output voltage is 1.85 V.

When theTPS65950resets, thelefault value of this LDO is 1.80 V; th@ocessomust

write 1 to the VSEL field to change the outpuitl.85 V.The default for the BeagleBoard

is 1.8V. This regulatoroutput isusedto supply power to the system memories and 1/O
ports. It is one of the first power suppliesite switched on in the powep sequence.

VIO does not support the SmartReflex voltage control schemes. VIO can be put into
sleep oroff mode by configuring th6&sLEEP_STATE and OFF_STATE fields of the
VIO_REMAP register.
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Figure 25. Main Power Rails
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7.7.5 Main Core VoltagesSmart Reflex

VDD1 andVDD2 regulators on th@PS65950provide SmartReflexxompliant voltage
management. The SmartReflex controller in phecessointerfaces with thefPS65950
counterpart through the use of a dedicd®€dl bus. Theprocessocomputes the required
voltage and informs thEPS65950using the SmartReflex 12C interface.

SmartReflex control of th&DD1 andVDD?2 regulators can be enabled by isettthe
SMARTREFLEX_ENABLE bit (DCDC_GLOBAL_CFG[3]) to 1. To perfortaDD1
voltage control through the SmartReflex interface, HBS65950 provides the
VDD1 _SR_CONTROL register. The MODE field of the VDD1_SR_CONTROL register
can be set to O to put VDD1 im&ACTIVE state; setting the field to 1 moveéBD1 to a
SLEEP stateVDD1 output voltage can be programmed by setting the VSEL field of the
VDD1 _SR_CONTROL register. THRéDD1 output voltage is given by VSEL*12.5 mV

+ 600 mV.

7.7.6 VDD1

The VDD1 rail is suppliel by the VDD1 regulator of theTPS65950 The VDD1
regulatoris a 1.1A stepdown power converter with configurable output voltage between
0.6 Vand 1.45 V in steps of 12.5 mV. This regulasoused to power thprocessocore.

The processorcan request ;' TPS65950to scale thevDD1 output voltage to reduce
power consumption. Thdefault output voltage at powap depends on the boot mode
settings which in the case of thBeagleBoards 1.2V. The output voltage of theDD1
regulator can be scaled by swdire or hardware by setting tiEENABLE_VMODE bit
(vDD1_VMODE_CFG[0]). In each of these modes, the output voltage ramp can be
singlestep or multiplestep, depending on the value of the STEP_REG field of the
VDD1_STEP[4:0Jregister.The VOCORE_1V3 rail shdd be set to 1.3V after boot up.

Apart from these modes, théDD1 output voltage can also be controlled by the
processorthrough the SmartReflex 12C interface between DM3730 and the
TPS65950 Thedefault voltage scaling method selected at reset eftevarecontrolled
mode.Regardless of the mode us&DD1 can be configured to the same output voltage
in sleep mode as iractive mode by programming the DCDC_SLP bit of the
VDD1_VMODE_CFG[2] register to 0. When tH@CDC_SLP bit is 1, the sleep mode
outpu voltage ofVDD1 equals the floor voltage that correspondsh® VFLOOR field
(VDD1_VFLOOR][6:0]).

7.7.7 VDD2

The VDD2 voltagerail is generated by th€PS65950using theVDD?2 regulator. The
VDD2 regulator isa stepdown converter with a configurable outyoitage of between
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0.6 V andl1.45 Vandis usedto power theprocessorcore.VDD?2 differs fromVDD1 in
its current load capabilities with an output current rating of 600 mA in active mode.

The VDD2 provides different voltage regulation schemes. VMBID2 is controlled by

the VMODEZ2 signal or with the SmartReflex interface, the range of output voltage is 0.6
V to 1.45 V. The use of the VMODE2 signal and tMDD2 VMODE_CFG,
VDD2_STEP, VDD2_FLOOR, an?¥DD2_ROOF registers is similar to the use of the
correspoding signals and registers f9iDD1. VDD2 shares the same SmartReflex 12C
bus to provide voltage regulation. The VDD2_SR_CONTROL registerasided for
controlling thevVDD2 output voltage in SmartReflex mode.

When the VDD2 is used in softwareontrol male, the VSEL (VDD2_
DEDICATED][4:0]) field canbe programmed to provide output voltages of between 0.6
V and 1.45 V. The output voltage for a givealue of the VSEL field is given by
VSEL*12.5 mV + 600 mV. If the VSEL field is programmed so that dhé&utvoltage
computes to more than 1.45 V, thieS6595Gets the/DD2 output voltage to 1.5 V.

7.8  Peripheral Voltages

There arel0 additional voltages used by the system that are generated By ®#t&950
These are:

VDD_PLL2
VDD_PLL1
VDAC_1V8
VDD_SIM
VMMC2
VDD_VMMC1
CAM_2V8
CAM_1V8
USB_1V8
EXP_VDD

O O0OO0OO0OO0O0OO0OO0OO0O0o

Figure 27 shows theperipheraloltages supplied by tHEPS65950
7.8.1 VDD PLL2

This programmable LDO is used to power finecessoPLL circuitry. TheVPLL 2 LDO
can be configured through the 12C interface to prowigiput voltage levels of 1.0 V, 1.2
V, 1.3V, or 1.8 V, based on the value of the VSEL field (VPLLI_DEDICATEDI[3:0]).
On the board this rail is used to power DVI output for pDSS_DATA(0:5),
DSS DATA(10:15)and DSS_DATA(22:23)The VPLL2 must be set to&V for proper
operation of th@®VI-D interface.
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7.8.2 VDD_PLL1

The VPLL1 programmable LDO regulator is lemoise, linear regulator used for the
processoPLL supply.The VDD_PLL1 rail is initialized to 1.8V.
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Figure 26. Peripheral Voltages

7.8.3 VDAC_1V8

The VDAC progranmable LDO regulator is a higASRR, lownoise, linear regulator
that powers th& ROCESSORlualvideo DAC. It is controllable with registers via 12C
and can be powered dowhneeded.The VDAC LDO can be configured to provide
1.2V, 1.3 V, or 1.8 V in on pog&r mode, based on the value of the VSEL field
(VDAC_DEDICATED[3:0]). The VDAC_1V8 rail should be set to 1.8Mfor the
BeagleBoard
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7.8.4 VDD_SIM

This voltage regulator is a programmable, low dropout, linear voltage regulator supplying
the bottom 4 bits of the 8bit SDMMC card slot. The VSEL field
(VSIM_DEDICATED]I3:0]) can be programmed to provide output voltage of 1.0 V, 1.2
V,13V, 1.8V, 2.8V, or 3.0 \and can deliver up to 50mAhe default output voltage

of this LDO as directed by th€PS65950boot pinsis 1.8V.

7.8.5 VMMC2

The VMMC2 rail uses th&/ MMC2.0U T rail from the TP65950VMMC?2 is adjustable
from 1.85 to 3.15V and can deliver up to 100mA of current. VMMC?2 is provided as an
auxiliary voltage rail orfP17, the Auxiliary Access Header. The proper setbifthis rail

is determined by the application and the HW supplied that connects to P17.

7.8.6 VDD_VMMC1

TheVMMC1 LDO regulator is a programmable linear voltage converter that powers the
MMC1 slot and includes a discharge resistor and overcurrent protectimri{@@rcuit).

This LDO regulator can also be turned atftomatically when the MMC card extraction

is detected. The VMMC1 LD@ powered from the maMBAT rail. TheVMMCL1 rail
defaults t03.0V as directed by th& PS65950boot pins and will deliver up t820mA. It

can be set t8.0Vin the event 3V cards are being used.

7.8.7 CAM_2V8

This rail powers the optional camera module and use¥#éX4.0UT rail from the
TPS65950 VAUX4 is adjustablerbm .7 to 2.8V and can deliver up 8)0mA of power.
This railed sould be set td.8V for proper operation of the camera modi8ee the
camera module section for more information.

7.8.8 CAM_1V8

This rail powers the optional camera module and use¥#éX 3.0UT rail from the
TPS65950 VAUX4 is adjustablefrom 1.5to 2.8V aml can deliver up to 100mA of
power. This railed should be set1@®@V for proper operation of the camera moddee
the camera module section for more information.

7.8.9 USB_1V8

The VAUX2 LDO regulator is a programmable linear voltage converter that pohers t
1.8V 1/O rail of the USB PHY andncludes a discharge resistor and overcurrent
protection (shortircuit). TheVAUX2 LDO is powered from the maMBAT rail. The
VAUX?2 rail defaults tooff as directed by thEPS65950bo0t pins and will deliver up to
100mA. The voltage rail is labeledDD_EHCI on the schematic.
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7.8.10 EXP_VDD

The EXP_VDD rail uses theVAUX1.0OUT rail from the TP65950 EXP_VDD is
adjustable from2.5 to 30V and can deliver up t@00mA of current.EXP_VDD is
provided as an auxiliary voltage Iran P13, the LCD ExpansionHeader. The proper
setting of this rail is determined by the application and the HW supplied that connects to
P13.

7.9  Other Signals

This section describes other signals in the design that have not been categorized.
7.9.1 Boot Configuration

The boot configuration pins on tA®S65950determine the power sequence of the
device.ln order to support thprocessoon the board with the correct power

configuration the boot pin configuration is fixed at:

o BOOTOtied to VBAT
0o BOOT1tied to Gound.

7.9.2 RTC Backup Battery

An optional battery to backufor the Real Time Clock that is in th&PS65950is
provided for in the designThe board does not come equipped with the battery. The
battery can be purchased from DigiKey or other component suppiidren the battery

is not installedR65 must be installed. You must make sure that prior to installing the
battery thaR65 is removed.

Refer to sectio.11for information on the battery selection and installation.
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7.9.3 Power Sequencing

Based on théoot configuration pins, th@PS65950knows the type of OMAP processor
that it needs to support, in this case phecessarThe voltages are ramped in a sequence
that is compatible with the processBigure 27 is the sequenda whichthe power rails,
clocks and reset signal come up.

Sequence_Start |

® 4508uS VBAT Detection

—bl 1068 ps — 3 MHz oscillator setting + clock switch

Vio_1va / 1.8V

I—IJl 1179 ps for VIO stablilization

I
VPLL1 | f 1.8V
| I—Pl 1022 ps for LDO stabilization and start DCDC ramping
| |
vDD2 | { 1.2V
| I—PJ 1099 ps for VDD2 stabilization and VDD1 start ramping
| st
VOCORE_1V3 | f 1.2V
| l—ﬂ 1175 ps for VDD stabilization
| |
J2ZKCLKOUT | ||||||||||||||||||||||||
: LIJ|61|.|.S
SYSEN | |
|—l‘l 1179 ps for VIO iitabilization
CLKEN | |
} L al1953ps
I—S.S ms
LD|i51|,|.5
NRESPWRON |

Figure 27. Power Sequencing

7.9.4 ResetSignals

TheBeagleBoardises hireedistinct reset circuits:
0 Warm Reset
o0 Cold Reset

0 User Reset

Figure 28 shows the connections for the Reisé¢rfaces
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T DM3730 uaB
P R61 A A P9 —
47K 10_1v8 yégi SYS_nRESPWRON D—% ;—D
SYS_nRESWARMIGPIO_30 D—6 S—D
S B
VBAT o8 7o
10 9
0—2+ H—o
A13 NRESPWRON o12 g
6 10-1F8 NRESPWRON [ "g13 NRESWARM PROCESSOR 14 13
5 NRESWARM VIO_1v8 075 15 2
Al1 PWRON T 7o
PWRON [~ Ay VIO_1v8 S0 10 2
9 =i
5 c12 NRESET 26 2% o
< 028 27
R53
DNI s2 T
O 0.1uF 4 2
RA42
5
UsA 10K ] 3 E.*’{ 1
1 6

B3F-1000

[SN74LVC2G07DCKR

Figure 28. Reset Circuit ry

79.4.1 Warm Reset

Thewarmresetis generated by the processor on power up.nRESWARM signal is a
bidirectional reset. When an internal reset occolRESWARM goes low and resets all
the peripherals and thEPS65950 The TPS65950can be configured to penrfm a warm
reset of thaleviceto bringit into a known defined statey detecing a request for a warm
reset on th&lRESWARM pin. The minimum duration of the pulse on tRESWARM
pin should be two 3RHz clock cycles. The nRESWARM output is opesdrain;
consequently, an external pullup resistor is requirdthere is no way for the user to
generate a warm retison theBeagleBoard

7.9.4.2 Cold Reset

On power up as shown Figure 27, theTPS65950generate s RESPWRON, power on
reset. The signatdm the TPS65950is an output only and is not an open drain signal.
By running the signal through a buff@N74LVC2G07, the signal becomes open drain,
which requires a pullup on the signal. This will allow tiRESPWRON signal to be
pulled low, by pressing the reset sshitS2, to force a reset to thEROCESSOR
processor and to any device on the expansion card that require a reset.

It also allows for the reset signal to be pulled low or held low for an extended time by
circuitry on the expansion card if needed.

7.9.4.3 User Rest
The USER RESET button can be used to request a Warm Reset from the processor. After
initialization, this pin becomes an input to the processor. By pushing the Reset button, an

interrupt is generated into the processor. The software that is run adtafehis can
then do whatever housekeeping is required and then send the processor into a reset mode.
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7.9.4.4 PWRON
You will notice another signal on th&PS65950 called PWRON. This signal is
referenced in th@PS65950documentation. In thBeagleBoardlesiq it is not used but
it is pulled high to insure the desired operai®maintained

7.9.5 mSecure Signal

This signal provides for protection of tReI'C registers in the TPS65950be disabling
that function via a control signaldm the processor.

For more mnformation on theoperation on the signal, please refer to precessor
Technical Reference Manual

7.10 Processor

The heart oBeagleBoarekM is theDM3730 pocessorFigure 29 is a high level block

diagram of theprocessar
54I 2 IB# 32\ 32‘ “ 321[
L3 interconnect network-hierarchical, performance, and powerdriven |

mzE

Extomd and stacked

or
S-Video

LCD Panel

&
My

| L4 interconnect |

Figure 29. DM37x Block Diagram
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7.10.1 Overview

TheDM3730is ahigh-performance, multimedia application device and is integratem on
TI's advancedi5-nm process technologyhe processoiarchitecture is configured with
different sets of features in different tier devicBeme features are not awdile in the
lowertier devices. For more informatiomefer to the Technical Reference Manual
(TRM).The architecture is designed to provide bestlass video, image, and graphics
processing sufficient tearious applications.

Theprocessosupports higHevel operating systems (OSs), such as:
Windows CE

Linux

QNX

Symbian

Others

© O O0OO0Oo

This processordevice includes statef-the-art powermanagement techniques required
for high-performancdéow powerproducts.The DM3730supports the followindunctions
andinterfaces on th&eagleBoard

o Microprocessor unit (MPU) subsystem based on the ARM Caét8xE
microprocessor
POP Memory interface

0 4GbMDDR (512Mbytes)
24 Bit RGB Display interfacéDSS)
SD/MMC interface
USB OTG interface
NTSC/FAL/S-Video output
Power manageant
Serial interface
1°C interface
1°S Audio interfacéMcBSP2)
Expansion McBSP1
JTAG debugging interface

o

O 0000000 O0O0o

7.10.2 SDRAM Bus

The SDRAM bus is not accessible on BeagleBoardlts connectivity is limited to the
POP memory access on the top of phecessomlandtherefore is only accessible by the
SDRAM memory.The base address for the DDR SDRAM in the POP devifz8600
000Q

If you look at thei XM schematic, you will notice on page 3 there are a lot of signals
| abel ed NAOéG65. These tpmofthe mocessor! o heaRee d o0 n
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BeagleBoargrocessor, these pins provided access to the SDRAM bus. However, in the
case of the processor on tBeagleBoartixM, these there are no signals on these pins.

7.10.3 GPMC Bus

The GPMC bus is not accessible on BeagleBoard Its connectivity is limited to the
POP memory access on the top of phecessomlnd therefore is only accessible by the
NAND memory.

The memory on the GPMC bus is NAND and therefore will support the classical NAND
interface. The address of theemory space is programmable.

7.10.4 DSS Bus

The display subsystem provides the logic to display a video frame from the memory
frame bufferin SDRAM orto a liquid-crystal display (LCD)display via the DVID
interfaceor to a standalone LCD panel via the L@Berface connectors. The logic levels

of the LCD expansion corators are 1.8V so it will require buffering of the signals to
drive most LCD panelsThe DSS is configuretb a maximum oR4 bits, but can be used

in lower bit modes if needed.

7.10.5 McBSP2

The multi-channel buffered serial port (McBSMcBSP2provides a fullduplex direct
serial interface between tipeocessoand the audicCODECin the TPS65950using the
I2S format Only four signals are supported on the McBSport. Figure 30 is a
depiction d McBSP2.

TWL4030 Processor
( 128 Interface i " McBSP2 ]
TOM DOUT | © 1 1 | mcbsp2 dr
TOM DIN 1 |- (10 | mcbsp2 dx
TOM CLK | 1 | o | mebsp2 clkx
TDM_SYNC | - 10 | mchsp2 fsx
q J w

Figure 30. McBSP 2 Interface

7.10.6 McBSP1
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RevisionC.1.0

McBSP1 provides a fulduplex direct serial interface between th@cessorand the
expansion interfaceThere are &ignals supported on McBSPunlike the 4 signals on

the other portsFigure 31 is a diagram of MBSP1.

r 2 r
Peripheral Processor
[ Serial interface McBSP type ] [ McBSP1 W
DouT ‘ o ; blﬁ mcbsp1_dr
DIN | :-4 ;V(I)O | mcbsp1_dx
CLKR | 10 - 10 | mcbsp1_clkx
FSR ‘ 10 ;4 Erlo | mcbsp1_fsx
CLKX 10 ; > Vlo | mcbsp1_clkr
FSX 10 ‘ > 10 ;mcbsp1_fsr
< | J L | ~
\ J .

Figure 31. McBSPL1 Interface

7.10.7 McBSP3

McBSP3 provides a fullduplex direct serial interface between th@cessorand the

expansion interfaceligure 32 is a diagram of McBSP3.

4 "\ "
CODEC Processor
( Audio Interface ) ( McBSP3
AUD_OUT | © » | [ mcbsp3 dr
AUD IN | 1 |- (h0 | mcbsp3_dx
AUD FSYNC | 1 |- 10 | mcbsp3 fsx
AUD CLK | 1 10 | mcbsp3_clkx
[ - 8
\ J \

Figure 32. McBSP3 Interface

7.10.8 Pin Muxing
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On theprocessarthe majority of pins hasmultiple configurations that the pin can be set

to. In essence, the pin can become different signals depending on how they are set in the
software. In order for thBeagleBoardo operate, the pins used must be set to the correct
signal. In some cased)et default signal is the correct signaEach pin can have a
maximum of8 options on the pin. This is called the pin mode and is indicated by a three
bit value (0:3).In the case of the signals going to the expansion connector, the settings
required for hose pins depends on how they are to be used. For an explanation of the
options, please refeéo the Expansion Header sectidfach pin can be set to a different
mode independent of the other pins on the connector.

Table 4 is a list of all of thesignalsused on therocessoffor the BeagleBoardand the
required mode setting for each pin. Where the default setting is needed, it will be
indicated.The USERnotation under mode indicatésat this is an expansion signal and
can be set at the discretion of theer.A FIXED indicates that there is only one function

for that signal and that it cannot be changed,

Table 4.  Processor Pin Muxing Settings

Signal Mode
DSS Default
MMC1 Default
MMC2 User
UART3 Default
GPMC Default
UART1 Default
12C1 Default
12C2 Defaut
12C3 Default
12C4 Default
JTAG FIXED
TV_OUT Default

SYS_nRESPWRON Default
SYS_nRESWARM Default

SYS nlRQ Default
SYS_OFF Default
SYS_CLKOUT Default
SYS_CLKOUT2 Default
SYS_CLKREQ Default
SYS_XTALIN FIXED
GPIO_149 4
GPIO_150 4
McBSP1 Defaut
McBSP2 User
McBSP3 Default
GPIO 171 4
GPIO 172 4
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7.10.9 GPIO Mapping

There are a number of GPIgns from theprocessothat are used on thHgeagleBoard
design.Table 5shows which of these GPIO pins are used in the design and whether they
are inpus or aitputs. While GPIO pins can be useglinterrupts, the table only covers the
GPIO pin mode. If it is an interrupt, then it is covered in the interrupt section.

Table 5. Processor GPIO Pins

OMAP | INT/GPIO | I/O Signal USAGE

PIN

AA9 | GPIO_149 | O | LED_GPIO149 | Contrds User LEDO

W8 | GPIO_150 | O | LED_GPIO149 | Controls User LED1

AGY9 | GPIO_ 3B I | MMC1 WP SD/MMC card slot Write protect

J25 | GPIO_170 | O | DVI_PUP Controls the DVAD interface. A Hi = DVID enabled.
AE21 | GPIO_7 I | SYSBOOT_5 | Used to put the device in the boot mode®r user button

input

Other signals, such as those that connect to the expansion connector, may alas@e set
GPIOpin. Forinformation on those, reféo the Expansion Connector section.

7.10.10Interrupt Mapping
There are a small number of pins on flrecessothat act as interrupt Some of these

interrupts are connected to th®S65950and their status is reflected through the main
TPS65950nterrupt. Table 6lists the interrupts.

Table 6.  Processor Interrupt Pins
TPS65950| Processoll INT/GPIO USAGE
Pin PIN
AF26 SYS _nlIRQ | Interrupt from theTPS65950
AHS8 GPIO_29 | SD Write protect lead. Can be polled or set to an
interrupt.
P12 GPIOO MMC1 card detect inpuiGoes to th@rocessoover the
SYS_nIRQ pin.
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7.11 POP Memory Device

The processouses what igalled POP (Packagen-Package) memory. The memory is a
MCP (Multi Chip Package) that containsdualMobile DDR SDRAMstack Figure 33
shows the POP Memory concept.

Figure 33. POP Memory

The Memory device mounts on top of fh@cessarThe configuration used dhe board
is a200MHz4Gb MDDR SDRAM device from Micron.

7.12 System Clocks

There aretireemain clocks needed for the operation of theard 32KHz, 26MHz and
McBSP_CLKS Figure 34 shows the components that make up the System €lock
There are additionalocks needed elsewhere in the system, such as USB HUB, but those
are discussed in separate sections.

VIO 1v8

OSC_EN R55 4.7K

N 1 cs5s |[o.1uF.10v
Y1
WA TES00000
L ne wee
26MHZ HFCLK_26MH
2 COMICASE OUT [ RS6 33 — A4 Y rcLkin
R&7_\ n ~_33 HFCLKOUT __Ri2
OSC_26MHZ_EAE HFCLKOUT
0SC_EN _ cé

57 | CLKEN
X510 | CLKEN2

CLK256FS CLKREQ
RS A\ 38 D13 § Clkos6Fs

T2_XOUT
—|C]'02 IZZPj_ gig 32KXOUT

32KXIN

Y3 N10
I:I 32KHz Cry stal S2KCLKouT

~
-
C103[ [22PF T2_XIN

C

Processor ... uss

AF25

SYS_CLKREQ/GPIO_1

AE17

SYS_XTALIN

AE25
T21 | SYS_32K

McBSP_CLKS
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Figure 34. System Clock s

7.12.1 32KHz Clock

The 32KHz clock is needed for tH&2S65950and theprocessolandis provided ly the
TPS65950Wvia the external 32KHz crydtay2. The TPS65950has a separate output from
the crystal to drive thprocessothatbuffers the resulting 3RHz signal and provides it
as32KCLKOUT , whichis provided to therocessoon ballAE25. The default mode of
the ZKCLKOUT signal is active, but can be disabled desired under SW control

The 32.76&Hz clock drives the RTC embedded in theS65950 The RTC is not
enabled by default; the host processor must set the correct date and time to enable the
RTC.

7.12.2 26MHz Clock
This section descrés the 26MHz clock section of tBeagleBoard
7.12.2.1 26MHz Source

The BeagleBoardis designed to support two suppliers of the 26MHz oscillalbe
26MHz clock is provided by an onboard oscillatdfl. The TPS65950receives the
externalHFCLKIN signal on ballA14 and uses it to synchronize or generate the clocks
required to operate thEPS65950subsystemsThe TPS65950must have his clock in
order to function to the point where it can power upBeagleBoardThis is the reason
the26MHz clock is routed throgh theTPS65950

7.12.2.2 TPS659505etup

When theTPS65950enters an active state, tReocessomust immediately indicate the
HFCLKIN frequency (26 MHz) by setting the HFCLK_FREQ bit field (bits [1:0]) in the
CFG_BOOT registerof the TPS65950 HFCLK _FREQ has alefault of being not
programmed, and in that condition, the USB subsection does not Wuekhree DCDC
switching supplies (VIO, VDD1, and VDD2) operate from their freening 3MHz
(RC) oscillators, and the PWR registers are accessed at a defat Mhyde.
HFCLK_FREQ must be set by tipeocessoduring the initial poweup sequencénthe
BeagleBoardthis is done by the internal boot ROM on startup.

7.12.2.3 Processo26MHz
The 26MHz clock for therocessoiis provided by theTlPS659500n ball R12 through

R38, a 33 ohm resistor is providing to minimize any reflections on the clockTime.
clock signal enters via balE17 on thePROCESSOR
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7.12.3 McBSP_CLKS

An additional clock is also provided by thi®S65950calledMcBSP_CLKS. Thisclock
is provided to thd®PROCESSORIn order to insure synchronization of the 12S interface
between th@rocessoand theTPS65950

7.13 USBOTG Port

The BeagleBoarchasa USB OTG (Orthe-Go) port. It can be used as an OTG port
Client port or Host port The main use is as a client paas that is the mode that will
supply the power needed to power BeagleBoardWith the addition of the USB Host
ports, the need to use three OTG port as a Host, is not really needed.

NOTE: In order to use the OTGn the Host modethe
BeagleBoardmust be powered from the DC supply.

7.13.1 USB OTG Overview

USB OTGis a supplement to thelSB 2.0 spcification. The standard USB uses a
master/slavarchitecturea USBhostacing as a master and a USiripheralacing as a

slave. Only the USB host can schedule the configuration and data transfers over the link.
The USB peripherals cannot initiate alaransfers, they only respond to instructions
given by a host.

USB OTGworks differentlyin that gadgets don't need to be pure peripherals because
they can sometimes act as hosts. An example might be connecting keylSiardor
printerto BeagleBoardr a USB printer that knows how to grab documents from certain
peripherals and print them. The USB OTG compatible devices are able to initiate the
session, control the connection and exchange Host/Peripheral roles between each other.

The USB OTG supplemerdoes not prevent the use ofhab, but it describes role
swapping only in the case of a etmeone connection where two OTG devices are
directly connected. If a standard hub is used, the supplement notes that using it will lead
to losing USB OTG rolswapcapabilities making one device as the Defildst and the

other as the DefauPeripheral until the hub is disconnected.

The combination of thprocessoand theTPS65950allows theBeagleBoardo work as

an OTG device if desired. The primary mode oémpion however, is intended to be a
client moce in order to pull power from the USB host which is typically a R€the Rev

B does not have a Host USB port, this port will be used as a Host port in many
applications.
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7.13.2 USB OTG Design

Figure 34 is the degn of the USB OTG pordn theBeagleBoard

7A TP ini USBJAB
. s VBUS 50 USB_CLIENT /
4 USBOHS_CLK << 14 UCLK - OTG PORT
4 USBOHS_STP »> Cis| STP 17
4 USBOHS_DIR M DIR
4 USBOHS_NXT NXT | 63
R VB[
4 USBOHS_DATO KL baTAO ON % o
4 USBOHS_DATL 314 | DATAL DP [Ri1 4| D¥
4 USBOHS_DAT2 7 DATA2 D 5 |'D
4 USBOHS_DAT3 G14 | DATA3 Clg™ 1
4 USBOHS_DAT4 c DATA4 11 b1 > c3 b3 D4€ o o
4 USBOHS_DATS 14| DATAS o ==
o]
i i oA I -
-DATABHS_5v0 DATAT *o PGBO0JL0603MR PGBO0JL0603MR PGBPO10603MR | |
o
PGB0010603MR ] /77
RS
N
R5? o603 | VBUS %
84.7uF 6.3V,0603

Figure 35. USB OTG Design

7.13.3 OTG ULPI Interface

ULPI is an interface standard for higpeed USB 2.0 systems. It defines an interface
between USB link controllemp(ocessor) anthe TPS659% that drives the actual bus.
ULPI stands for UTMI+ low pin interface and is designed specifically to reduce the pin
count of discrete higepeed USB PHYs. Pin count reductions minimize the cost and
footprint of the PHY chip on the PCB and reduce the number of pins dedicated to USB
for the link controller.

Unlike full- and lowspeed USB systems, which utilize serial interfaces, -bged
requires a parallel interface between the controller and PHY in order to run the bus at
480Mbps. This leads to a corresponding increase in comypkaxit pin countThe ULPI

used on the BeagleBoard keeps this down to only 12 signals because it combines just
three control signals, plus clock, with arb®B bi-directional data busThis bus is also

used for the USB packet transmission and for accessgugfer data in the ULPI PHY.

7.13.3.1 Processoiinterface
The controller for the ULPI interface is th&ocessor It provides all of the required

signals to drive the interfacelTable 7 describes the signafsom the processothat are
used for the USB OTG tarface.
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Table 7. Processor ULPI Interface

Signal Description Type | Ball
hsusb0_clk Dedicated for external transceiver-BMHz clock input from PHY I T28
hsusbO_stp | Dedicated for external transceiver Stop signal @) T25
hsusb0_dir Dedicated for external transwer Data direction control from PHY | R28
hsusb0 nxt | Dedicated for external transceiver Next signal from PHY I T26
hsusb0 dataQ| Transceiver Bidirectional data bus 1/0 T27
hsusb0 datal| Transceiver Bidirectional data bus 1/0 u28
hsusb0_data2| TransceiveBidirectional data bus 1/0 uz7
hsusb0 data3| Transceiver Bidirectional data bus 1/0 U26
hsusb0_datad| Transceiver Bidirectional data bus 1/0 u25
hsusb0_data5| Transceiver Bidirectional data bus 1/0 V28
hsusb0_data6| Transceiver Bidirectional data bus 1/0 V27
hsusb0_data7| Transceiver Bidirectional data bus 1/0 V26

7.13.3.2 TPS65950nterface

The TPS65950USB interfaces to thBrocessoover the ULPI interfacelable 8 is a list
of the signals used on tA®S65950or the ULPI interface.

Table 8. TPS65950 ULPI Interface

Signal Description Type | Ball
UCLK High speed USB clock I/O L15
STP High speed USB stop | L14
DIR High speed USB dir ®) L13
NXT High speed USB direction ®) M1
DATAO High speed USB Data bit 0 1/O K14
DATA1 High speed USB Data bit 0 1/O K13
DATA2 High speed USB Data bit 0 1/O J14
DATA3 High speed USB Data bit 0 1/O J13
DATA4 High speed USB Data bit 0 1/O G14
DATAS High speed USB Data bit 0 1/O G13
DATA6 High speed USB Data bit 0 1/0 F14
DATA7 High speed USB Data bit 0 1/O F13

7.13.4 OTG Charge Pump

Whenthe TPS65950acts as an Alevice, the USB charge pump is used to provide 4.8
V/100 mA to theVBUS pin. When theTPS65950acts as a Rlevice, the USB charge

pump is in high impedancd. used in the OTG modas an Adevice the BeagleBoard
will need tobe powered from the DC supplyf acting as a Blevice,therewill not be a
voltage source on the USB OTG ptotdrive theBeagleBoard Table 9 describes the
charge pump pins.
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Table 9. USB OTG Charge Pump Pins

Signal Description Type | Ball
CP.IN The darge pump iput voltage. Connected to VBAT. Power| R7
CP.CAPP The darge pump flying capacitor plus. @) L14
CP.CAPM The darge pump flying capacitor minus. @) T6
CP.GND The darge pump ground. GND R6

The charge pump is powered by MBAT voltage rail. The charge pmp generates a
4.8V (nominal) power supply voltage to tMBUS pin. The input voltage range is 2.7 V
to 4.5 Vso the 4.2V VBAT is within this rang@he charge pump operating frequency is
1 MHz. The charge pump integrateshertcircuit current limitatia at 450 mA.

7.13.5 OTG USB Connector

The OTG USB interface is accessed throtighminiAB USB connectorlf you want to

use the OTG port as a USB Hggity 4 of the connector must be grounded. Tk Rev

A version of Beagle provides jumper pd@,that allows for a small piece of solder to be
placed on the pads to perform this function. It should be noted that with the USB Host
port on thexM Rev ABeagle, the need to convert the OTG port to a host mode is greatly
diminished.

7.13.6 OTG USB Protection

Each leadn the USB port has ESD protectidn.orderfor the interface to meet the USB
2.0 Specification Eye Diagram, these protection devices must be low capacitance.

7.14 Onboard USB HUB

A new feature of th&xM board is the inclusion of an onboard USB 4 port titth an
integrated 10/100 Ethernet. This section describes the design of the HUB and the
interface to the processor. This allows for the support of LS and FS USB devices without
the need for an external USB HUBgure 36is a high level block diagram tie system
design of the integrated HUB.
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DC_BV_USB----------——— |, — - ——————————~

DC_5V_USB'----- -~~~

Figure 36. USB HUB Block Diagram

The following section covers each of the key function in the overall design.

Power

HS USB PHY
HUB

USB Port Power
Ethernet

OO0 O0OO0Oo

7.14.1 Power

The power for the HUB is provided bwo sourcesFigure 37is the design of the HUB
power circuitry. The HUB_3V3 rail, the main supply rail for the HUB, is provided by
U16, aTL1963A LDO. Power for the LDO is provided by tigC_5V_USBrail from
the overvoltage protection circuit. The LDO is set to pro@d/ ard is set byrR111and
R113 This rail can be turnedn or off fran the processor by using the 12C bus to
communicate to th€PS65950 By default, the LDO is turned off.

The TPS65950 provides theUSB_1V8 rail which is used by the USB PHYThe
processor caturn on or off this rail by communicating with tAi@S65950via the 12C
bus.
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Figure 37. HUB Power Circuitry

A green LED D14 indicates that power is applied to the HUB circuitry.

7.14.2 HS USB PHY

The configuration of the HS USB PHY is basically the same as onah8&agleBoard
design. A PHY is required between the processor ULPI interfacehentSB HUB.

Figure 39 shows the processor and PHY interface.
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Figure 38. USB PHY Design

The interface to the processor is the HSUSB2 interface. The signals used on this interface
are contained ifmable 10

Table 10. USB Host Port OMAP Signals

Signal Description Input/Output
Hsusl?2_clk External transceiver 681Hz clock output toPHY O
Hsusl?_stp External transceiver Stop signal O
Hsusk2_dir Transceiver data direction control from PHY I
Hsusk2_nxt Next signal from PHY I
Hsusl?2_data0| Bidirectional data busignal for 12pin ULPI operation 1/10
Hsusl?2_datal | Bidirectional data busignal for 12pin ULPI operation 110
Hsusl2 data2| Bidirectional data busignal for 12pin ULPI operation 110
Hsusi?_data3 | Bidirectional data busignal for 12pin ULPI operation /0
Hsusl?_data4 | Bidirectional data busignal for 12pin ULPI operation /0
Hsusl?_data5 | Bidirectional data busignal for 12pin ULPI operation /0
Hsusl?_data6 | Bidirectional data busignal for 12pin ULPI operation /0
Hsusl?_data7 | Bidirectional data busignal for 12pin ULPI operation 1/0
Gpio_147 Enable/reset line to the USB PHY. ®)
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The husb2_clk signal is an output only and is used to support a HS USB PHY that
supports an inputlock mode. The SMSC PHY device supports this mode and is used on
the Beagle.

The PHY ued in the design is @SB3320series device from SMSTheUSB33D is a
highly integrated HiSpeed USB2.0 Transceiver (PHY) that meets all of the electrical
requiremets to be used as a{9ipeed USB Hosin this design, only the host mode of
operation is being supported as it is used to connect to the HUB on the board.

In order to interface to therocessqrthe device must be used in the 60MHz clock mode.
This is dne by tying theCLKOUT signal on the USB PHY to VIO_1V8. OGXM Rev

A, a zero ohm series resistor was added.
caseo option if the CLKOUT signal was a
to be thecase. The clock for the PHY is derived from the 60MHz signal generated by the
processarAll of the signals and their functions align with the descriptions found in the
processomterface section.

The USB3322 device requires two voltages,Wt8B 1V8rail to power the 1/O rails and
the HUB_3V3 to power the rest of the devic&he 3.3V rail for the device is generated
internally and requires a filter and bypass cap to be connected extefhaliySB_1V8
rail is derivedfrom theVAUX2 rail supplied by th@PS65950PMIC.

The RBIAS block in the PHY consists of an internal bandgap reference circuit used for
generating the drer current and the biasing of the analog circuits. This block requires an
external 8. 06Kq, 1% t ol er anRBAS togreunce The n c e
nominal voltage aRBIAS is 0.8V and therefore the resistor will dissipate approximately

8 0 & dipower.

As we are not using this device to support the OTG protocol but instead as a host device,

we ground thdD pin to force it into a Host modat all times.The USB3322transceiver
fully integrates all of the USB termination resistors on dhand DM. This includes

Thi
SOoul

e S

1. 5kqupudési st odeswn 1&g sptudrls and the 45q hi

resistors. These resistors require no tuning or trimming
7.14.3 USB HUB

The key component in the HUB design is a SMSC LAN9514 USB HUB plus Ethernet
device. Figure 40 is the HUB design.
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Figure 39. USB HUB Design

The LAN9514/LAN9514i is a high performance-Bpeed USB 2.0 hub with a 10/100
Ethernetcontroller. The LAN9514/LAN9514i contains an integrated USB 2.0 hub, four
integrated downstream USB ZFHY's, an integratedpstream USB 2.0 PHY, a 10/100
Ethernet PHY, a 10/100 Ethernet Contraller

The main power supply for the LAN9514 is thikJB_3V3 supplied by the dedicated

power regulator.Filtering is required on all input pins. A 1.8V core voltage is derived
from an inernal LDO and requires external filtering.
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The LAN9514 requires an external 25MHZ crystal to generate the required internal
clocks.The optional 24MHz clock output is not used on the board and is disabled.

The AUTOMIDX feature is enableavhich allows fo auto polarity detection. This
enables the port to automatically switch the TX and RX leads if needed.

7.14.4 USB Port Connectors

There a two dual port type A USB connectors used ofixNeboard each one provides
connections for four signals, DP, DM, VBUSytaGround. You will notice that there are

no external ESD devices on the connector. The ESD protection is integrated into the USB
HUB.

Figure 41 is the design of the power control for each USB host [@th port can be
turned on or off from th& AN9514 over the USB interface. U13, a TPS2045, is a four
port FET with over current detection. The overcurrent detect output is tied to the enable
pin from the LAN9514. In an over current condition the signal is immediately turned off
without waiting for the proessor to turn off the power. THeAN9514 detects the
overcurrent condition and keeps the over current condition turned off.
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2 15 VBUS1
IN1I OUTL [12—VBUSZ2
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N2 OUT3 =75 —VBUS4
3 oci p18 S
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Figure 40. USB Port Power Design
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Each USB Host port has its own dedicated FiE#@ power control. A 100uf capacitor is
connected to each USBbwer port for added surge current capabilities. A .1uf capacitor
is provided for bypass capacitance on each rail.

7.14.5 Ethernet
Figure 41 is the circuitry that applies to the Ethernet interface on the board. The

LAN9514 device while performing the functioof the HUB also contains the Ethernet
controller

1UB_3V3
L
o < n ©
— — — —
g — — —
LAN9514  U15 s |lo | |o P15
s |o |o |o 3
< |5 | |= 1 TCT
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Figure 41. USB Based Ethernet Design

The 10/100 Ethernet controller provides an integrated Ethernet MAC and PHY which are
fully IEEE 802.3 10BASET and 802.3u 100BASHX compliant. A connector, P15,
with integratel magnetics is used to provide the physical interface off the board. The
Ethernet features auto polarity correction and AU®X.
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7.15 microSD

The boardorovides asingle microSDinterface Its primary use is for praging the boot
source for SWUnlike the BeagleBoargdit cannot be used for thgpical SDIO or MMC
functions.Figure 42is themicroSDinterfacedesignon theBeagleBoard
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Figure 42. microSD Interface

7.15.1 microSD Power

The microSD connector is supplied power from th®S65950using theVMMCL1 rail.

The default setting on this rail is 3.0V as set by the Boot ROM and under SW control, can
be set to 1.80V for use with 1.8V cards. The maximum current this rail can provide is
220mA as determined by tHEPS65950regulator. Maximum current can be limiteg

the overall current available from the USB interface of the PC.

7.15.2 Processorinterface
There are no external buffers required forfiieroSDoperation. Therocessoprovides

all of the required interfaces for th@croSDinterface.Table 11 provides alescription
of the signals on the MMC card.

Table 11. SD/MMC OMAP Signals

Signal Name Description 110 Pin
MMC1_CLK SD/MMC Clock output. ®) N28
MMC1_CMD SD/MMC Command pin I/O M27
MMC1_DAT(0..7) SD/MMC Data pins I/O | N27,N26,N25,P28,P27,
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| | [ P26,R27,R25 |

7.15.3 Card Detect

When a card is inserted into the connector, @aed Detect pin is grounded. This is
detected on pifP12 of the TPS65950 An interrupt if enabled, issent to theprocessor
via the interrupt pin. The SW can be written such that the system comes o@fpobiste
reduced frequency mode when the card is detected.

7.15.4 Booting From SD/MMC Cards
The ROM code supportsooting fromthe microSDcards with some limitations:

0 Supportfor SD cards compliant with the Multimedia Card System Specification
v4.2 from theMMCA Technical Committee and the Secure Digital I/O Card
Specification v2.0 from the SBssociation. Including higleapacity (size >2GB)
cards: HESD and HC MMC.

o 3-V power supply, 3V I/O voltage on port 1

o Initial 1-bit MMC mode, 4bit SD mode.

o Clock fregency:

i Identification mode: 400 kHz
i Data transfer mode: 20 MHz
o Only one card connected to the bus
o FAT12/16/32 support, with or without master boot sector (MBR).

The highspeedmicroSD host controllers handle the physical layer while the ROM code
handles he simplified logical protocol layer (reamhly protocol). A limited range of
commands ismplemented in the ROM code. The MMC/SD specification defines two
operating voltages for standard bigh-speed cards. The ROM code only supports
standard operatingoltage range (/). The ROM code reads out a booting file from the
card file system and boots from it.
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7.16 Audio Interface

TheBeagleBoardupports stereo in and ahtrough theTPS65950which provides the
audio CODEC.

Figure 43is the Audo circuitrydesignon theBeagleBoard
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Figure 43. Audio Circuitry

7.16.1 ProcessorAudio Interface

There are five McBSP modules called McBSP1 through McBSP5 orpribeessar
McBSP2 provides a fulduplex, direct serial interface between CODEC inside the
TPS65950 It supports the 12S format to tHEPS65950In Table 12 are the signals used
on theprocessoto interfaceto the CODEC.

Table 12. Processor Audio Signals

Signal Name Description I/0 Pin

mcbsp2_dr Received serial data I R21

mcbsp2_dx Transmitted serial data 1/O M21

mcbsp2_clkx Combined serial clock 1/O N21

mcbsp2_fsx Combined frame synchronization 1/O P21

Mcbsp_clks External clock input. Used to synchronize with I T21
the TPS65950
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7.16.2 TPS65950 Audio Interface

The TPS65950acts as a master a slavefor the 12 interface. If theTPS65950is the
master, it must provide the frame synchronization (I12S_SYNC) and bit @8k CLK)

to theprocessarlf it is the slave, th8PS65950receives frame synchronization and bit
clock. The TPS65950supports the 12%eft-justified and rightjustified data formats, but
doesndt SDMmslpve made t h e

In Table 13 are all the signals used to interface toghecessar

Table 13. Processor Audio Signals

Signal Name Description 110 Pin
12S.CLK Clock signal (audio port) 110 L3
I2SSYNC Synchronization signgbudio port) 10 K6
12S.DIN Data receive (audio port) I K4
12S.DOUT Data transmit (audio port) O K3
CLK256FS Synchronization frame sync to tRROCESSOR| O D13

A new feature on théxM is the ability to access thaudio sgnals for use on an external
add on board. If this feature is to be used, you must disable via SW this interface on the
TPS65950.

7.16.3 Audio Output Jack

A single 3.5mm jack is provided deagleBoardo support external stereo audio output
devices such as hdphones and powered speakdisis interface is not amplified and
may require the use of amplified speakers in certain instances.

7.16.4 Audio Input Jack

A single 3.5mm jack is supplied to support external audio inputs including stereo or

mono.If a microphom is o be used, it may require additional amplification of the signal
for proper use.
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7.17 DVI-D Interface

The LCD interface on thprocessors accessiblerdm theDVI -D interfaceconnectoion
the boardFigure 44 is the DVID interfacedesign
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Figure 44. DVI-D Interface

One of the main changes in the DSS area oinxNeis the change of the DSS pin usage.

The processor requires that different pins be used if 720p resolutions are required. These
pins are different than those that are currently used oBahgleBoardThe basic change
requires that thedSS_DODS5 need to be moved to the pins that normally carry the
DSS D18D23 leads. In this case, the signals f28S D18D23 need to be moved to

other pinsReflectedn Figure 44 are four resistor packssitle either Red or Blue boxes.
These are theohding options to enable the new mode used by k& or the legacy

mode used by thBeagleBoardThe resistopacks in the RED boxes are installed and the
BLUE boxes are not installed on theM to suprt the 220p resolution

For legacy operation, you would need to install the BLUE boxes and leave out the RED

boxes.The SW will take care of this automatically, but you may want to do this if your
design were to need to work in the legacy mode.

ﬁ beagle
PageB9 of 164




REF: BB_SRM_xM BeagleBoard-xM System RevisionC.1.0

Reference Manual

7.17.1 ProcessorLCD Interface

The main driver for the DVD interface originates at throcessowia theDSSpins. The
PROCESSORprovides 24 bits of data to the DX framer chip, TFP410 There are
three other signals used to control the DVthat originate at thprocesor. These are
12C3_SCL, 12C3_SDA, and GPIO_170. All of the signals used are describebiea

14.

Table 14. Processor LCD Signals
Signal Description Type Ball Ball
(Legacy) | (720p)

dss_pclk LCD Pixel Clock 0 D28 D28
dss_hsync LCD Horizontal Synchronization 0 D26 D26
dss_vsync LCD Vertical Synchronization O D27 D27
dss_acbias Pixel data enable (TFT) output O E27 E27
dss_data0 LCD Pixel Data bit 0 BLUEO 0 AG22 H26
dss_datal LCD Pixel Data bit 1 BLUE1 0 AH22 H25
dss_data2 LCD Pixel Data bit 2 BLUE2 0 AG23 E28
dss_data3 LCD Pixel Data bit 3 BLUE3 0 AH23 J26
dss_datad LCD Pixel Data bit 4 BLUE4 0 AG24 AC27
dss_data5 LCD Pixel Data bit 5 BLUES 0 AH24 AC28
dss_data6 LCD Pixel Data bit 6 BLUEG 0 E26 E26
dss_data7 LCD Pixel Data bit 7 BLUE?7 0 F28 F28
dss_data8 LCD Pixel Data bit 8 GREEN) 0 F27 F27
dss_data9 LCD Pixel Data bit 9 GREENL 0 G26 G26
dss_datalO LCD Pixel Data bit 10 GREEN2 0 AD28 AD28
dss_datall LCD Pixel Data bit 11 GREEN3 0 AD27 AD27
dss_datal? LCD Pixel Data bit 12 GREEM 0 AB28 AB28
dss_datal3 LCD Pixel Data bit 13 GREENs 0 AB2 AB2
dss_datal4 LCD Pixel Data bit 14 GREEN5 0 AA28 AA28
dss_datalbs LCD Pixel Data bit 15 GREEN7 0 AA27 AA27
dss_datal6 LCD Pixel Data bit 16 REDO 0 G25 G25
dss_datal? LCD Pixel Data bit 17 RED1 0 H27 H27
dss_datal8 LCD Pixel Data bit 18 RED2 0 H26 AH26
dss_datal9 LCD Pixel Data bit 19 RED3 0 H25 AG26
dss_data20 LCD Pixel Data bit 20 RED4 0 E28 AF18
dss_data2l LCD Pixel Data bit 21 RED5 0 J26 AF19
dss_data2?2 LCD Pixel Data bit 22 RED6 0 AC27 AE21
dss_data23 LCD Pixel Data bit 23 RED7 0 AC28 AF21
GPIO_170 Powers down the TFP410 when 0] J25

Lo. TFP410 is active when Hi.
[2C3_SCL I2C3 clock line. Used to I/1O AF14 AF14

communicate with the monitor to

determine setting information.
I2C3_SDA I2C3 data line. Used to I/O AG14 AG14

communicate with the monitor to

determine setting information.

10ohm series resisare provide in theignal @th tominimize reflections in the high
frequency signals from therocessoto the TFP410. These resistors are in the form of
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resistor packs on thBeagleBoard The maximum clock frequency of these signals is
65MHz.

It should be noted that on the Rev A2 version, the ability to shut off theCDd$play is
not supported. This will be fixechahe next letter revision of the board.

7.17.2 LCD Power

In order for the DSS outputs to operate correotlyof the processartwo voltage rails
must be activeYIO_1V8 and VDD_PLL2. Both of these rails are controlled by the
TPS65950and mustbe set to 1.8V By default,VvDD_PLL2 is not turnedand must be
activated by SWOtherwise some of the bits will not have power supplied to them.

7.17.3 TFP410 Power

Power to the TFP410 is supplied from the 3.3V regulatllintheTPS2141 In order to
insure a noise freegnal, there are three inductots}, L5, andL6 that are used to filter
the 3.3V rail into the TFP410.

7.17.4 TFP410 Framer

The TFP410provides a universal interface to allow a glass connection to provide the
DVI-D digital interface to drive external LCD mpals. The adjustable 1M to 1.8V
digital interface provides a Io&EMI, high-speed bus that connects seamlessly with the
1.8V and 24pbit interface output by thprocessarThe DVI interface on thBeagleBoard
supports flat panel display resolutiong to XGA at 65 MHzin 24-bit true color pixel
format.

Table 15is a description of all of thiaterface and contrgdins on theTFP410and how
they are used oBeagleBoard

Table 15. TFP410 Interface Signals

Signal Name Description Type| Ball
DATA[23:12] The upper 1dits of the 24bit pixel bus I 361 47
DATA[11:0] The bottom 12 bits of the 24it pixel bus. I 501 55.56-

53
IDCK+ Single ended clock input. I 57
IDCK- Tied to ground to support the single ended mode. I 56
Data enable. During active video (DE = higkhe transmitter
DE encodes pixel data, DATA[23:0]. During the blanking inter] | 2
(DE = low), the transmitter encodelSYNC andVSYNC.
HSYNC Horizontal sync input I 4
VSYNC Vertical sync input I 5
DK3 These three inputs are the-sleew inputs DK][3:], used to I 6
DK2 adjust the setup and hold times of the pixel data inputs I 7
DK1 DATA[23:0], relative to the clock input IDCK+. I 8
A low level indicates a powered on receiver is detected a
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MSEN differential outputs. A high level indicates powered on O 11
receiver is not detected
This pin disables the 12C mode on chip. Configuration
ISEL specified by the configuration pins (BSEL, DSEL, EDG | 13
VREF) and state pins (PD, DKEN).
BSEL Selects the 24bit and singbelge clock mode. I 13
DSEL Lo to select the single ended clock mode. I 14
EDGE A high level selects the primary latch to occur on therisingg | 9
of the input clock IDCK
DKEN A HI level enables the dskew controlled by DK[1:3] I 35
VREF Sets the level of the inpsignals from theROCESSOR I 3
PD A HI selects normal operation and a LO selects the powerdg | 10
mode.
This pin controls the amplitude of the DVI output voltage
TGADJ swing, determined by the value of the pullup resistor RTFAD | 19
connected t@.3V.

7.17.5 TFP410 Control Pins
There are twelve control pins that set up the TFP410 to operate wiphottesssarMost
of these pins are set by HW and do not require any intervention lprabessoto set
them.

7.17.5.1 ISEL
ThelSEL pin is pulled LO viaR99to place the TFP410 in the control pin mode with the
I2C feature disabledThis allows the other modes for the TFP410 to be set by the other
control pins.

7.17.5.2 BSEL

TheBSEL pin is pulled HI to select the 24 bit mode for the Pixel Data intefface the
procesor.

7.17.5.3 DSEL

TheDSEL pin is pulled low to sel the single ended clock mode from the
PROCESSOR

7.17.5.4 EDGE

The EDGE signal is pulled HI througR82 to select the rising edge on the IDCK+ lead
which is the pixel clock from theROCESSOR

7.17.5.5 DKEN

The DKEN signd is pulled HI to enable the eskew pinsThe deskew pinsDK1-DK3,
are pulled low by the internal pulldown resistors inTd410. This is the default mode
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of operation. If desired, the resistors can be installed to pull the signals high. However, it
is not expected that any of the resistors will need to be instdllel DK1-DK3 pins
adjust the timing of the clock as it relates to the data signals.

7.17.5.6 MSEN

The MSEN signal, when low, indicates that there is a powered monitor plugged into the
DVI-D connetor. This signal is not connected to the processadis provided as a test
point only.

7.175.7 VREF
The VREF signal sets the voltage level of tlBATA, VSYNC, HSYNC, DE, and
IDCK+ leads from th@rocessar As theprocessors 1.8V, the level is set to .98y R64
andR65.

71758 PD
The PD signal originatesrbm the processoron the GPIO_170 pin. Because th&D
signal on theTFP410is 3.3V referenced, this signal must be converte8.3¥. This is
done byU4, SN74LVC2G07, a noninverting open drain buffer. If th&PIO_170pin is
HI, then the open drain signal is inactive, causing the signal to be pulled R9&y
WhenGPIO_170is taken low, the output @f4 will also go LO, placing th@FP410in
the power down modéeven thoughU4 is running at 1.8V to match th@ocessarthe
output will supportbeing pulled up t03.3V. On power up, the TFP410 is disabled by
R109, a 10K resistor. When thgrocessoipowers on, pird25 comes inthe safe mode,
meaning it is not being driveiR109 insures that the signal is pulledDL putting the
TFP410 in the power down mode.

7.17.59 TFADJ

The TFADJ signalcontrols the amplitude of the DVI output voltage swing, determined
by thevalue ofR95.

7.17.5.10 RSVD2
This unused pin is terminated to ground as directed by the TFP410 data manual.
7.17.5.11 NC

Thisunused pin is pulled HI as directed by the TFP410 data manual.

7.17.6 DVI-D Connector
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In order to minimize board size, a HDMI connector was selected for theDDVI
connection. Th&eagleBoardloes not support HDMbut only the DVID component of
HDMI. The Calte is not supplied with the BeagleBoard butisilable from numerous
cable supplierandis required to connect a display to tReagleBoard

7.17.6.1 Shield Wire

Each signal has a shield wire that is used in the cable to provide signal protection for each
differential pair. This signal is tied directly to ground.

7.17.6.2 DATO+/DATO-

The differential signal paiDATO+/DATO- transmits the ®it blue pixel data during
active video antHSYNC and VSYNC during the blanking interval.

7.17.6.3 DAT1+/DATI-

The differential signal @r DAT 1+/DAT 1- transmits the ®it greenpixel data during
active video.

7.17.6.4 DAT2+/DAT2-

The differential signal paiDAT 2+/DAT 2- transmits the it red pixel data during
active.

7.17.6.5 TXC+/TXC

The differential signal paif XC+/TXC - transmits the differentialock from the
TFP410.

7.17.6.6 DDC Channel

The Display Data Channelor DDC (sometimes referred to as EDID Enhanced Digspla
ID) is a digital connection betweencamputer displaynd theprocessothat allows the
display specifications tbe read byhe processr. The standard was created by Yideo
Electronics Standards AssociatiBiESA). The current version of DDC, called DDC2B,
is based on thel2C bus The monitor containsEEPROM programmed by the
manufacturer with information about the graphics modesth®imonitor can display.
This interface in the LCD panel is powered by the +5V pin on the connector through
RT1, a resetable fuseAs theprocessois 1.8V I/O, the 12C bus is level translated by
Ull, aTXS0102 It provides for a split rail to allow th&gnalsto interface on both sides
of the circuit Inside of TXS0102is a pullup on each signal, removing the need for an
external resistor.

7.17.6.7 HDMI Support
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The digital portion of the DVD interface is compatible with HDMI and is electrically

the same. Astandard HDMI cable may be used to connect to the HDMI input of monitors
or televisions. Whether or not the Beagle will support those monitors is dependent on the
timings that are used on the Bed&ardand those that are accepted by the monitor. This
may require a change in the software running on the Beagle. The audio and encryption
features of HDMI are not supported by the BeBgkerd

7.17.6.8 DVIto VGA

The analog portion of DVMwhich provides RGB analog signais not supported by the
Beagldoard Buying a DVI to VGA adapter connector will not work on a VGA display.

You will need an active DVD to VGA adapterAnother option for these signals is to

buy a board that connects to the J4 and J5 expansion connectors and generates the RGB
signals for the VGAlisplay.

7.18 LCD Expansion Headers

Access is provided on theXM Rev Ato allow access to the LCD signalable 16
shows the signals that are on BiELconnector. You will notice that the signals are not in
a logical order or grouping. This is due to toheting on the PCB where we allowed the
routing to takeprecedencéo get it to roud with no addition of layers to the design.

Table 16. P11 LCD Signals

Pin# Signal I/O Description
1 DC 5V PWR | DC rail from the Main DC supply
2 DC 5V PWR | DC rail from the Main DGupply
3 DVI_DATAl O LCD Pixel Data bit
4 DVI_DATAOQO O LCD Pixel Data bit
5 DVI_DATAS @) LCD Pixel Data bit
6 DVI_DATAZ2 O LCD Pixel Data bit
7 DVI_DATAS O LCD Pixel Data bit
8 DVI_DATA4 O LCD Pixel Data bit
9 DVI_DATA12 O LCD Pixel Data bit
10 DVI_DATA10 O LCD Pixel Data bit
11 DVI_DATAZ23 O LCD Pixel Data bit
12 DVI_DATA14 O] LCD Pixel Data bit
13 DVI_DATA19 O] LCD Pixel Data bit
14 DVI_DATA22 O] LCD Pixel Data bit
15 | I12C3_SDA I/O | 12C3 Data Line
16 DVI_DATA1l1l O] LCD Pixel Data bit
17 | DVI_VSYNC 6] LCD Vertical Sync Signal
18 | DVI PUP o Control signal for the DVI .con.troller. When Hi, DVI _is ena_lble
- Can be used to activate circuitry on adapter board if desired
19 | GND PWR | Ground bus
GND PWR | Ground bus

20
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The current available on the DBV rail is limitedto the available current that remains
from the DC supply that is connecttxlithe DC power jack on the boaifeep in mind
that some of that power is eded by the USB Host power rail and if more power is
needed for the expansion boattte main DC power supply current capability may need
to be increasedill signals are 1.8V except the DVI_PUP which is a 3.3V signal.

Table 17 shows the signals that are on conneBtbR

Table 17. P13 LCD Signals

Pin# Signal I/0 Description
1 3.3V PWR | 3.3V refeence rall
2 VIO _1V8 PWR | 1.8V buffer reference rail
3 DVI_DATA20 O LCD Pixel Data bit
4 DVI_DATA21 O LCD Pixel Data bit
5 DVI_DATA17 O LCD Pixel Data bit
6 DVI_DATA18 O LCD Pixel Data bit
7 DVI_DATA15 O LCD Pixel Data bit
8 DVI_DATA16 O LCD Pixel Data bit
9 DVI_DATA7 O LCD Pixel Data bit
10 DVI_DATA13 O LCD Pixel Data bit
11 DVI_DATAS8 O LCD Pixel Data bit

12 NC No connect

13 DVI_DATA9 LCD Pixel Data bit
14 12C3_SCL 12C3 Clock Line
15 DVI_DATA6 LCD Pixel Data bit

o|olo|o|s

16 DVI_CLK+ DVI Clock

17 DVI_DEN Data Enable

18 DVI_HSYNC Horizontal Sync
19 GND PWR | Ground bus

20 GND PWR | Ground bus

The 1.8V rail is for level translation only and should not be used to power circuitry on the
board. The 3.3V rail also has limited capacity on poger as well. If theTFP410 is
disabled on the Beagle, th80mA is freedup for use on aadapteicard connectetb the

LCD signals connectors. ii$ not required that thEFP410 be disabled when running an
adapter card, but the power should be takeo knsideration when making this
decision.

It is suggested that the 5V rail be used to generate the required voltages for an adapter
card.

7.19 S-Video

A single SVideo port is provided on thBeagleBoard Figure 45 is the design of the-S
Video interface

ﬁ beagle
Paged6 of 164




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

c10 || 1 ~~—2
| [47pF 3.3uH
B

C11 || 1 A2
[47pF 3.3uH

P4
p1 2
P2 2 Processor uaB
3 [ w28
P3 TV_OUT2
pa |2 [ Y28 | v oumt
[ R32  \ ~ ~1.65K,1% Y27 | Vel
MH1 33 1.65K. 1% W27 —
S [TMH2 R34 B.DNI woe | TV-VFB2
6 TV_VREF
5 [MH3 |
J_cg
CONN_SVideo //7/ 0.1uF,10V

Figure 45. S-Video Interface

Table 18is the list of the signals on the\8deo interface and their definitions.

Table 18. S-Video Interface Signals

Signal | I/O Description
tv_outl O | TV analog output composite
tv_out2 O | TV analog output &/IDEO
tv_vref I Reference otput voltage from internal bandga
tv_vfbl O | Amplifier feedback node
tv_vfb2 O | Amplifier feedback node

Power to the internal DAC is supplied by fhieS65950via theVDAC _1V8 rail. Figure
37 reflects the filtering that is used on these rails, inclutiiegnput VBAT rail.

A 47pf CAP and3.3uhinductorareacross the feedback resistors to imprthes quality
of the SVideo signal.

7.20 CameraPort

A new addition to thé&xM is thecamera portThis camera porisesthe native camera
interface of the pro@sor.The connector configuratios designed to be compatible with

the camera modules from Leopard Imagib&B cameras may also be used if desired,

but this interface has many HW assisted features and can support camera modules from
VGA to 5MP resolution. Figure 46is the Cameranterface design.
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Figure 46. Camera Port Interface

The design of the camera interface is described in more detail in the remainder of this
section.

7.20.1 Camera Power

There are three main power sources required by the camera nealcief these are
described in the following sections.

7.20.1.1 CAM_ANA Power
The DC inputcan be eithebV or 3.3V.lIt is selected by installing eith&151 or R154
The default isset at 3.3V and is controlled by turning on and off the USB HUB power

rail at U16. The power is controlled by setting tHeEDA signal on theTPS65950
Access to this register is via tH&C2 interface on the processor.
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The5V is on whenever a power source is apptethe boardnd cannot be controlled
This makes the 3.3V rail more sibta as it allows you to totally remove the power form
the camera module.

7.20.1.2 CAM_DIGITAL Power

The digital power is al.8V rail that is supplied by th&PS65950 The power is
controlled via thd2C1 interface from the processor by setting Yh&UX 3 regulatorto
1.8V. This is used for the internal logic in the camera module.

7.20.1.3 CAM_IO Power

The 1/0 power is a 1.8V rail that is supplied by #@S65950 The power is controlled
via thel2C1 interface from the processor by setting Y&UX 4 regulator to 1.8V. Tl

will set the level of all of the interface signals to the proced$dhis rail is set to a
voltage higher than 1.8V, it will damage the processor if the camera module is inserted.

7.20.2 Camera I2C Port

The processor uses tH2C2 port to communicate tohé camera moduléo set the
registers in the device. There are no pullups on the board for the 12C to prevent conflict
with add on boards that do have the pullups. If an@dfoard is not used, the SW will
need to enable the internal pullups on the 18@Rals in order for the interface to work.

7.20.3 ProcessorCamera Port Interface

Table 19shows the signals that are the interface between the processor and the camera
modules.The I/O status of each pin is defined from the perspective of the processor.

The cam_wen signal is labeled as CMOS_OE on the schematic. All of the current

camera modules do not use this signal and this signal has no affect on the operation of the
camera modules. It is provided for future use.

Table 19. Camera Interface Signals

Signal Function Description 110 Processor
cam_hs HS Camera Horizontal Synchronizatioy 1/O A24
cam_vs VS Camera Vertical Synchronization I/O C25
cam_xclka Clock Camera Clock Output ©)
cam_dO Camera Data | Camera image data bit 0 I AG17
cam_d1 Camera Data | Camera imageata bit 1 I AHL17
cam_d2 Camera Data | Camera image data bit 2 I B24
cam_d3 Camera Data | Camera image data bit 3 I Cc24
cam_d4 Camera Data | Camera image data bit 4 I D24
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cam_d5 Camera Data | Camera image data bit 5 I A25
cam_d6 Camera Data | Camera image datat I I K28
cam_d7 Camera Data | Camera image data bit 7 I L28
cam_d8 Camera Data | Camera image data bit 8 I K27
cam_d9 Camera Data | Camera image data bit 9 I L27
cam_d10 Camera Data | Camera image data bit 10 I B25
cam_dll Camera Data | Camera image data Hifl I C26
cam_fld RESET Camera field identification I/O C23
cam_pclk Pixel Clock Camera pixel clock I Cc27
cam_wen Camera Write Enable I B23

Thecam_fld signal is used as a RESET signal to the cafneard.When used as a reset,

the pin should be sepwas a GPIO pin.

Table 20 shows the mapping of the pins on the camera sensors to the pins on the
processor. In order to work with the different modules, you must take into account the
order of the bits.The table covers the currently available camera nesdthat are

compatible with the BeagliexM. You will notice some of the lettering in red. These are

signals that are not used by the camera module. In order for the data to be correct, these

signals need to be tied low by enabling the internal pulldowistoes.

Table 20. Camera Pin Signal Mapping
Resolution VGA 1.3MP 2MP 3MP 5MP
Camera Module Part Numb LHLBCMVGA| LHLBCMi1M1| LILBCM2M1| LFBCM3M1l | LFLBCM5M1
Data Width> 10 10 10 8 12
PIN NAME I/OIV
1 D11 | D9 D9 D9 D7 D11
2 MCLK (@] MCLK MCLK MCLK MCLK MCLK
3 D10 I D8 D8 D8 D6 D10
4 GND PWR GND GND GND GND GND
5 D9 | D7 D7 D7 D5 D9
6 SDATA /O SDATA SDATA SDATA SDATA SDATA
7 D8 | D6 D6 D6 D4 D8
8 SCLK /1O SCLK SCLK SCLK SCLK SCLK
9 D7 I D5 D5 D5 D3 D7
10 RESET (@) RESET RESET RESET RESET RESET
11 D6 | D4 D4 D4 D2 D6
12 OE (@] OE OE OE OE OE
13 D5 I D3 D3 D3 D1 D5
14 GND PWR GND GND GND GND GND
15 D4 | D2 D2 D2 DO D4
16 CAM 10 | PWR CAM_10 CAM_10 CAM 10 CAM 10 CAM_10
17 D3 I D1 D1 D1 PULEDOWN D3
18 CAM 10 | PWR CAM_10 CAM_10 CAM_10 CAM_10 CAMIO
19 D2 I DO DO DO PULEDOWN D2
20 GND PWR GND GND GND GND GND
21 D1 I PULLDOWN | PULEDOWN | PULEDOWN | PULEDOWN D1
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22 GND PWR GND GND GND GND GND
23 DO | PULEDOWN | PULEDOWN | PULEDOWN | PULEDOWN DO
24 | CAM_ANA| PWR| CAM_ANA | CAM_ANA | CAM_ANA| CAM_ANA | CAM_AN
25 | CAM_ANA| PWR| CAM_ANA | CAM_ANA | CAM_ANA | CAM_ANA | CAM_ANA
26 | CAM_ANA| PWR| CAM_ANA | CAM_ANA | CAM_ANA| CAM_ANA | CAM_ANA
27 PCLK | PCLK PCLK PCLK PCLK PCLK
28 GND PWR GND GND GND GND GND
29 HS | HS HS HS HS HS
30 | CAM_DIG| PWR| CAM_DIG CAM_DIG CAM_DIG CAM_DIG CAV_DIG
31 VS | Vs VS VS VS VS
32 | CAM DIG| PWR| CAM_DIG CAM_DIG CAM_DIG CAM_DIG CAM_DIG
33 GND PWR GND GND GND GND GND
34 GND PWR GND GND GND GND GND

7.20.4 Camera Modules

The camera module can be purchased from Leopard Imaging or one of their distributors.
It uses the same modules as the LeopardBoard DM355 version. The figure below shows
the different modules that can be used. The part numbers can be faaidar?0

am oty .

i e

IN veedr N Ve

ﬁ ﬁ]’ l‘&‘ % '\,l
)

s Cloid) edid

e
Li#

Figure 47.

ﬁ beagleboard.org

COMERN -,xl:; )

LECPARD | a

‘: g

T R g

oy o

e Ol L

(L

|
'lh"l%
/ :rﬂ_l

SUNLLLL IDAED

-

1D MAGNG

AR Rl
- 3 ST

Camera Modules

Pagel0lof 164




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

At this time, only the VGA camera board has been confirmed to work drxiMéoard.

Other boards wilbe added as the SW drivers are completed. The 3MP module is next on
the list. It is expected that alf the listed modules will work and no complications are
expected as they are all compatible at the hardware level.

7.21 RS232Port

A single RS23%ort is provided on thBeagleBoardndprovides access to the TX and
RX lines of UART3 on theprocessarFigure 48 shows the design of the RS232 port.
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Figure 48. RS232 Interface Design

7.21.1 Processorinterface

Two lines,UART3_Tx and UART3_Rx, are provided by thgrocessarThe UART3
function contains a programmable baud generator and a set of fixed dividers that divide
the 48MHz clock input down to the expected baud matealso supports auto bauding.

7.21.2 Level Translator
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All of the 1/O levelsfrom theprocessoare 1.8V while the transceiver used runs at 3.3V.
This requires that the voltage levels be translaléa is accomplished biye TXS0102
which is atwo-bit noninverting translatothat uses two separate configurable power
supply rails.The A port track VCCA, 1.8V and he B port track VCCB, 3.3V. This
allows for lowvoltage bidirectional translation betwettre twovoltage nodes. When the
outputenable (OE) input is low, all outputs are placed in the-imgtedance statdn
this desig, the OE is tied high via a 10K ohm resistor to insure that it is always on.

7.21.3 RS232 Transceiver

The RS232 transceiver used is 865C322which consiss of one line driver, one line
receiver, and a dual chargemp circuit with £15kV IEC ESD protectiorpin to pin
(seriatport connection pins, including GND). These devices provide the electrical
interface between an asynchronous communication controller and the-psetrial
connector. The charge pump and four small external capacitors allow operatioa from
single 3V to 5.5V supply. TheSN65C3221operats at data signaling rates up to 1
Mbit/s and a driver output slew rate of 24 V/ms to 150 V/Mikile the processorcan
easily drivea 1Mbit/S rate, your results may vary based on cabling, distance, and th
loadsand drive capabilitpn the other end of the RS232 port.

The transceiver is powered from the 3.3V mail is active at power ufhis allows the
port to be used for UART based peripheral booting over the port.

7.21.4 Connector

Access to the RS232 fgas through &@ pin DB9 connectqrP9. This is new on th&xM

version and replaces the 10 pin headestandard male to female straight DB9 cable can
be used or a USB to DB9 adapter can be plugged direct into the board.

7.22 Indicators

There ardive greenindicators on th&eagleBoard
o Power

o PMU_STAT
o USERO

o USER1

o HUB Power

All of thegreenLEDs are programmable undsoftwarecontrol. Figure 49 shows the
connection of all of these indicators.
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There is also a single RED LED on the board. Turning onLfBi3 is not something that
a person should try to do #sindicates that thaiseris not paying attention and has
plugged in a potentially damaging power supply into the power jack.
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Figure 49. Indicator Design

7.22.1 Power Indicator

This indicator,D5, connectdrom the 3.3V rail supply and ground. It indicates that the
entire power path is supplying the power to the bobndicator D5 does not indicate
which power source is being ustedsupply the main power the boardout only that it is
active Software does ha the ability to turn off this regulator and thereby turning off the
LED. By default this is always disabled on power up.

7.22.2 PMU Status Indicator

This output is driven from th@PS65950using theLED.B output. The TPS65950
provides LED driver circuitry tpower two LED circuits that can provide user indicators.
The first circuit can provide up to 160 mA and the second, 50 mA. Each LED circuit is
independently controllable for basic power (on/off) control and illumination level (using
PWM). The secondlriver, LED.B, is used to drivehe LED that is connected to the
VBAT rail through a resistor.
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The PWM inside th8 PS65950can be used to alter the brightness of the LED if desired
or it can be turned on or off by thgrocessorusing the 12C busThe PWM is
programmable, registarontrolled, duty cycle based on a nominaHZ cycle which is
derived from an internal 3RHz clock.It is possible to set the LED to flash automatically
without softwarecontrol if desired.

7.22.3 User Indicators

There are two user LEDBG6 andD7, that can be driven directlydma GPIO pin on the
processarThese can be used for any purpose bysthfeware The output level of the
processors 1.8V and the current sink capability is not enough to drive an LED with any

level of brightnessA transistor pairRN1907is used to drive the LEDs from thBAT
rail. A logic level of 1 will turn the LED on.

7.22.4 HUB Power Indicator

The HUB power LEDD14, is turned on whenever the USB HUB power is activds
output is driven from th@PS65950usng theLED. A output.The processor can control
the LED bycommunicating via the 12C to tRd°S65950

7.22.5 Overvoltage Indicators

The Over Voltage LEDD13, turns on whenever the DC voltage exceeds 5.3V. The
detection circuitTPS3803 turns on the LED

7.23 JTAG

A JTAG header is provided to allow for advanced debugging orBdasgleBoardby
using a JTAG based debuggeigure 50 shows the interconnection to theocessar
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Figure 50. JTAG Interface

7.23.1 Processorinterface

The JTAG interface connects directly to the OMprocessor. All signals are a 1.8V
level. Table 21 describes the signals on the JTAG connector.

Table 21. JTAG Signals

Signal Description I/O
JTAG_TMS Test mode select 1/O
JTAG_TDI Test data input |
JTAG_TDO Test Data Output ®)
JTAG RTCK | ARM Clock Emulation @)

JTAG_TCK Test Clock |
JTAG nTRST | Test reset I
JTAG_EMUO | Test emulation 0 1/O
JTAG_EMU1 | Test emulation 1 I/O

7.23.2 JTAG Connector

The JTAG interface uses a 14 pin connector. All JTéx@ulatormodules should be able
to support this interface&Contact youremulator supplier for further informatiaor if an
adapter is needed

7.24 Main Expansion Header
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The expansion header is provided to allow a limited number of functions to be added to
the BeagleBoardiia the addition of a daughtercard.

Figure 51 is the degin of the expansion connector and the interfaces tprteessar

DC_5Vv J3 VIO_1v8

Processor U3B —/

U3A Processor

2
AB26__UART2 CTS 2 MMC2_DAT7 _ AE3
McBSP3_DX |~AA55  MCBSP3 CLRX 6 MMC2_DAT6 __Ar3_| MMC2_DAT7
0
4

McBSPS_CLKX |"AF5 —MCBSP3_FSX MMC2_DAT5 _AH3 | MMC2 DATG

MCBSP3_FSX ["AFg MCBSP3 DR MMC2_DATZ __AE4 | MMC2_DATS
MCBSP3 DR [y — MCBSPI_DX 1 MMC2_DATS _AF4_| MMC2_DAT4
MCcBSPL DX "o MCBSPI_CLRX 3 MMC2_DATZ __AG4 | MMC2_DAT3
MCBSPL_CLKX "5 MCBSPI_FSX 5 MMC2_DATT __Ana_| MMC2_DAT2
McBSP1_FSX mj51 MCBSPL_DR 8 7 MMCZ_DATO AR5 | MMC2_DATL
McBSPL DR [~y51—WCBSPI_CLKR 20 MMCZ_CMD__AGs_| MMC2_DATO
McBSP1 CLKR [—an3T MCBSPI FSR 27| MMC7CTRO—aga—| MMC2_CMD
MCB;E%—Z?E AF15 1202 SCL 2 23 T2C2_SDA MMC2_CLK
2 25 TUSB DC EN |
2o Son | AELS NRESET 26 2 DC |
=
L -
To the Reset circuitry HEADER 14X2 To the power circuitry

Figure 51. Main Expansion Header Processor Connections

CAUTION: The voltage levels on the expansion header are 1.8V. Exposure off these

signals to a higher voltageillvresult in damage to the board and a voiding of ghe

warranty.

7.24.1 Processorinterface

The main purpose of the expansion connector is to route additional sigmalshe
processarTable 22 shows all of the signals that are on the expansion header.eAs th
processohas a multiplexing feature, multiple signals can be connected to certain pins to
add additional options as it pertains to the signal availdbéeh pin can be set
individually for a different mux mode. This allows any of the listed mux mtalée set

on apin by pin basis by writing to the pin mux register in softwaFallowing is the
legend forTable 22.

X=there is no signal connected when this mode is selected

Z= this is the safe mode meaning neither input to output. This is the defadét on
power up.

*= this indicates that there is a signal connected when this mode is selected, but it has no
useful purpose without other pins being available. Access to these other pins is not
provided on the expansion connector.

The firstcolumnis the pin number of the expansion connector.
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The second column is the pin number of the processor.

The columns labeled-D represent each of the pin mux modes for that pin. By setting this
value in the control register, this signal will be routed to theesponding pin of the
expansion connectorhese setting are on a pin by pin basis. Any pin can be set with the
mux register setting, and the applicable signal will be routed to the pin on the expansion
connector.

Table 22. Expansion Connector Signals

EXP [ Processor 0 | 1 | 2 [ 3] 4 [5]6]7
1 VIO_1V8

2 DC_5V

3 AE3 MMC2_DAT7 * * * [GPIO_139] * [ * [ Z
4 AB26 UART2_CTS McBSP3_DX GPT9_PWMEVT [ X | GPIO_144[ X [ X | Z
5 AF3 MMC2_DAT6 * * * [ GPl0_138] * [ X [Z
6 AA25 UART2_TX McBSP3_CLKX | GPT11 PWMEVT | X [ GPIO_146] X | X [ Z
7 AH3 MMC2_DAT5 * * * eGP0 137 * [ X [Z
8 AES McBSP3_FSX UART2_RX X X [ GPIO_143] * [ X [Z
9 AE4 MMC2_DAT4 * X * | GPIO_136] X [ X [ Z
10 AB25 UART2_RTS McBSP3_DR GPT10_ PWMEVT | X | GPIO_145[ X | X | Z
11 AF4 MMC2_DAT3 McSPI3_CS0 X X [ GPIO_135[ X [ X [ Z
12 V21 McBSP1_DX McSP14_SIMO McBSP3_DX X | GPIO_158[ X [ X [ Z
13 AG4 MMC2_DAT2 McSPI3_CS1 X X [ GPIO_ 134 X [ X [ Z
14 w21 McBSP1_CLK X McBSP3_CLKX | X | GPIO_162[ X | X | Z

X
15 AH4 MMC2_DAT1 X X X [ GPIO_133[ X [ X [ Z
16 K26 McBSP1_FSX McSP14_CSO McBSP3_FSX x | GPIO_ 161 X [ X [ Z
17 AH5 MMC2_DATO McSPI3_SOMI X X [ GPIO_132[ X [ X [Z
18 u21 McBSP1_DR McSP14_SOMI McBSP3_DR X | GPIO 159 X [ X [ Z
19 AG5 MMC2_CMD McSPI3_SIMO X X | GPIO_ 131 X [ X [ Z
20 Y21 McBSP1_CLK McSPI4_CLK X X [ GPIO_156] X | X | Z
R

21 AE2 MMC2_CLKO McSPI3_CLK X X [ GPIO_ 130 X [ X [ Z
22 AA21 McBSP1_FSR X * Z [GPIO 157 X [ X [ Z
23 AE15 12C2_SDA X X X | GPlo_183[ X [ X [ Z
24 AF15 [2C2_SCL X X X [ GPIO_168] X [ X [ Z
25 25 REGEN

26 26 Nreset

27 27 GND

28 28 GND

7.24.2 Expansion Signals

This section provides more detail on each of the signals available on the expansion
connector. They are grouped by functionsTable 23 along with a description of each
signaland the MUX setting to activate the piti you use these signals in their respective
groups and that is the only function you use, all of the signals are available. Whether or
not the signals you needeadl available, depends on the muxing function opeapin

bass. Only one signal per pin is available at any one time.

Table 23. Expansion Connector Signal Groups

Signal | Description [ 10 [ EXP | OMAP] Mux
SD/MMC Port 2
MMC2_DAT7 | SD/MMC data pin 7. [1mo] 3 | AE3 [ 1
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MMC2DAT6 | SD/MMC data pin 6. 110 5 AF3 1
MMC2_DAT5 | SD/MMC data pin 5. le] 7 AH3 1
MMC2_DAT4 | SD/MMC data pin 4. 1/0 9 AE4 1
MMC2_DAT3 | SD/MMC data pin 3. /o | 11 AF4 1
MMC2_DAT2 | SD/MMC data pin 2. /0 | 13 AG4 1
MMC2_DAT1 | SD/MMC data pin 1. 1/0 15 AH4 1
MMC2DATO | SD/MMC data pin O. /o | 17 AH5 1
MMC2_CMD | SD/MMC command signal. /0 19 AG5 1
MMC_CLKO | SD/MMC clock signal. @) 21 AE2 1
McBSP Port 1
McBSP1_DR | Multi channel buffered serial port receive | 18
McBSP1_CLKSY N/A| N/A
McBSP1_FSR| Multi channel buffered serial port transmit frame § 1/0 22
McBSP1_DX | Multi channel buffered serial port transmit /0 12
McBSP1_CLKX Multi channel buffered serial port transmit clock 1/0 14
McBSP1_FSX| Multi channel buffered serial port transmit frame § /O 16
McBSP1_CLKR Multi channel buffered serial port receive clock /0 20
12C Port 2
12C2_SDA 12C data line. IOD| 23
12C2_SCL 12C clock line IOD| 24
McBSHPort3
McBSB_DR | Multi channel buffered serial port receive | 10,18
McBSP3_DX | Multi channel buffered serial port transmit /0| 4,12
McBSP3_CLKX Multi channel buffered serial port receive clock /0| 6,14
McBSP3_FSX| Multi channel buffered serial port franteusgnmt /0| 8,16
General Purpose /O Pins
GPIO_130 | GP Input/Output pin. Can be used as an interrupt| /O | 21
GPIO_131 | GP Input/Output pin. Can be used as an interrupt| /O | 19
GPIO_132 GP Input/Output pin. Can be used as an interrupt| 1/0 17
GPIO_133 GP Input/Output pin. Can be used as an interrupt| 1/0 15
GPIO_134 GP Input/Output pin. Can be used as an interrupt| 1/0 13
GPIO_135 GP Input/Output pin. Can be used as an interrupt| 1/0 11
GPIO_136 GP Input/Outpum pCan be used as an interrupt pin| 1/0 9
GPIO_137 GP Input/Output pin. Can be used as an interrupt| 1/0 7
GPIO_138 GP Input/Output pin. Can be used as an interrupt| 1/0 5
GPIO_139 GP Input/Output pin. Can be used as an interrupt| 1/0 3
GPIO_143 GP Input/Output pin. Can be used as an interrupt| 1/0 8
GPIO_144 GP Input/Output pin. Can be used as an interrupt| 1/0 4
GPIO_145 GP Input/Output pin. Can be used as an interrupt| 1/0 10
GPIO_146 GP Input/Output pin. Bamised as an interrupt pin. | 1/0 6
GPIO_156 GP Input/Output pin. Can be used as an interrupt| 1/0 20
GPIO_158 GP Input/Output pin. Can be used as an interrupt| 1/0 12
GPIO_159 GP Input/Output pin. Can be used as an interrupt| 1/0 18
GPIO_161 GP Input/Output pin. Can be used as an interrupt| 1/0 16
GPIO_162 GP Input/Output pin. Can be used as an interrupt| 1/0 14
GPIO_168 GP Input/Output pin. Can be used as an interrupt| 1/0 24
GPIO_183 GP Input/Output pin. Ganded as an interrupt pin. | 1/0 23
McSPI Port 3
McSPI3_CS0 | Multi channel SPI chip select 0 (@) 11
McSPI3_CS1 | Multi channel SPI chip select 1 (0] 13
McSPI3_SIMO| Multi channel SPI slave in master out lfe] 19
McSPI3_SOMI| Multi channel SPI slave astenin 1/0 17
McSPI3_CLK | Multi channel SPI clock I/O 21
McSPI Port 4
McSPI4_SIMO| Multi channel SPI slave in master out 1/0 12
McSPI4_SOMI| Multi channel SPI slave out master in 1/) 18
McSPI4_CS0 | Multi channel SPI chip select 0 @) 16
McSPI4CLK | Multi channel SPI clock l[e] 20
UART Port 2
UART2_CTS | UART clear to send. 1/0 4
UART2_RTS | UART request to send (@) 10
UART2_RX | UART receive | 8
UART2_TX | UART transmit @) 6
GPT PWM
GPT9_PWMEV] PWM or event for GP timer 9 [ O] 4
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GPT11 PWBWT| PWM or event for GP timer 11 (@) 10
GPT10 PWME\ PWM or event for GP timer 10 (@) 8
7.24.3 Power

The expansion connector provides power rails. The first is thélO_ 1.8V rail which

is supplied by th&PS65950 This rail is limited in the current itao supplyfrom the

TPS65950and what remains fom the current consumed by thBeagleBoardand is

intended to be used to provide a rail for voltage level convewsibn It is not intended
to power a lot of circuitry on the expansion board. All sigfialsn the BeagleBoardare

at 1.8V.

The other rail is th®©C_5V. The same restriction exits on this rail as mentioned in the
USB section. The amount of available power to an expansion board depends on the
available power from the DC supply or the USB suppiyithe PC.

7.24.4 Reset

The nRESET signal is the main board reset signal. When the board powers up, this
signal will act as an input to reset circuitry on the expansion board. After power up, a
system reset can be generated by the expansion board by takirgigtial low.This

signal is a 1.8V level signal.

7.24.5 Power Control

There is an additionapendrainsignal on theconnectorcalledREGEN. The purpose of

this signalis to provide a means to control power circuitry on the expansion card to turn
on and offthe voltagesThis insures that the power on #epansiorboard is turned on at

the appropriate time. Depending on what circuitry is provided on the expdtsosh an
additional delay mape neecdto be added before the circuitry is activated. Red¢hé
processoandTPS65950documentation for more information.

7.25 LCD Expansion Header

If you choose not to use the LCD headers for access to the LCD sigfiaishe DVID
interface they can also be used for other functions on the board based pin tnex
setting of each pinlable 24 shows the options fdP11andTable 25 shows the options
for P13%. The MUX: column indicates which MUX mode must be set for each pin to
make the respective signals accessible on the pins pfabessar

Table 24. P11 GPIO Signals

Pin# Signal MUX:0 MUX:2 MUX:4
3 | DVI_DATA1 DATAL | UART1 RTS | GPIO71
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4 DVI_DATAO DATAO UART1_CTS | GPIO70
5 DVI_DATA3 DATA3 - GPIO73
6 DVI_DATAZ2 DATAZ2 GPIO72
7
8

DVI_DATA5 DATAS UART3_TX | GPIO75
DVI_DATA4 DATA4 UART3_RX | GPIO74

9 DVI_DATA12 | DATA12 GPIO82
10 | DVI_DATA10 | DATAI1O0 - GPIO79
11 | DVI_DATA23 | DATAZ23 - GPIO93

12 | DVI_DATA14 | DATAl4 - GPIO84
13 | DVI_DATA19 | DATA19 | McSPI3_SIMO| GPIO89
14 | DVI_DATA22 | DATA22 McSPI3_CS1 | GPI092
15 | 12C3_SDA 12C3_SDA - -
16 | DVI_DATAl1l | DATAll - GPIO81

17 | DVI_VSYNC VSYNC - GPIO68
18 | DVI_PUP DVI_PUP - -

Table 25. P13 GPIO Signals

Pin# Signal MUX:0 MUX:2 MUX:4
DVI_DATA20 | DATA20 | McSPI3_SOMI| GPIO90
DVI_DATA21 | DATA21 | McSPI3_CS0| GPIO91

3

4

5 DVI_DATAL17 | DATAL17 - GPIO87
6 DVI_DATA18 | DATA18 McSPI3_CLK | GPIO88
7 DVI_DATA15 | DATA15 - GPICB5
8 DVI_DATA16 | DATAL6 - GPIO86
9 DVI_DATA7 DATA7 UART1 RX GPIO77
10 DVI_DATA13 | DATA13 - GPIO83
11 DVI_DATA8 DATA8 - GPIO78
12 NC - - -

13 DVI_DATA9 DATA9 - GPIO79

14 | 12C3_SCL 12C3_SCL -
15 | DVI_DATAG DATAG UART1_TX | GPIO_76

16 | DVI_CLK+ PCLK - GPIO66
17 | DVI_DEN DEN - GPIO69
18 | DVI_HSYNC HSYNC - GPIO67

7.26 Auxiliary Expansion Header

New to theixM version is the addition oExpansion header called thuxiliary
Expansion HeadeAs is the case with many of the signals on the various connectors,
thes pins have multiple functions mapped per fiable 26 below is the pin out of the

MMC Connector. In order to access other signals on these pins, the pin muxing register
will need to be set as needed on a per pin basis.
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Table 26. P17 Auxiliary Expansion Signals

PIN SIGNAL [ PROC 0 | 1 | 2 | 3 | 4 | 5

1 VIO_1V8

2 VMMC2

3 MMC3_DAT4 AF13 ETK_D6 MCBSP5 DX| MMC3_DATZ4 HSUSB1 D§ GPIO_20

4 | MMC3 DAT] AH14| ETK D7 | MCSPI3_CS1| MMC3_DAT] HSUSB1 D3 GPIO_21| MMI_TXEN_|

5 MMC3_DAT3 AE13 ETK D3 MCSPI3_CLK| MM@G DAT3| HSUSB D7| GPIO_17

6 GPIO_16 AH12 ETK_D2 MCSPI3_CS0 HSUSB1 DZ GPIO_16| MM1_TXDAT

7 GPIO_15 | AG12| ETK D1 | MCBSPI3_SOM HSUSBL D1_GPIO_15| MMI_TXSEO

8 MMC3_DAT] AH9 ETK_D5 MCBSP5 FSX| MMC3 DAT] HSUSB1 D GPIO 19

9 MMC3_DATY AG9 ETK_D9 SERCURE_INI MMC3_DATY HSUSB1 NX| GPIO_23 MM1RX

10 | MMC3 DAT4 AF11 | ETK DO | MCSPI3_SIMQ_ MMC3_DAT4 HSUSB1_DJ_GPIO_14| MM1_RXRCV

11 MMC3 _DAT( AE1l ETK D4 MCBSP5 DR| MMC3 DAT( HSUSB1 D4 GPIO_18

12 MMC3_CMDO AE10 ETK_CL MMC3_CMD HSUSB1 CL| GPIO_13

13 | MMC3 DATE AF9 | ETK D8 | DRM_SECURE_MMC3_DAT HSUSB1 DI| GPIO_22

14 MMC3_CLK| AF10 ETK _CLK | MCBSP5 CLK)} MMC3_CLK| HSUSB1 STI GPIO_12 MM1_RXDP

15 HDQ J25 HDQ SYS_ALTCLK GPIO_170

16 DMAREQ3 | P8 DMAREQ3 GPT11 PWN GPIO 57

17 AUX _DC AUX_ADC

18 PWR_CNTR PWR_CNTRL

19 GND

20 GND

The following sectins provide a brief description of the functions of the pins available.
For a more complete description, please refer to the datasheet or Technical Reference
Manuals.Not all of these signals can be used at the same time. Only one signal can be
used per pi at one time based on the setting of the pin mux registers in the processor.
Make sure that you set the correct mux mode when using these signals for their various
configurations

7.26.1 MCBSPS5 Signals
Access to McBSP5 is provided as an option on the conndeable 27 below shows the

pins that the McBSP5 interface appears on. In ordexcctessthese signals, the mux
mode for each pin must be set to 1.

Table 27. P17 McBSP5 Expansion Signals
PIN SIGNAL 1/0 DESCRIPTION PROC PINS
3 MCBSP5_DX ®) Transmitted Data AF13
8 MCBSP5_FSX ®) Frame Sync AH9
11 MCBSP5_DR | Received Data AE11l
14 MCBSP5_CLKX o] Serial Clock AF10-

7.26.2 MMC3 Signals

These signals can be used to provide an additional SD/MMC interface on an expansion
board. All of these signals are 1.8V, so if you plan $e the signals as an SD/MMC
interface, then a level shifter wilkelvequired.In order to access these signals, they must

be in Mux mode 2Table 28 is a description of these signals.

ﬁ beagle
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Table 28. P17 MMC3 Expansion Signals

PIN SIGNAL I/0 PROC DESCRIPTION
3 MMC3_DAT?2 I/O AF13 Bidirectional data pin.
4 MMC3_DAT7 I/O AH14 Bidirectional data pin.
5 MMC3_DAT3 I/O AE13 Bidirectional data pin.
8 MMC3_DAT1 I/O AH9 Bidirectional data pin.
9 MMC3_DAT5 I/O AG9 Bidirectional data pin.
10 MMC3_DAT4 I/O AF11 Bidirectional da& pin.
11 MMC3_DATO I/O AE11 Bidirectional data pin.
12 MMC3_CMD 0] AE10 Command indicator signal
13 MMC3_DAT6 I/O AF9 Bidirectional data pin.
14 MMC3_CLK O AF10- Clock

This interface could also be used to communicate to an FPGA or a WLAN dlestce

uses the SDIO style interface

7.26.3 ETK Signals

The ETK signals can be used to provide additional debugging information. For more
information on the use of these signals, please refer to the processor Technical reference
Manual.Table 29 has the signals fahe ETK interface that are provided.

Table 29. P17 Auxiliary ETK Signals

PIN SIGNAL 1/0 PROC DESCRIPTION
3 ETK_D6 O AF13 Trace data pin.
4 ETK D7 @) AH14 Trace data pin.
5 ETK_D3 O AE13 Trace data pin.
6 ETK_D2 O AH12 Trace data pin.
7 ETK_D1 O AG12 Trace datain.
8 ETK_D5 O AH9 Trace data pin.
9 ETK D9 6] AG9 Trace data pin.
10 ETK_DO O AF11 Trace data pin.
11 ETK_D4 O AE11 Trace data pin.
12 ETK_CTL ®) AE10 Trace control signal.
13 ETK_D8 O AF9 Trace data pin.
14 ETK CLK 6] AF10- Trace clock.

Pagell3of 164




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

7.26.4 HSUSBL1 Signals

These signals are the other High Speed USB port found on the processor. It is the same
interfacethatis used to communicate to the UBS PHY on the board, but a different port.
Table 30 gives the signals that are used for this interféw order for these pins to be

used, the pin mux must be setMode 3.

Table 30. P17 High Speed USB Expansion Signals

PIN SIGNAL I/0 PROC DESCRIPTION
3 HSUSB1 D6 110 AF13 Bidirectional Data
4 HSUSB1 D3 110 AH14 Bidirectional Data
5 HSUSB D7 1/0 AE13 Bidirectional Data
6 HSUSB1_ D2 1/0 AH12 Bidirectional Data
7 HSUSB1 D1 1/0 AG12 Bidirectional Data
8 HSUSB1 D5 1/0 AH9 Bidirectional Data
9 HSUSB1_NXT I AG9 Next signal
10 HSUSB1 DO 1/0 AF11 Bidirectional Data
11 HSUSB1_D4 1/0 AE11 Bidirectional Data
12 HSUSB1 CLK 6] AE10 60MHZ Clock output
13 HSUSB1 DR I AF9 Data direction signal
14 HSUSB1_STP ) AF10- Stop signal

7.26.5 Alternate Clock

The SYS_ALTCLK signal can be used to provide an alternate system clock into the
processorThis can be used foritigs such as the GPTIMERS, USB, or as a clock for the

NTSC/PAL SVideo output.
7.26.6 HDQ 1-Wire

The HDQ/XWire module implements the hardware protocol of the master functions of
the Benchmarg HDQ and the Dallas Semiconductdfire® protocols. These protosol

use a single wire for communication between the master (HIN@/& controller) and

the slaves (HDQAWire external compliant devices).

7.26.7 ADC

There is one A to D converter pin provided on the Auxiliary Expansion Header. This pin
is labeledAUX_ADC and cmnects to theADCING pin of the TPS65950and can be
controlled and read by the processor using the 12C1 interface. There are voltage level
restrictions to this pin, so refer to thi®S65950documentation before using this pin.

ﬁ beagle
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7.26.8 GPIO Signals

Most of thesignals can also be configurad either inputs or outputs frothe processor.
Table 31 shows the GPIO pin options that can be used on each pin of the connector.

Table 31. P17 Auxiliary GPIO Signals

PIN | SIGNAL I/0 PROC DESCRIPTION

3 GPIO_20 | /O AF13 General Purposkput/Output
4 GPIO_21 | /O AH14 General Purpose Input/Outpult
5 GPIO_17 | 1/O AE13 General Purpose Input/Outpult
6 GPIO_16 | /O AH12 General Purpose Input/Outpult
7 GPIO_15 | 1/O AG12 General Purpose Input/Outpult
8 GPIO_19 | 1/O AH9 General Purpose Input/Outpu
9 GPIO_23 | 1/O AG9 General Purpose Input/Outpul
10 GPIO 14 | 1/O AF11 General Purpose Input/Output
11

12

13

14

15

16

GPIO 18 | /O AE11 General Purpose Input/Output
GPIO 13 | /O AE10 General Purpose Input/Output
GPIO 22 | 1/O AF9 General Purpose Input/Output
GPIO 12 | 1/O AF10- General Purpose Input/Output
GPIO_170]| 1/O J25 General Purpose Input/Output
GPIO_57 | /O P8 General Purpose Input/Output

7.26.9 DMAREQ

Pin 16 of theexpansion connector can also be configured fDIMAREQ pin. Refer to
the praessor Technical Reference Manual for more information on how to use this
signal.

7.27 Audio Expansion Header
Also new to thel xM is the addition of the Audio Header that provides access to the

McBSP2 bus that connects to tHEPS65950 This is the primary alio bus for the
processorFor further information on these signals, refegextion 8.16.2

ﬁ beagle
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8.0 Connector Pinouts and Cables

This section provides @efinition of the pinouts and cables to be used with all of the
connectors and headers on BeagleBoard

THERE ARE NO CABLES SUPPLIED WITH THE BEAGLEBOARD.

8.1 Power Connector

Figure 52 is a picture of th&8eagleBoargpower connector with the pins identifiethe
supply must have a 2.1mm center hot connector with a 5.5mm outside diameter.

GND DC

Figure 52. Power Connector

The supply must be at leasf with a maximum of3A. If the expansion connector is
used, more power will be required depending on the load of the devices connected to the
expansion connector.

§: beagleboard.org
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8.2 USBOTG

Figure 53is a picture of th&eagleBoardJSB OTG comector with the pins identified.

m
-

-

D1

se FTX N R®

\

Figure 53. USB OTG Connector

The shorting padg1, to convert the OTG port to a Host mode are fourigure 54.

Figure 54. OTG Host Shorting Pads

ﬁ beagleboard.org
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8.3 SVideo

Figure 55 is the SVideo connector on thBeagleBoard

Luminance

Chrominance

Figure 55. S-Video Connect or

§: beagleboard.org
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8.4 DVI-D

Figure 56 is the pinout of th®VI-D connector orBeagleBoard

Cable End
HEEE BHER
-— HEE HEBR
HEEE HER
OVI-D (Single Link
BeagleBoard

10 17 15 13 i} 1

"

r s 3

1@ 16 14 12 10 8 & 4 2

Figure 56. DVI-D Connector

Table 32is the pin numbering of the two ends of the cable as it relates to the signals used in the
DVI-D interface itself.

Table 32. DVI-D to HDMI Cable

SIGNAL DVI-D PIN# HDMI PIN#
DATA 2- 1 3
DATA 2+ 2 1
SHIELD 3 2
4
5
DDS CLOCK 6 15
DDS DATA 7 16
8
DATA 1- 9 6
DATA 1+ 10 4
SHIELD 11 5
12
13
5V 14 18
GROUND (5V) 15 17
16
DATA 0- 17 9
SIGNAL DVI-D PIN# DVI-D PIN#
DATA 0+ 18 7
SHIELD 19 5
20
21
22
CLOCK+ 23 10
CLOCK- 24 12

ﬁ beagle
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DO NOT PLUG IN THE DVI -D CONNECTOR TO A DISPLAY WITH THE
BEAGLEBAORD POWERED ON. PLUG IN T HE CABLE TO THE DISPLAY
AND THEN POWER ON THE BEAGLEBOARD.

Figure 57 is one ofthe cables that carbeused to connect tan LCD monitor.

N

Figure 57. DVI-D Cable

A standard HDMI cable may be used as well as long as it is used with an adapter if you
are connecting to a monitor via the DMIport. Figure 58 shows this configuration.

Figure 58. DVI-D Cable

In somecases, the HDMI to HDMI connector could be used to connect direat to
monitor equipped with a HDMI port. It some cases, the BeagleBoard may not work if the
display timing is not accepted by the display. It should also be noted that no audio will be

provided over this interface.
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85 LCD

This section covers the pair of heexléhat provide access to the raw 1.8V DSS signals
from the processoilhis provides the ability to create adapterssiach thingsas different

LCD panels, LVDSnterfacesetc.

8.5.1 Connector Pinout

The Table 33 and34 define the pinout of the LCD connecsoAll signal levels are 1.8V

with the exception of DVI_PUP signal which is 3.3V.

Table 33. P11 LCD Signals
Pin# Signal I/0 Description

1 DC 5V PWR | DC rail from the Main DC supply

2 DC 5V PWR | DC rail from the Main DC supply

3 DVI_DATA1 0 LCD Pixel Data bit

4 DVI_DATAO 0 LCD Pixel Data bit

5 DVI_DATA3 0 LCD Pixel Data bit

6 DVI_DATA2 0 LCD Pixel Data bit

7 DVI_DATA5 0 LCD Pixel Data bit

8 DVI_DATA4 0 LCD Pixel Data bit

9 DVI_DATA12 0 LCD Pixel Data bit

10 | DVI_DATAI10 0 LCD Pixel Data bit

11 | DVI_DATAZ23 0 LCD Pixel Data bit

12 | DVI_DATA14 0 LCD Pixel Data bit

13 | DVI_DATA19 0 LCD Pixel Data bit

14 | DVI_DATA22 0 LCD Pixel Data bit

15 | 12C3_SDA I/O | I12C3 Data Line

16 | DVI_DATA1l 0 LCD Pixel Data bit

17 DVI_VSYNC O LCD Vertical Sync Signal
Control signal for the DVI
controller. When Hi, DVI is

18 DVI_PUP 0] enabled. Can be used to activat
circuitry on adapter board if
desired.

19 | GND PWR | Ground bus

20 | GND PWR | Ground bus
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Table 34. P13 LCD Signals

Pin# Signal I/0 Description
1 3.3V PWR | 3.3V referege rail
2 VIO _1V8 PWR | 1.8V buffer reference rail
3 DVI_DATA20 0 LCD Pixel Data bit
4 DVI_DATA21 0 LCD Pixel Data bit
5 DVI_DATA17 0 LCD Pixel Data bit
6 DVI_DATA18 0 LCD Pixel Data bit
7 DVI_DATA15 0 LCD Pixel Data bit
8 DVI_DATA16 0 LCD Pixel Databit
9 DVI_DATA7 0 LCD Pixel Data bit
10 DVI_DATA13 0 LCD Pixel Data bit
11 DVI_DATAS8 0 LCD Pixel Data bit
12 NC No connect
13 DVI_DATA9 LCD Pixel Data bit

12C3 Clock Line
LCD Pixel Data bit

14 12C3_SCL
15 DVI_DATAG6

o|o|o|o|

16 DVI_CLK+ DVI Clock

17 DVI_DEN Data Enable

18 DVI_HSYNC Horizontal Sync
19 GND PWR | Ground bus

20 GND PWR | Ground bus

Figure 59 shows where pins 1 and 2 are located on each connector, front and back sides
shown. The top side pins make for convenient test points diegee

P11

a
>
W
o
O
-

PIN2 PIN1 PIN2 PIN1

Figure 59. LCD Expansion Connector Pins

ﬁ beagleboard.org
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8.5.2 Camera

Table 35 is the pinout of the camera connector on the bo&igure 60 shows the pin

number and location of the camera connector.

Table 35. P10 Camera Signals
Pin# Signal I/0 Description
1 CAM_D11 | Camera Data 11
2 CAM_CLKA 0 Camera main clock
3 CAM_D10 | Camera Data 10
4 GND PWR | Ground
5 CAM_D9 | Camera Data 9
6 12C_ DA Camera control data
7 CAM_D8 | Camera Data 8
8 12C_SCL I/0 | Camera control clock
9 CAM_D7 | Camera Data 7
10 CAM_FLD | Camera Reset
11 CAM_D6 | Camera Data 6
12 CAM_WEN I Camera Output enable
13 CAM_D5 | Camera Data 5
14 GND PWR | Ground
15 CAM_D4 | Camera Data 4
16 CAM_2V8 PWR | Camera 2.8V core voltag
17 CAM_D3 | Camera Data 3
18 CAM_2V8 PWR | Camera 2.8V core voltag
19 CAM_D2 | Camera Dat 2
20 GND PWR | Ground
21 CAM_D1 | Camera Data 1
22 GND PWR | Ground
23 CAM_DO | Camera Data O
24 DC_5V PWR | 5V supply
25 DC_5V PWR | 5V supply
26 DC_5V PWR | 5V supply
27 CAM_PCLK I Camera Pixel Clock
28 GND PWR | Ground
29 CAM_HS I Camera Horizontal Sync
30 CAM_1V8 PWR | 1.8V 1O rail
31 CAM_VS I Camera vertical Sync
32 CAM_1V8 PWR | 1.8V 1O rail
33 GND PWR | Ground
34 GND PWR | Ground

Pagel23of 164

RevisionC.1.0



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

-~
N

CAMERA

EXPANSION

00c¢0O00Q00GO0Q
T L EEEEE Y

SNBSS EREE

R122

L.
| R
.
LA
t -
.
L
L &
[ &
[ =
L.
| ™.
[ 8
‘V
| =
[ -
e
2"

Figure 60. Camera Connector

Figure 61 is thefront of the camera moduldhe camera should face to the edge of the
board(Left) when installedThe camera module is not supplied with the BeagleBoard.

@TP‘ = 3M Madule

CAMERA MODULE BOARD
REV 1.0

LEOPARD iMAGING

Figure 61. Camera Module
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8.5.3 Audio McBSP2 Port

New to thei XM version is the addition of a four pin connector that provides access to the
McBSP2 audio serial interfac@Vhile other McB® ports can be used for audio,
McBSP2 is the most desirable due its largeffleus. Table 36 is the pin out of the

connector.

Table 36. P10 McBSP2 Signals
Pin# Signal I/0 Description
1 McBSP2_DX O | Transmit Out
2 McBSP2_FSX 0] Frame Sync
3 McBSP2_DR I Receive In
4 McBSP2_CLKX| O Clock

Figure 62 is the pinnumber location of P10.

Figure 62.

ﬁ beagleboard.org
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8.5.4 Auxiliary Access Header

Table 37 gives thesignal names of the pins on the Auxiliary Access Cotanec

Table 37. P17 Auxiliary Access Signals

Pin# Signal I/0 Description

1 VIO_1V8 PWR | 1.8V 10 Rail

2 VMMC2 PWR | 1.85V to 3.15V Rail. Configurable via SW.
3 MMC3 _DAT2 | 1/O | MMC interface data pin.

4 MMC_DAT7 I/0 | MMC interface data pin.

5 MMC3 _DAT3 | 1/O | MMC interface data pin.
6

7

8

9

GPIO_16 I/O | General purpose I/O pin
GPIO_15 I/O | General purpose I/O pin
MMC3_DAT I/0 | MMC interface data pin.
MMC_DAT5 I/0 | MMC interface data pin.
10 MMC3_DAT4 | 1/0 | MMC interface data pin.
11 MMC_DATO I/0 | MMC interface data pin.
12 MMC3_ CMD 0 MMC CMD signal pin
13 MMC_DAT6 I/0 | MMC interfacedata pin.
14 MMC3_CLK 0 MMC clock pin

15 HDQ I/0 | I-wire interface pin

16 DMAREQ3 I/0 | DMA request input pin

17 | AUX_ADC I ADC on TPS65950

18 PWR_CNTRL I Control pin for on/off button to the TPS65950
19 GND PWR

20 GND PWR

Figure 63 shows tle location of P17.

PIN1

[
]
—
O
o
o
N
)

Pt §

Figure 63. Auxiliary Access Connector

ﬁ beagleboard.org
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8.5.5 LCD and Expansion Measurements

Figure 64 provides some of thdimensions that caassist in thdocation of the LCD
headerslt is strongly recommended that the CAD data be used in order to determine
their location exact Table 38 provides the values for each lettered dimension.

C
—IB —

O

<D
e
>
<
TP2 :" P10
< us
A 'O o ®
O
o oflo o} S
| 27 28 c124
© R113/ R2¢
o
13 =
g 1
| <o
("2 )
§ o L
w o) o
= Ao > U7
3 - a 1 €103

Figure 64. Top Mount LCD Adapter

Table 38. Connector Dimensions

Dimension | Inches | Millimeters
A 121 27.56
B 0.118 2.99
C 0.296 7.52
D 0.190 4.83
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8.5.6 Mounting Scenarios
This section provides a few poss&bhounting scenarios for the LCD connectors. It

should be noted that the voltage level of these signals are 1.8V. It will require that they be
buffered in order to drive other voltage levels.

Figure 65 shows the board being mounted under the BeagleBoard.

Buffer Logic BeagleBoard
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Figure 65. Bottom Mount LCD Adapter
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8.6  Audio Connections

Figure 66 is the audio input jack required to connect toBeagleBoard

Left

Right
3.5mm

GND

Figure 66. Audio In Plug

Figure 67 is the actual connector used on BeagleBoard

Figure 67. Audio In Connector

ﬁ beagle
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8.7 Audio Out

Figure 68 is the audio oufack required to connect to tiBeagleBoard

Left

Right

3.5mm

GND

Figure 68. Audio Out Plug

Figure 69 is the actual connector used on BeagleBoard

Figure 69. Audio Out Connector

ﬁ beagle
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8.8 JTAG

Figure 70is the JTAG connector pin oshowing tle pin numbering

Keypin Pin 2

Figure 70. JTAG Connector Pinout

Table 39 gives a definition of each of the signals on the JTAG header.

Table 39. JTAG Signals

Pin Signal Description I/0
1 JTAG_TMS Test mode select /0
3 JTAG_TDI Test data input I
7 JTAG_TDO Test Data Output O
9 JTAG_RTCK | ARM Clock Emulation O
11 JTAG_TCK Test Clock I
2 JTAG_nTRST | Test reset |
13 JTAG_EMUOQO | Test emulation O /0
14 JTAG_EMUL | Test emulation 1 /0
5 VIO Voltage pin PWR

4,8,10,12,14 | GND Ground PWR

All of the signals are 1.8V only. The JTAG emolamust support 1.8V signals for use
on theBeagleBoard

ﬁ beagleboard.org
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If a 20 pin connector is provided on the JTAG emulator, then a 20 pin to btignter
must be usedYou may also use emulators that are either equipped with @in
connector or are universal mature.

Figure 71 shows an example of a 14 pin to 20 pin adapter.

Figure 71. JTAG 14 to 20 Pin Adapter

Figure 72 shows how the JTAG cable is to be routed when connected to the
BeagleBoard

Figure 72. JTAG Cable Placement

El
3
&
i
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8.9  Battery Installation
8.9.1 Battery

The board was ebigned to use thBIS412FEFL26E battery fromSeiko Instruments

This is a Lithum Rechargeable Battery with emAH capacity.Figure 73 is a picture of

the battery.lt is also possible that the user may choose to install a higher capacity
Lithium battery.

Figure 73. Optional Battery

8.9.2 Battery Installation

THE FOLLOWING STRUCTIONS ASSUME THE USER HAS PREVIOUS

EXPERIENCE WITH BATTERIESBATTERY INSTALLATION IS THE SOLE
RESPONSABILTY OF THE USER. INSTALLATION OF THE BATTERY BY THE
USER IS AT THEIR OWN RISK. FAILURE TO FOLLOW THE INSTRUCTIONS
CAN RESULT IN DAMAGE TO THE BOARD. THIS DAMAGE IS NOT COVERED
UNDER THE WARRANTY.

ﬁ beagleboard.org
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Figure 75. Resistor R65
Following are the steps required to install the battery.

1) Remove all cables from the board.

2) RemoveR65 from the boards shown oifrigure 75.

3) UsingFigure 73, locate the positive (+) lead of the battery.
4) Insert the (+) lead into the hole thamsirked (+) orfFigure 74.

ﬁ’ beagleboard.org
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9.0 BeagleBoardAccessories

Throughout this manual various items are mentioned as not being provided with the
standardBeagleBoardpackageor as options to extend the features of BeagleBoard

The concept behinBeagleBoards that different features and functions can be added to
BeagleBoardy bringing yourown peripherals. This has several key advantages:

o0 User can choose which peripherals to add.

0 User can choose the brand of peripherals based on driver availability and ability
to acquire the particular peripheral

0 User can add these peripherals at a lower cost than if they were integrated into the
BeagleBoard

This sectioncovers hese accessoriend addons and provides information on where
they may be obtaine®bviously thigs can change very quickly as it relates to devices
that may be available. Please ch&#agleBoardrg for an up tadatelisting of these
peripherals.

Inclusion of any products in this section does not guarantee that thel,/ will
operate with all SW relsas. It is up to the user to find the approprjate
drivers for each of these produclistormation provided here is intended |to
expose the capabilities of what can be done witlBéegleBoaradand how it
can be expanded.

Inclusion of any product in thigstion is not an endorsement of the proquct
by Beagleboard.org, but is provided as a convenience only to the userg of the
BeagleBoarekM board.

All pricing information provided is subject to change andnost cases is likely to be
lower depending orhe products purchased amdrh where they are purchased.

Covered in this section are the following accessories:

DC Power Supplies
Serial Ribbon cable
USB Hubs

USB Thumb Drives
DVI-D Cables
DVI-D Monitors
SD/MMC Cards
USB to Ethernet

ﬁ beagleboard.org
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o USB to WiFi
o0 USB Blueboth
o0 Expansion Cards

NO CABLES OR POWER SUPPLIES ARE PROVIDED WITH THE BEAGLEB OARD.

9.1 DC Power Supply

Tabletop or wall plug supplies can be used to pd®esxrgleBoardTable 40 provides the
specifications for thé8eagleBoardDC supply. Supplies that provedadditional current

than what is specified can be used if additional current is needed for add on accessories.
The amount specified is equal to that supplied by a USB port.

Table 40. DC Power Supply Specifications

Specification Requirement Unit
Voltage 5.0 V
Current 1.5(minimum) A
Connector 2.1mmx 5.5mmCenter hot

It is recommended that a supply higher the&# be used if higher current peripherals are
expected to be usent if expansion boards are addddhe onboard USB hub and Ethernet
do consume additi@h powerand if you plan to load the USB Host ports, more power
will be required.

Table 41 lists some power supplies that will work with tReagleBoard

Table 41. DC Power Supplies

Part# Manufacturer Supplier Price
EPS050104P6P CUI Digi-Key $7
DPS050200UP$5P-SZ CUI Digi-Key $16

Figure 76 is a picture of théype of power supply that will be used on BeagleBoard

2

Figure 76. DC Power Supply

ﬁ beagle
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9.2 DVI Cables

In order toconnect the D\AD interface to a LCD monitor, a HDMI to DMD cable is
required.Figure 77 is a picture of &alDMI to DVI-D cable.

Figure 77. HDMI to DVI-D Cable
9.3 DVI-D Monitors

There are many monitors that can be used withBbagleBoard With the integrated EDID
feature, timing data is collected from the monitor to enable the SW to adjust its tifratdgs 42
shows a short list of the monitors that have been testatht® onthe BeagleBoardat the
1024x768 resolution. Please check BeagleBoardrg for an up to date listing of the D\D
monitors as well as information on the availability of drivers.

Table 42. DVI-D Monitors Tested

Manufacturer Part Number Status
Dell 2407WFPb Tested
Insignia NS-LCD15 Tested
Dell 1708FP Tested

LG FLATRON W2243T Tested

DO NOT PLUG IN THE DVI -D CONNECTOR TO A DISPLAY WITH THE
BEAGLEBAORD POWERED ON. PLUG IN T HE CABLE TO THE DISPLAY
AND THEN POWER ON THE BEAG LEBOARD.

The digital portion of the DVD interface is compatible with HDMI and is electrically

the same. A standard HDMI cable may be usedonnectto the HDMI input of
monitors. Whetheror not the Beagle will support those monitorsdependenpn the

timings that are used on the Beagle and those that are accepted by the monitor. This may
require a change in the softwarenning on the BeagleThe audio and encryption
features of HDMI are not supported by the Beagle.
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The analog portion of DVI which pvidesRGB analogype signals is not supported by
the Beagle. Buying a DVI to VGA adapter connector will not work on a VGA display.
You will need a active DVID to VGA adapter.

94 microSD Cards

Table 43 is a list of SD/MMC cards that have been testedBaagleBoard Please check
BeagleBoard.ordor an up to date listing of the SD/MMC cards that have been tested as well as
information on the availability of drivers if required.

Table 43. SD/MMC Cards Tested

Manufacturer Type Part Number Status
Patriot 4GB Tested

9.5 USB to WiFi

There are several USB to WiBdapters on the market aRtjure 78 shows a few of
these devices. These devices can easilyWdidld connectivity toBeagleBoardy using
the USBOTG port in thehost mode This will require a special cable to convert the
miniAB connector to a Type A or a hub can also be uEkese are provided as examples
only. CheckBeagleBoararg for information on devices that have drivers available fo
them.

54MB
WIRELESS

802.11g

Figure 78. USB to WiFi

Table 44 provides a list of USB towiFi adapters that could be used with the
BeagleBoardinclusion of these items in the table does not guarantee that they will work,
but is provided as examples onBlease checBeagleBoardrgfor an up to date listing

of the USB taWiFi devices as well as information on the availability of drivers.
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Table 44. USB to WiFi Adapters

Product Manufacturer Status
441000-00AF Zoom Not Tested
HWUG1 Hawkins Not Tested
TEW-429Uf Trendnet Not Tested

It should be noted that the availability of Linux drivers for various WiFi devices is
limited. Before purchasing a particular device, please verify the availability of drivers for
that device.

9.6 USB to Bluetooth

There are several USB to Bluetooth adapterthemmarket anérigure 79 shows a few of
these devices. These devices can easily add Bluetooth connectiBadgteBoardy
using the USBOTG port in the host mod@&his will require a special cable to convert the
miniAB connector to a Type A or a hulart also be used.These are provided as
examples only. ChecBeagleBoardrg for information on devices that have drivers
available for thenand their test status

%é# =, :

Figure 79. USB to Bluetooth

Table 45 provides a list of USB tdBluetooth aapters that could be used with the
BeagleBoardinclusion of these items in the table does not guarantee that they will work,
but is provided as exampleslpnPlease checBeagleBoardrg for an up to date listing

of the USB tdBluetoothdevices as well as information on the availability of drivers.
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Table 45. USB to Bluetooth Adapters
Product Manufacturer Status
TBW-105UB Trendnet Not Tested
ABT-200 Airlink Not Tested
F8T0121 Belkin Not Tested
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10.0 Mechanical Information

10.1 BeagleBoardDimensions

This section provides information on the mechanical aspect @dehgleBoardFigure
80is the dimensions of thiBeagleBoardDespite the change in the overall dimensiof
the board, the mounting holes and the replacement of the main expansion and LCD

headers are the same as is found oBtagleBoardoard.
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" seeiiges
L1d
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Figure 80. BeagleBoard Dimension Drawing
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10.2 BeagleBoardExpansionCard Designinformation

This section provides infaration on what is requireddm a mechanicadnd electrical
aspect to createxpansiorcards for the BeagleBoardhat are designed to connect to the
Expansion header on the BeagleBo&isers are free to create their own cards for private
or commercial usebut in order to be supported by tBeftwarethey must conform to
these standards if such support is desired.

10.2.1 Mounting Method

The standardmethod to provide a daughtercaiar the BeagleBoard is for it to be
mounted UNDER the Beagle Board as desttimFigure 81.

EeagleBoard

Daughtercard

Figure 81. BeagleBoard Bottom Stacked Daughter Card

All BeagleBoarexM produced will have the connectors pre mounted onto the bottom of
the BeagleBoards described abov&hei xM has additional connectors on the back of
the boardFigure 82 shows their location.
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Figure 82. BeagleBoard -xM Expansion Headers

10.2.2 Expansion EEPROM

All expansion cards designed for use with the BeagleBoard are required to have a
EEPROM located on the board. This is to allow for the identification of the card by the
Software in order to set the pin muxing on the expansion connector to be compatible with
the expansion card.

The schematic for the EEPROM iskigure 83 below.
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Figure 83. BeagleBoard Expansion Board EEPROM Schematic

4.

BB WP
BB _12C_SCL
BB_I2C_SDA

AN |-
(620 (] BN (o]

<

The EEPROM must be write protected. It is suggkesiat a testpoint be used to allow

for the WP to be disabled during test to allow the required data to be written to the
EEPROM The EEPROM is to be connected to 12C2 as found on the main expansion
connector.

The EEPROM that is designated is the AT24G@01ATC24C01B. The AT24CO01 is
designated as ANoOt Recommended for New
AT24CO01B is the replacement pamdis available in several different packages, all of
which can be used.

TSSOP 8
PDIP 8
UDFN 8
SOIC 8
SOT235
dBGA2 8

O 0O O0OO0OO0Oo

Thecontents of the EEPROM amet specified in this document.

ﬁ beagle
Pageld4of 164

De.



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

11.0 Board Verification Test Points

There are several test points that may be useful if it becomes necessary to troubleshoot
the BeagleBoaradM board.Figure 84 shows the top side test points.

.DVY-D‘ s

VDD_MMC1

DC_5V

EXP_VDD
AUX_3.3V
10_1V8
O @ e T =3 2 : MEMCAVE
B o | o R4Be 9o, E .
o 22T | 5 c83sacs
&1 Ll | o RS2€%y |
> 1 N
MEM_2V8 >

VBUS_5V

VDD2

CAMERA

VDD1

eSSV

R122

EXPANSION
sie

R98

L)

;1[;1‘1%;;;7 85,9""‘?”'”"
eiten :

DC_IN
VMMC2

DC_5V_USB

WL LT

UB_3V3

Figure 84. BeagleBoard Voltage Access Points

Some of these voltagesagnnot be present depending on the state offine4030as set
by theprocessarOthers may be at different voltage levels depending on the same factor.
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Table 46 provides the ranges of the tades and the definition of the conditions as

applicable.
Table 46. Voltages

Voltage Min | Nom | Max Conditions
VIO_1V8 1.78 1.8 1.81
VDD_SIM 1.78 1.8 1.81
VBUS 5V0 4.9 5.0 5.2 | From the host PC. May be lower or higher.
VOCORE_1V3 | 1.15 1.2 14 | Can be set via SW. age levels may vary.
VBAT 4.1 4.2 4.3
VDAC_1V8 1.78 1.8 1.81
VDD PLL1 1.78 1.8 1.81
VDD _PLL2 1.78 1.8 1.81
VDD?2 1.15 1.2 1.25
3.3V 3.28 3.3 3.32
VMMC1 (3V) 2.9 3.0 3.1 | 3.0V at power up. Can be set to via SW.
VMMC1(1.8V) 1.78 1.8 1.81
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11.1.1 Signal Access Points

Figure 85 shows theacces$oints for variousignalson BeagleBoard
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Figure 85. BeagleBoard Signal Access Points
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11.2 Troubleshooting Guide

Table 47 provides a list of possible failure modes and conditiomssaiggestions on how
to diagnose them and ultimate determine whether the HW is operational or not.

Table 47. Troubleshooting

Symptoms Possible Problem Action

If off and running over USB,
the PC mayave shut down
the voltagadue to excessive
current as related to what it is
JTAG does not conned Verify that the Power LED ig capable of providingRemove
on. the USBcable and re insert

If running on a DC supply
make sure that voltage is bein

supplied.

JTAG interface needs to be | Reset théBeagldBoard

reset

Incorrect serial cable Verify straight thru cable

configuration. configuration.

If a60is displayed over the | Make sue the SD/MMC card
UBoot does not start,| serial cableprocessor is is installed all they way into
and no activity on the| hooting. Issue could be the | the connector.

RS232 monitor. | SD/MMC card. Make sure the card is
formatted correctly and that
the MLO file is the first file
written to the SD card.

USB Host Connection | Cheap USB CableOTG Measure the voltage at the ca
Issuesvia OTG. cables are typically not to determine the voltage drop

designed for higher current.| across the cable. If it the leve
The expect 100mA max. is below 4.35V, the USB
poweris not guaranteed to
work.
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12.0 Known Issues

This section provides inforation on anyknown issues with th&eagleBoardHW and
the overall statuslable 48 provides a list of the know issues on BeagleBoard

Table 48. Know n Issues

Affected Issue Description Workaround Final
Revision Fix
A DVI Powerdown DVI power down signal is not None B
operational
Reset signal to huis not operational| Hub can be powere(
A USB Hub reset off and on to create { No Plan
reset scenario
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13.0 PCB Component Locations
Figures 86 andFigure 87 contain the bottom and top sidencponentocations of the

BeagleBoard
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Figure 86. BeagleBoard Top Side Components
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14.0 Schematics

The following pages contain tHeDF schematics for th8eagleBoardThis manual will
be periodically updated, but for the Ilatedbcumentation be sure and check
BeagleBoardrg for the latest schematics.

OrCAD source filesaareprovided forBeagleBoardn BeagleBoardrgat the following
link.

http://beagleboard.org/hardwaregign

These design materials at&lOT SUPPORTED*and DO NOT constitute a reference

desi gn. Only Acommunityo <BaagleBoardiorgidiscusa.l | owe d
THERE IS NO WARRANTY FOR THE DESIGMTERIALS, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN
WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE
DESI GN MATERI ALS #AAS |1.So WI THOUT WARRANTY
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LINHD 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 NECESS8RRVICING, REPAIR

OR CORRECTION.

We mean it, these design materials may be totally unsuitable for any purposes.
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5 A <t
DESCRIPTION ‘ ' ©
BV DATE| BEY] —
FEATURE CHANGES ..m
1. Added 4 port LEFS/HS HUB to provide four U'SE Host ports. CONTENTS o™
2. Made connection for fie 1,8V rail on the USE PHY o go to VALUXZ . o . . o
3. Added camera comnnector that i compatible to the Leopard Imaging Camesa PAGE NO. SCHEMATIC PAGE mv.
movchubes D
4, Added power rmanagement capabilties o allow shut dowm of serial port, CVI-DJand 1 COVER PAGE nnaU
a | power LED 2 USB OTG CONNECTOR AND MAIN POWER
5. Swilched o DMITI0 processor and 512MB mamaory. amos| Go - a
&, Added ablity to turn off 26MHZ oscllator 3 PROCESSOR 1 OF 3
7. Increased overall board size o accomodate the changes. e - - P
8. Changed serial connector o a female DB 4 PROCESSCOR 2 OF 3, JTAG, SWITCHES, LEDS, SVIDED
9. Added a 107100 Ethemet port. 5 PROCESSOR 3 OF 3
1. Disabled the DVI-D powes down due to use of wrong GPIO pin, Pin ks in the MMJ 8 PMIC, AUDIO JACKS, CLOCKS
ap | Eroue and it cannot be switched to 1.8V without impacting fhe 50 card slot. ac - -
2. Disables HUB reset dus o a timing ssue with SW. When active the LANSS14 sEnn T PMIC, POWER RAILS
wothd not work comectly and the Ethemet funclion is broken 8 MICROSD RS232 CAMERA EXPANSION
A . Y
a2 Changed GO to DM and changed R34, 4 TK to instaled to enable the 5-\ideo g DVID, LCD EXPANSION -
operation, sME0| GC
10 UEB HOST, HUB, ETHERNET
NO MAJOR FEATURE CHAMNGES.
1. PCB Layout changes
2. Added R157 in sevies with MMCZ2_CLK. arsnel ae
a | 2 Ardded R158 ko isclate shunt FET fo reduce power in DG mode, A This schematic 1s *NOT SUPPCRTED® and DORS NOT constitute
4. Added optional puBup reskstors on 12C2_3CL and 2C_SDA into fhe layoul a reference design. only "ocommunity” support iz allowed
5 Moved DW_PUP signal to TRSE5850. Previous locafon could notbe used due th a a resources at BeagleBoard.org/discuss.
confBel with the MMC function on the pne.
MO MAJOR FEATURE CHAMGES.
B | 1. Changed DM3730 from an ES1.0to a ES1.1
 Changed DM3IT30 from an ES1.010a ES s G .
REPLACED OVERVOLTAGE CIRCUIT
1. Deleted U19, U31, and U32
2 Deleted C214 and C212 .
3 Added new U317 and U322 NCP3MOMNAE overvoltage proteciion device THE X
ADDED DC POWER DETECTION . e
1. Moved Q25 to level shift nUSE_PWR 12720 | GC
e 2 Connected Q24 output to the TP SE5050 GPIO 2z indication §iat the boardis DC

powered when LOW

CHANGED S0 CONNECTOR DUE TO EQOL OF CURRENT PART

1. Replaced uSD connecior with new part number

2 Delete C188, R131, R133 R132 R134 R152 R153,R15 R144, R120,C2 11
CHAMGED PROCESSCOR TO ES1.2

CHANGED USE HUB DEFAULT MODE

1. Chenged DC control of HUE to come up OFF. Requires SW o activate

Tida
BeageBoard-xM Cover Page

e | Document Humber
B | 450-5100-001

q
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