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THIS DOCUMENT

This work is licensed under thedative Commons AttributieShare Alike 3.0 Unported
License. To view a copy of this license, vitiip://creativecommons.org/licenses/by
sa/3.0/ or send a letter to Creative Commons, 171 Sec8itreet, Suite 300, San
Francisco, California, 94105, USA.

All derivative works are to be attributed to Gerald Coley of BeagleBoard.org.

For more information, sekttp://creativecommons.org/license/results
one?license code=bsa

Send all comments and errors concerning this document to the author at
gerald@beagleboard.org

For other questions you may contact Gerald at:

Gerald Coley
Texas Instruments
12500 TI Blvd. Dallas, Tx 75243
g-coleyl@ti.com

All information in this document is subject to change without notice.
For an up to date version of this documentefer to:

http://circuitco.com/support/index.php?titte=BeagleBoneBlack#LATEST PRODUC
TION FILES .28A5A.29
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BEAGLEBONE DESIGN

These design materials referred to in thigwment areNOT SUPPORTED* and DO NOT

constitute a reference design. Oonl vy ficommun

BeagleBoard.org/discuss.

THERE IS NO WARRANTY FOR THE DESIGN MATERIALS, TO THE EXTEN
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN
WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE
DESI GN MATERI AL S nAS I So WI THOUT WARRANTY
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE DESIGN
MATERIALS IS WITH YOU. SHOULD THE DESIGN MATERIALS PROVE DEFECTIVE,

YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

This board was designed as an evaluation and development tool. It was not designed with any
other application in mind. As sugchhe design materialshat are provided which include
schematic, BOM, and PCB filemay or maynot be suitable forrey other purposes. If used, the
design material becomes your responsibility as to whether or not it meets your specific needs or
your specific applicationand may require changes to meet your requirements.
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BEAGLEBONE BLACK ADDITIONAL TERMS

BeagleBoard.org, Circuitco, LLC, and BeagleBoard.org (Supplier) provide the enclosed
BeagleBone under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the
goods. Further, the user indemnifies Supplier from all claims arising from the handling
or use of the goods.

Should the BeagleBone not meet the specifications indicated in the System Reference
Manual, the BeagleBone may be returned within 90 days from the date of delivery to the
distributor of purchase for a full refund. THE FOREGOING LIMITED WARRANTY IS THE
EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER AND IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO
THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE
LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES.

Please read the System Reference Manual and, specifically, the Warnings and Restrictions
notice in the Systems Reference Manual prior to handling the product. This notice contains
important safety information about temperatures and voltages.

No license is granted under any patent right or other intellectual property right of Supplier
covering or relating to any machine, process, or combination in which such Supplier products
or services might be or are used. The Supplier currently deals with a variety of customers for
products, and therefore our arrangement with the user is not exclusive. The Supplier assume
no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein.

UNITED STATES FCC AND CANADA IC REGULATORY COMPLIANCE
INFORMATION

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

void the userés authority to operate the

This Class A or B digital apparatus complies with Canadian ICES-003. Changes or
modifications not expressly approved by the party responsible for compliance could
void the userds authority to operate t
classe A ou B est conforme a la norme NMB-003 du Canada. Les changements ou
les modifications pas expressément approuvés par la partie responsible de la
conformit® ont pu vider | dautorit® de |
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BEAGLEBONE WARNINGS,
RESTRICTIONS AND
DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. The
BeagleBone Black is not a complete product. It is intended solely for use for preliminary
feasibility evaluation in laboratory/development environments by technically qualified
electronics experts who are familiar with the dangers and application risks associated with
handling electrical mechanical components, systems and subsystems. It should not be
used as all or part of a finished end product.

Your Sole Responsibility and Ri& you acknowledgeaepresentand agree that:

1. You have unique knowledge concerning Federal, State and local regulatory
requirements (including but not limited to Food and Drug Administration regulations, if
applicable) which relate to your products and which relate to your use (and/or that of
your employees, affiliates, contractors or designees) of the BeagleBone for evaluation,
testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your
products with all such laws and other applicable regulatory requirements, and also to
assure the safety of any activities to be conducted by you and/or your employees,
affiliates, contractors or designees, using the BeagleBone. Further, you are
responsible to assure that any interfaces (electronic and/or mechanical) between the
BeagleBone and any human body are designed with suitable isolation and means to
safely limit accessible leakage currents to minimize the risk of electrical shock hazard.

3. Since the BeagleBone is not a completed product, it may not meet all applicable
regulatory and safety compliance standards which may normally be associated with
similar items. You assume full responsibility to determine and/or assure compliance
with any such standards and related certifications as may be applicable. You will
employ reasonable safeguards to ensure that your use of the BeagleBone will not
result in any property damage, injury or death, even if the BeagleBone should fail to
perform as described or expected.

Certain _Instructions. It is important to operate the BeagleBone Black within Su p p |
recommended specifications and environmental considerations per the user guidelines.
Exceeding the specified BeagleBone ratings (including but not limited to input and output
voltage, current, power, and environmental ranges) may cause property damage, personal
injury or death. If there are questions concerning these ratings please contact the Supplier
representative prior to connecting interface electronics including input power and intended
loads. Any loads applied outside of the specified output range may result in unintended
and/or inaccurate operation and/or possible permanent damage to the BeagleBone and/or
interface electronics. Please consult the System Reference Manual prior to connecting any
load to the BeagleBone output. If there is uncertainty as to the load specification, please
contact the Supplier representative. During normal operation, some_circuit components
may have case temperatures greater than 60 C as long as the input and output are
maintained at a normal ambient operating temperature. These components include but are
not limited to linear requlators, switching transistors, pass transistors, and current sense
resistors which can be identified using the BeagleBone schematic located at the link in the
BeagleBone System Reference Manual. When placing measurement probes near these
devices during normal operation, please be aware that these devices may be very warm to
the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable in
electronic_measurement_and diagnostics normally found in_development environments
should use the BeagleBone.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify
and hold the Suppliers, its licensors and their representatives harmless from and against
any and all claims, damages, losses, expenses, costs and liabilities (collectively,
"Claims") arising out of or in connection with any use of the BeagleBone that is not in
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accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the BeagleBone
fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible
use in safety critical applications (such as life support) where a failure of the Su p p | praducd s
would reasonably be expected to cause severe personal injury or death, such as devices which are
classified as FDA Class |ll or similar classification, then you must specifically notify Suppliers of
such intent and enter into a separate Assurance and Indemnity Agreement.

Mailing Address:

BeagleBoard.org

1380 Presidential Dr. #100
Richardson, TX 75081
U.S.A.

WARRANTYThe BeagleBonBlack Asembly as purchasedwvarranted agai defects in
materials and workmanship for a period of 90 days from purchase. This warranty does not ¢
any problems occurring as a result of improper use, modifications, exposure to water, exce
voltages, abuse, or accidents. All boardsetiltrsel via standard mail if an issue is found. If

no issue is found or express return is needed, the customer will pay all shipping costs

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

For up tdate SW imagand technical information refer to
http://circuitco.com/support/index.php?titlte=BeagleBoneBlack

All support for this board is provided via community support at
www.beagleboard.org/discuss

To return a defective board for repair, please request an RMA at
http://beagleboard.org/support/rma

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

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

This documents the System Reference Manualfor the BeagleBon&lack and covers
its use and degn. The board will primarily be referred to in the remainder of this
documentsimply asthe board although it mg also be referred to as the BeagleBone
Black as a remindeiThere are also references to the original BeagleBone asamell
will be referenced asimply BeagleBone

This design is subject to change without notice as we will work to keep improving the
design as the product matureased on feedback and experier@eftware updates will

be frequent and will be independent of the hardware revisiodsas such not result in a
change in the revision number.

Make sure you check tleipportWiki frequently br the most up to date information.

http://circuitco.com/support/index.php?title=BeaqgleBoneBlack

2.0 Change History

This section describes the change history of this documentcand. document changes
are not always a result of a board chanfjeboard change will always result in a
document change.
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2.1 DocumentChange History

Table 1. Change History

-

Preliminary January 4, 2013
A5 Production release January 8.2013 GC
1. Added information on Power button and the battery acce
A5.1 points. April 12013 GC
Final production released version.
Edited version.

Added numerous pictures of the Rev A5A board. April 23 2013 GC
Updated serial number locatign
Corrected the feature table for 4 UARTS April 30, 2013 GC
Corrected eMMC pin table to match other tables in the
manual.

Corrected revision listed in section 2. Rev A5A is the initi
production release.

Added all the locations of the seriaimbers

Made additions to the compatibility list.

Corrected Table 7 for LED GPIO pins. May 12, 2013 GC
Fixed several typos.

Added some additional information about LDOs and Stef
Down converters.

Added short section on HDMI.

Release of the BB version.

The LEDS were dimmed by changing the resistors. May 20, 2013 GC
The serial termination mode was incorporated into the P(
Added information on Rev A5C

Added PRU/ICSS options to tables for P8 and P9.
Added section on USB Host June 8, 2013
Correctmodes on Table 15.
Fixed a few typos

Updated assembly revision t®GA
PCB change to add buffer to the reset line and ground th August 9, 2013
A5.7 oscillator GND pin.

Added resistor on PCB for connection of OSC_GND to
board GND.

Added Rev A6 changes. October 11, 2013 | GC
Added Rev A6A changes December 17, 2013 | GC
Changed the processor to the AM3358BZCZ January 20, 2013 | GC
Changed the eMMC from 2GB to 4GB. March 21,2014 GC
Added additional supplier to DDR2 and eMMC.
Added note to recommermmbwering off the board withthe March 22.2014 GC
power button.

A5.2

A5.3

W EINEIN

=

A5.4

oakwnN

A5.5

A5.6 e
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GC
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2.2 Board Changes

221 RevC
1 Changed the eMMC from 2GB to 4GB.

2GB devices are getting harder to get as they are being phased out. This required us to
move to 4GB. We now have two sources for the device. This will however, require an
increase in ta price of theboard.

222 RevB
1 Changed the processor to the AM33Z8210Q
2.2.3 Rev AGA

1 Added connection from 32KHz OSC_GND to system ground and changed C106
to 1uF.

1 Changes C25 to 2.2uF. This resolved an issue we were seeing in a few boards
where the board @uld not boot in 1 in 20 tries.

1 Change required PCB revision to B6.

224 Rev A6

1 In random instances there could be a glitch in the SYS_RESETNn signal from the
processor where the SYS RESETn signal was taken high for a momentary
amount of time before it was gposed to. To prevent this, the signal was ORed
with the PORZn (Power On reset).

1 Noise issues were observed in other design where the clock oscillator was getting
hit due to a suspected issue in ground bounce. A zero ohm resistor was added to
connect the SC_GND to the system ground.

There are no new features added as a result of these changes.

2.2.5 Rev ASC

We were seeing some fallout in production test where we were seeing some jitter on the
HDMI display test. It started showing up on out second produationR46, R47, R48

were changed to 0 ohm from 33 ohm. R45 was taken from 330 ohm to 22 ohm.

We do not know of any boards that were shipped with this issue as this issue was caught
in production test. No impact on features or functionality resulted fretitiange.
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2.2.6 Rev ASB

There is no operational difference between the Rev A5A and the Rev A5B. There were
two changes made to the A5B version.

1 Due to complaints about the brightness of the LEDsikggeople awake at
night, the LEDs were dimme&esistoravere changed from 820 ohms to 4.75K
ohms.

1 The PCB revision was updated to incorporate the hand mod that was being done
on the board during manufacturing. The resistor was incorporated into the next
revision of the PCB.

The highest supported resolutionrisw listed as 1920x1080@24Hz. This was not a
result of anyhardwarechangesbut anly updatedsoftware The AS5A version also
supports this resolution.

2.2.7 Rev ASA

This is the mitial production release of the boawle will be tracking changes fmothis
point forward.
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3.0 Connecting Up Your BeagleBone Black

This section provides instructions on how to hook up your bdavd.scenarios will be
discussed

1) Tetheredo a PC and
2) As a standalone development platform in a desktop PC configuration.

31 Whatos I n the Box
In the box you will findthreemain items as shown Figure 1.

1 BeagleBone Black
1 miniUSB to USB Type A Cable
1 Instruction cardwith link to the support WIKI address.

This is sufficient for theéetheredscenaricand creates an out of box experience whbe
board can be used immediately with no other equipment needed.

Figure 1.  In The Box

ﬁ beagle Pagel7 of 126 &=beaglebone




REF: BBONEBLK_SRM BeagleBone Black System Rev C1
Reference Manual

3.2 Main Connection Scenarios

This section will describe how to connect the board for use. This section is basically a
slightly more detailed description of the Quick Startd&uthat came in the boXhere is

also a Quick Start Guide document on the board that should alssfdoeed to The

intent here is that someone looking t purchase the board will be able to read this section
and get a good idea as to what the initialugewill be like.

The board can be configuréd several different waydut we will discuss the two most
common scenarios as described in the Quick Start @Gaidkthat comes in the box

1 Tethered to a PC vihe USB cable
0 Board is accessed as a stordgee
o0 Or a RNDIS Ethernet connection.
1 Standalone esktop
o Display
o Keyboard and mouse
o External 5V power supply

Each of theseonfigurationds discussed igeneral terms ithe following sections

For an up-to-datelist of confirmed working accessorielepse go to
http://circuitco.com/support/index.php?tittie=BeagleBone Black Accessories

3.3 Tethered To A PC

In this configuration, the board is powered by the PC hé&ptovidedUSB cable-no

other cables are required. The board is accessed either as stdd&fedrive or via the
browser on the PC. You need to use either Firefox or Chrome on the PC, IEx will not
work properly.Figure 2 shows this configuration.

Provided USB Cable

Figure 2.  Tethered Configuration
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All the power for the boards provided by the P@ia the USB cable. In some instances,
the PC may not be able to supply sufficient power for the board. In that case, an external
5VDC power supply can be usdalit this should ratg be necessary

3.3.1 Connect theCableto the Board

1. Connect the small connector on the USB cable to the board as shBignre 4.
The connector is on the bottom side of the board.

mMeerPR2AASAS cac22n0 000
288 a B T L )

I 6d

Figure 3. USB Connect ion to the Board

2. Connect the large connectairthe USB cabléo your PCor laptopUSB port

3. The board will power on and tipwwerLED will be on as shown iRigure 4
below.

POWER LED

'1513BBBK 0001

4 SR+ 4

10/100 Ethernet
[Tl AL

w i -

Figure 4. Board Power LED
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4. When the board starts the booting process started by the process of applying
power,the LEDs will come on in sequenas fiown inFigure 5 below. It will
takea fewseconddor the status LEDs to come n be patientThe LEDs will
be flashing in an erratic manner abegins tdbootthe Linux kernel

POWER LED

1513BBBK 0001

10/100 Ethernet
< [l ALy
i iz g

-

-
-
-
-

2

Figure 5. Board Boot Status

3.3.2 Accessing the Boardchs a Storage Drive

The boardwill appeararounda USB Storage drive on your P&iter the kernel has
booted which will take a round 10 second$ie kernel on the board needs to boot before
the port gets enumerated. Ortlse boardappears as a storage drive, do the following:

1) Open heUSB Drive folder.

2) Click onthe file namedstart.html

3) The file will be opened byourbrowser on the PC and you should get a display
showing the Quick Start Guide

4) Your board is now operationdfollow the instructions on your PC screen.
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3.4  Standalone wDisplay and Keyboard/Mouse

In this configuration, the board worksorelike a PC, totally free from any connection to
a PCas shown inFigure 6. It allows you to create your code to make the board do
whatever you need it to ddt will however require cgain common PC accessories.
These accessories and instructionsdaseribedn the following section.

Figure 6. Desktop Configuration

Optionally an Ethernet cable can also bsedfor network access.

3.4.1 Required Accessories

In order to use the board in thisnéguration, you will need the following accessories:

(1) 5VDC1A power supply

(1) HDMI monitor or a DVID monitor. NOTE: Only HDMI will give you audio
capability).

1 (1) Micro HDMI to HDMI cableor a Micro HDMI to DVID adapter.

1 (1) USB wireless keyboam@hd mouse combo.

1 (1) USB HUB (OPTIONAL). The boardasonly one USBhostport, so you may
need to use a USB Hub if your keyboard and mouse requires two ports.
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For an up-to-date list of confirmed working accessories please go to
http://circuitco.com/support/index.php?title=BeagleBone_Black_Accessories

3.4.2 Connecting Upthe Board

1. Connect thebig end of theHDMI cableas shown inFigure 7 to your HDMI
monitor. Refertoy our moni tor Owner 6s Manual for
port. If you have a DD Monitor go toStep 3 otherwise proceed ®tep 4.

Figure 7.  Connect microHDMI Cable to the Monitor

2. If you have a DVID monitor you must use a DVD to HDMI adapter in addition
to your HDMI cable. An example isshown in Figure 8 below from two
perspectivedf you usethis configurationyou will not have audio support.

To microHDMI
Cable

To the Monitor /

Figure 8. DVI-D to HDMI Adapter

3. If you have a single wireless keyboard and mouse combinsticim asseenin
Figure9 below, you need to plug the receiver in the USB host port of the bsard
shown inFigure 10.
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&

Figure 9. Wireless Keyboard and Mouse Combo

Receiver =

Figure 10. Connect Keyboard and Mouse Receiver to the Board

If you have a wired USB keyboard requiring two USB ports, you mékd a HUB
similar tothe ones shown ifigure 11. You may want to have more than one port for
other devices. Note that the board can only supply up tmBQ8o if you plan to load it
down, it will need to be externally powered.

Figure 11. Keyboard and Mouse Hubs

4. Connect the Ethernet Cable

If you decide you want to connect to your local area network, an Ethernet cable can be
used. Connect the Ethernet Cable to the Ethernet port as shokigure 12. Any

standard 100M Ethernet cable should work.
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Ethernet Cable
& /Connecﬁon

Figure 12. Ethernet Cable Connection

3.4.3 Apply Power

The final step is to plug in the DC power supply to the DC powergadtiown in
Figure 13 below.

Figure 13. External DC Power

5. The cable needed to connect to yoispthy is a microHDMI to HDMI. Connect
the microHDMI connector end to the board at this time. The connector is on the
bottom side of the board as showrFigure 14 below.
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microHDMI to HDMI Cable /
<

Figure 14. Connect microHDMI Cable to the Board

The connector is fairly robust, but we seggthat you not use the cable as a leash for
your Beagle. Take proper care not to put too much stress on the connector or cable.

6. Booting the Board

As soon as the power is applied to the board, it will start the booting up process.
When the board starte boot the LEDs will come on in sequence as showkigare

15 below. It will take a few seconds for the status LEDs to come on, so be patient.
The LEDs will be flashing in an erratic manner as it boots the Linux kernel.

POWER LED

1513BBBK 0001

10/100 Ethernet

< [Tl Ay
v W s :

) =

bt 1 v R -!E b

S CS:,E:. L=t
(N ] :

Figure 15. Board Boot Status

While the bur user LEDS can be over written and used as desired, they do have specific
meanings in the image that is shipped with the board once the Linux kernel has booted.
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4.

€ Applications  Places

USERQOis the heartbeat indicator from the Linux kernel.

USER1turns on when themicroSDcard is being accessed

USERZ2is an activity indicator. It turns on when the kernel is not in the idle loop.
USER3turns on when the onboard eMMC is being accessed.

A Booted System

The boardwill have a mous@ointerappear on the screen as it enters timent

boot step. You may have to move thigysicalmouse to get the mougeinterto
appear. The system can come up in the suspend mode with the HDMI port in a
sleep mode.

After a minute or two a login screen will appear. You do not have to do anything
at this point.

After a minute or two the desktop will appear. It should be similar to the one
shown inFigure 16. HOWEVER, it will change frm one release to the next, so
do not expect your system to look exactly like the one in the figuret it be
verysimilar.

And at ths point you are ready to géligure 16 shows the desktop after booting.

system () €9 satjan 1, 111AM f

BEAGLEBONE

=

% beagle pagezsofize @D

Figure 16. Desktop Screen

Powering Down

Press the power button momentarily
The system will power den automatically.
Remove the power jack.
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4.0 BeagleBme Black Overview

The BeagleBoe Black is the latest addition to the BeagleBoard.org family and like its
predecessors, idesignedto address the Open Source Commuynégrly adopters, and
anyone inteested in a low cost ARM CorteX8 based processor.

It has been equipped with a minimum set of features to allow the user to experience the
power of theprocessoandis not intended aa full development platform as many of the
features and interfaces supplied by pinecessoare not accessibledm the BeagleBme

Black via onboard support of some interfackss not a complete product designed to do
any particular function. It is aotindation for experimentation and learnihgw to
program the processor and to access the peripherals by the creation of ycoftoxsre
andhardware

It also offers access to many of the interfaces and allows for the uselddn boards
called capes;ito add many different combinations of features. A user may also develop
their own board or add their own circuitry.

BeagleBone Black is manufactured and warranted by Circuitco LLC in Richardson Texas
for the benefit of the community and its supportémsaddition Circuitco provides the
RMA support for the BeagleBone Black.

Jason Kridner of Texas Instruments handles the community promotions and is th
spokesman for BeagleBoard.org.

The board is designed by Gerald Colay employee of Texas Instrumeatsd a charter
member of the BeagleBoard.org community.

The PCB layout was done by Circuitco and Circuitco is the sole funder of its
development and transition to production.

The Software is written and supported by t#m@usands of communitynembers
including Jason Kridneemployees of Texas InstrumerisgiKey, and Circuitco.
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4.1

BeagleBone Compatibility

The board is intended to be compatible with tleiginal BeagleBone as much as
possible. There arseveralareas where there are differences betwthe two designs.
Thesedifferencesare listed belowalong with the reasons for the differences.

il
il

Sitara AM338BZCZ100, 1GHZ, processor.
o Sorry, we just had to make it faster.
512MB DDR3L
o Cost reduction
o Performancéoost
o0 Memory size increase
o0 Lower power
No Serial port by default
o Cost reduction
o0 Can be added by buying a TTL to USB Catbiat is widely available
o Singlelargestcost reduction action taken
No JTAG emulation over USB.
o Cost reduction JTAG header is not populatdout can easily be mounted.
EEPROM Reduceftom 32KBto 4KB
o Cost Reduction
Onboard Managed NANeEMMC)
o 4GB
o Cost reduction
o Performance boost x8 vs. x4 bits
o Performance boost due to deterministic propertiemioSDcard
GPMC busmaynotbeaccessible from the expansion headieime cases
o Result of eMMC on the main board
o Signals arsstill routed to theexpansiorconnector
o If eMMC is not used, signals can be usedexpansiornf eMMC is held
in reset
Theremay belO less GPIO pins available
o0 Result of eMMC
o If eMMC is not used, aald still be used
The power expansion header, for battery and backlight, has been removed
o Cost reductionspace reduction
o Four pins were added to provide access to the battery charger function.
HDMI interfaceonboard
0 Feature addition
0 Audio and video capad
o0 Micro HDMI
No three function USB cable
o Costreduction
GPIO3_21 has 24.576 MHZ clock on it.
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o This is required by the HDMI Framer for Audio purposes. We needed to
run a clock into the processor to generate the correct clock frequency. The
pin on the proessor was already routed to the expansion header. In order
not to remove this feature on the expansion heédeas left connected.

In order to use the pin as a GPIO pin, you need to disable the clock. While
this disables audio to the HDMI, the fact tlgati want to use this pin for
something else, does the same thing.

ﬁ bqule Page29 of 126 &beag|ebme




REF: BBONEBLK_SRM BeagleBone Black System Rev C1
Reference Manual

4.2 BeagleBme Black Features andSpecification

This section covers the specificaticasd featuresf theboardandprovides a high level
description of the major components and interfélcasmake up thboard

Table 2provides a list of the features.

Table 2. BeagleBone Black Features

| Feature
SitaraAM3358BZCZ100
Processor 1GHz 2000 MIPS
Graphics Engine SGX530 3D, 20M Polygons/S
SDRAM Memory 512MB DDR3L 800MHZ
Onboard Flash 4GB, 8bitEmbedded MMC
PMIC TPS65217@MIC regulator and one additional LDO.
Debug Support \ OptionalOnboard20-pin CTI JTAG Serial Header
miniUSB USB or DC 5VDC ExternalVia Expansion
Power Source Jack Header
PCB | 340 240 6 layers

% 1-Power, 2Ethernet, 4User Controllable LEDs

HS USB 2.0 Client Port ‘ Access to B0, Client modevia miniuUSB

HS USB 2.0 Host Port Access to USB1Type A Socket, 500mAS/FS/HS

Serial Port ‘ UARTO access via 6 piB.3V TTL Header Header is populated

Ethernet 10/100,RJ45

SD/MMC Connector microSD, 3.3V

Reset Button
User Input Boot Button
Power Button

16b HDMI, 1280x1024 (MAX)

Video Out 1024x768,1280x720,1440x90D920x1080@24Hz
w/EDID Support
Audio Via HDMI Interface Stereo

Power5V, 3.3V ,VDD_ADC(1.8V)
3.3V I/O on all signals
MCcASPO, SPL, 12C, GPIG69 may, LCD, GPMC,MMC1, MMC2, 7
AIN (1.8V MAX), 4 Timers, 4 Serial Ports, CANO,
EHRPWM(0,2),XDMA Interrupt, Power button, Expansion Board IL
(Up to4 can be stacked)

1.4 0z 89.68 grars)

Refer to Section 6.1.7
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4.3

This section describes the key components on the board. It provides information on their

Board ComponentLocations

location and function. Familiarize yourself with the various components on the board.

4.3.1

Connectors, LEDs, and Switches

Figure 17 below show thelocationsof theconnectors, LEDs, and switches the PCB
layoutof theboard

= =

= =4 =4 -4

= =4 =4 -8 -

5VDC
Battery "

Connections /Ethe met
? 5
[\ W °

Debug Serial

Figure 17. Connectors, LEDs and Switches

DC Poweris the main DC input that accepts 5V power.

Power Button alerts the processtw initiate the power down sequenaed is
used to power down tHeard

10/100 Ethernetis the connection to the LAN.

Serial Debugis the serial debug port.

USB Clientis a miniUSB connection to a PC that can also power the board.
BOOT switch can be used to force a boot from thieroSDcardif the power is
cycled on the board, removing power and reapplying the power to the.board.
There are four bluEED S that can be used by the user.

Reset Buttonallows the user to reset the processor.

microSD slot is where anicroSDcard can be installed.

microHDM | connector is where the display is connedted

USB Hostcan be connected different USB interfaces such abiVT,
Keyboard, etc.
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4.3.2 Key Components

Figure 18 below shows the locations of the key components on the PCB layout of the
board.

TPS65217C

AM3358BZCZ100
Processor

DDR3
Ethernet PHY

HDMI Framer

Figure 18. Key Compo nents

Sitara AM3358BZCZ100 is the processdor the board

Micron 512MB DDR3L or Kingston 512mB DDR3is theDual Data Rate
RAM memory.

1 TPS65217CPMIC provides the power rato the various components on the
board.

SMSC Ethernet PHY is the physical intéace to the network.

Micron eMMC is an onboard MMC chip that holdp to4GB of data.

HDMI Framer provides control for an HDMI or DAD) displaywith an adapter

= =4

= =4 =
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5.0 BeagleBoneBlack High Level Specification

This section providethe high level specificationof the BeagleBon8lack.
5.1 Block Diagram

Figure 19 below is the high level block diagramf the BeagleBone Black

EXPANSION

USBHOST

USBClient

‘WWER Sitara MMCO.

TPS65217C
AM3358BZCZ
ITAG JTAG
UARTO (NoPOP)

usb

Ethernet pHay RJ45
LCD

MCcASP

EXPANSION

Figure 19. BeagleBone Black Key Components

52 Processor

The revision B board hamoved to theSitaraAM3358BZCZ100device
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5.3 Memory
Described irthe following sections are the three memory devices found drotrel
5.3.1 512MB DDR3L

A single256Mb x16 DDR3L 4Gb (512MB) memory devicas used.The memory useis
is one of two devices:

- MT41K256M16HA-125from Micron
- D2516EC4BXGGHrom Kingston

It will operate at a clock frequency 400MHz yielding aneffective rateof 800MHZ on
the DDR3L busallowing for 1.6GB/S of DDR3L memorybandwidth.

5.3.2 4KB EEPROM

A single 4KB EEPROM is provided on [2CO0 thdwolds the board informatiorThis
information incudes board name, serial number, and revision informatibis.is the
not thesame aghe one usedn theoriginal BeagleBme. The device was changed for
cost reduction reason#. hasa test point to allow the devicdo be programmea@nd
otherwise to proide write protectiorwhen not grounded

5.3.3 4GB Embedded MMC

A single4GB embedded MMGeMMC) deviceis on the board. The device conretd

the MMCL1 port of the processor, allowing for 8bit wide access. Default boot nade

the boardwill be MMC1 with an gtion to change it to MMCOthe SD card slotfor
booting from the SD card as a result of removing and reapplying the power to the board
Simply pressing the reset button will not change the boot ndkiKCO cannot baused in

8Bit mode because the lower dgiins are located on the pins used by the Ethernet port.
This does not interfere with SD card operation but it does make it unsuitable for mse as a
eMMC port if the 8 bit feature is needed.

5.3.4 MicroSD Connector

The board is equipped with a single microS@nnector to act as theecondaryboot
source for the boar@nd if selected as sughcan be the primary boot sourcEhe
connector will support larger capacityicroSD cardsThe microSD card isnot provided
with the board Booting fran MMCO will be usedo flash the eMMC in the production
environmenbr can be usetly the user to update the SW as needed

5.3.5 Boot Modes

As mentioned earliethere ardour boot modes
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T e MMC B orbid i®the default boot mode and will allow for the fastest boot
time and willenable the board to boot out of the hasing the prdlashed OS
imagewithout having to purchase amcroSD cardor anmicroSD card writer

1 S D B oThis rdode will boot fron themicroSD slot. This mode can be used to
override what is on the eMMC devicedasan be used to program the eMMC
when used in the manufacturing proces$or field updates

T Ser i al ThB mmode &ill use theserial port to allow downloading of the
software directA separatéJSB toserial cable is required to use this port.

1 USB Bodé This mode supports bting over the USB port.

Software to support USB and serial boot modes is not provided by beagleboard.org.
Please contact Tl for support of this feature.

A switchis provided to allow switching between the modes.

x Holding theboot switch down duringa removal and reapplication of power
without a microSD cardinsertedwill force the bat source to be the USB port
and if nothing is detected on the USkent port, it will go to the serial port
for download.

x  Without holding theswitch the board will bootry to boot from theeMMC. If
it is empty, then it will try booting from thenicroSD slot followed by the
serial port, and then the USB port

x If you hold the boot switch down durirtihe removal and reapplication of
power to the boardand you have anicroSD card inserted with a bootable
image, the board will bootdm the microSD card.

NOTE: Pressing the RESET button on the board will NOT result in a change of the
boot mode. You MUST remove power and reapply power to change the bowiode.

The boot pins are sampled during power on reset from the PMIC to the processor.
The reset button on the board is a warm reset only and will not force a boot mode

change.

5.4 Power Management

The TPS63217C power management device is usadng with a separate LDO to
provide power to the systefihe TPS62217C version provides for the proper voltages
required fothe DDR3L. This is the same device as used onotfiginal BeagleBone with
the exception of the power rail configuratieettings which willbe changed in the
internal EEPROMo theTPS6521T to support the ne voltages

DDR3L requires 1.5V instead of 1.8V on the DDRZ2 is the case on the original
BeagleBoneThe 1.8V regulatosettinghas been changed to 1.5V for the DDR¥he
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LDO3 3.3V ral has been changed to 1.8V to support those rails on the processor. LDO4
is still 3.3V for the 3.3V rails on the processor. An extetridOTLV70233 provides the
3.3V rail for the rest of the board.

55 PC USBInterface

The boarchas aminiUSB connector thatonnectdhe USBO port to the processdhis is
the same connector as used onahginal BeagleBone.

5.6  Serial Debug Port

Serial debug is provided via UARTO on the processara singlelx6 pin header. In
order to use the interface a USB to TTL adapiéi be required. The header is
compatible with the one provided by FTBhd can be purchased for abouf $4 $20
from various sourcesSignals supportedre TX and RX.None of the handshake signals
are supported.

5.7 USB1Host Port

On the boards a singe USB Type Afemaleconnectomwith full LS/FS/HSHostsupport
that connects to USB1 on the proces3dre port can providgoower on/off control and
up to 500mA of current at 5\Under USB power, the board will not be able to supply the
full 500mA, but shold be sufficient to supply enough current for a lower power USB
devicesupplying power between 50 to 100mA

You can use a wireless keyboard/mouse configuration or you can add a HUB for standard
keyboard and mouse interfacing.

5.8 Power Sources
The board cabe powered fronfiour different sources

T A USB portonaPC

1 A 5VDC 1A power supplyplugged into théC connector
1 A power supply with a USB connector.

1 Expansion connectors

The USB cable is shipped witachboard.This port is limited to 500mA by the Rer
Management ICIt is possible to change the settings in TR565217Cto increase this
current, but only after the initial boot. And, at that point the PC most likely will complain,
but you can also use a dual connector USB cable to the PC to get to 1A

The power supply is not provided with thmard but can be easily obtained from
numerous source#® 1A supply is sufficient to power the board, but if there is a cape
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plugged intothe boardor you have a power hungry device or hub plugged into the host
port, then more curremhayneededrom the DC supply

Power routed to the board via the expansion headeld be provided from power
derived on a capd.he DC supply should be well regulated and 5\V2&V.

5.9 Reset Button

When pressed and released, semua reset of thieoard The reset button used on the
BeagleBoneBlack is a little larger than the one used on thréginal BeagleBonelt has
also been moved out to the edge of the board so that it is more accessible.

5.10 Power Button

A power button is mvided near the reset buttaiose to the Ethernetonnector This
button takes advantage of the input to the PMIC for power down features. While a lot of
capes have a button, it was decided to add this feature to the baarsuteeveryone

had access teome new features. These features include:

1 Interrupt is sent to the processor to facilitate an dyddgrutdown to save files and

to unrmount drives

Provides ability to let processor put board into a sleep mode to save power.

Can alert processor to wakp from sleep mode and restore state before sleep was
entered.

)l
T

If you hold the button dowlongerthan 8 seconds, the board will power off if you release
the button when the power LED turni$. df you continue to hold it, the board will power
back upcompleting a power cycle.

Werecommendthat you use this method to power down theard It will also help
preventcontaminationof the SD card or the eMMC.

If you do not remove the power jack, yoanpressthe buttoragain and the board will
power up.

5.11 Indicators
Therearea total offive blueLEDs on theboard
1 One blue power LED indicates that power is appli@hd the power
management IC is ugf this LED flaskes when applying power, it means

that an excess current flow was detected and the PMIC hadosiit
1 Four blueLEDs thatcan be controlled via the SWY setting GPIO ins.
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In addition, thee are two LEDs on the RJ45 to provide Ethernet status indic&tiaanis
yellow (100M Link up if on)and the other is gredindicating traffic when flashing)

5.12 CTI JTAG Header

A place for aroptional 20pin CTI JTAG headers provided on thdoardto facilitate the
SW develoment and debugging of the board by usingowss JTAG emulatorsThis
header is nosupplied standard on the boaifib use this, a connector will need to be
soldered onto the board.

If you need the JTAG connector you can solder it on yourself. No other components are
needed. The connector is maae Samtec and the part numbeFBR-110-03-G-D-06.
You can purchase it fromww.digikey.com

5.13 HDMI Interface

A single HDMI interface is connected to the Bi6 LCD interface on the processdie

16b interface wagsed to preserve asany expansion pins gmssibleto allow for use by

the userThe NXPTDA19988BHNIs used to convert the LCD interface to HDMI and
convert the audio as wellhe signals are still connected to the expansion headers to
enable the use diCD expansion boards or access to other functions on the board as
needed.

The HDMI device does not support HDCP copy protectiSapport is provided via
EDID to allow the SW to identify the compatible resolutions. Currently the following
resolutions areupported via the software:

1280 x 1024
1440 x 900
1024 x 768
1280 x 720

= =4 =4 =4

5.14 CapeBoard Support

The BeagleBond&lack has the ability to accept up tour expansiorboardsor capes that
can bestacked onto the expansion head&rse wordcapecomesfrom the shape of the
board as it is fitted around the Ethernet connector on the main Gdesdcotch acts as a
key toensureproper orientation of theape

The majority ofcapes designed for tlugiginal BeagleBone will work on the BeagleBone
Black The two nain expansion headers will be populated on the board. There are a few
exceptions where certain capabilitreaynot be presendr are limited to the BeagleBone
Black These include:

ﬁ beagle Pageas of 126 & -beaglebone



http://www.digikey.com/

REF: BBONEBLK_SRM BeagleBone Black System Rev C1
Reference Manual

1 GPMC busmayNOT be available due to the use of those signals by the eMMC
If the eMMC is used for booting only and the file system is omtloeoSD card,
then these signals could be used.

Another option is to use thmicroSD or serialboot mode and notusethe eMMC.

The power expansion header is not on the BeagleBdések so those functions
are not supported.

= =4

For more information ooape suppontefer toSection 9.0
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6.0 Detailed Hardware Design

This section provides a detailed description of the Hardware designcdim be useful
for interfacing, writing drivers, or using it to help modify specifics of your own design.

Figure 20 below is the high level block diagram of theard For those who may be
concernedFigure 20is the same figure dsigure 19 back on pge 31 It is placed here
again for convenience so it is closer to the topics to follow.

EXPANSION

USBHOST

USB Client

Sitara .

POWER MMCO usb

AM3358BZCZ

TPS65217C

JTAG
UARTO (NoPOP)

RJ45

EXPANSION

Figure 20. BeagleBone Black Block Diagram
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6.1 Power Section

Figure 21is thehigh levelblock diagram of the power sectiohthe board

—
DC IN RTC PORZ

SYS_RESET
TPS65217C —AleruRt,

2C0

PWR EN

v

Power Rgils
PWR_BUT

\ 4

LDO
3V3

Figure 21. High Level Power Block Diagram

This section describes the power section of the design and all the functions performed by the
TPS65217C

6.1.1 TPS65217C PMIC

The main Power Management IC (PMIC) in the system isT#865217Cwhich is a
single chip power manageent IC consisting of a linear dui@put power path, three
stepdown convertersand four LDOs LDO stands for Low Drop Out. If you want to
know more about an LDO, you can go tottp://en.wkipedia.org/wiki/Low
dropout_regulatorlf you want to learn more about stdpwn converters, you can go to
http://en.wikipedia.org/wiki/D&o-DC_converter

The system is supplied by a USBrt or DC adapter. Three higlfficiency 2.25MHz
stepdown converters are targeted at providing the core voltage, MPU, and memory
voltage for the board.

The stepdown converters enter a low power mode at light load for maximum efficiency
across the wids possible range of load currents. Forogise applications the devices
can be forced into fixed frequency PWM using th€ interface. The stegown
converters allow the use of small inductors and capacitors to achieve atiint
solution size.
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LDO1 and LDOZ2are intended to support systestandby modeln normal operation
they can support up to 100mA each. LDO3 and LDO4 can support up to 285mA each.

By default only LDO1 is always ON but any rail can be configured to remain up in
SLEEP stateln particularthe DCDC converters can remain up in a Hoswer PFM
mode to support processarspend mode. ThEPS65217Coffers flexible powetup and
powerdown sequencing and several holeeping functions such as powgrod output,
pushbutton monitorhardware reset function and temperature sensor to protect the
battery.

For more information on thEPS65217C refer tohttp://www.ti.com/product/tps65217C
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Figure 22is the high level block diagrant the TPS65217C
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Figure 22. TPS65217C Block Diagram
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6.1.2 DC Input

Figure 23 belowshows how the DC input is connected to TiRS65217C

VDD_5V
T U2
P1 0 .
— | EE I AC sysi|g
12 SYs2
USB_DC|-% usB
——c2
2 10uF, 10V c1
10uF, 10V
PJ-200A ~ )
DGNDDGND VIN_DCDC1
22
VIN_DCDC2
32
VIN_DCDC3
39
LDO3_IN
42
LDO4_IN
2
VINLDO
TPS65217C
VDD_3V3A
U4
N out
T o —
c17 5 EN ADJ [g—H
o 7 GND1 GND3 [Fg——
2.2UF,6.3V GND2 GND4 [——
TL5209

DGND DGND

Figure 23. TPS65217 DC Connection

A 5VDC supply can be used to provide power to the board. The power supply current
depends on how many é@nvhat type of ad@n boards are connected to the board. For
typical use, a 5VDC supply rated at 1A should be sufficient. If heavier use of the
expansion headers or USB host port is expected, then a higher current supply will be
required.

The connector &l is a 2.1MM center positive x 5.5mm outer barrel. The 5VDC rail is
connected to the expansion header. It is possible to power the board via the expansion
headers from an aelsh card. The 5VDC is also available for use by the-@udards

when the powersi supplied by the 5VDC jack on the board.
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6.1.3 USB Power

The board can also be powered from the USB port. A typical USB port is limited to
500mA max. When powering from the USB port, the VDD_5V rail is not provided to
the expansion header® capes thatrequire tle 5V rail to supply the cape direct,
bypassing th@'PS65217C will not have that rail available for use. The 5VDC supply
from the USB port is provided on the SYS_,3ke one that comes from thi€S65217C

rail of the expansion header for useagape. Figure 24 is theconnectionof the USB
power inputon the PMIC

u2

12

usB
TPS65217C
c1
10UF,10V

DGND

o ©
< n
5 o 0
7| GL[ ]
%7 1D
D+
D-
VBG o
o 0
_fc3e DGND 4l o mini USB-B
.1uf,6.3V
DGND /77

Figure 24. USB Power Connections

6.1.4 Power Selection

The selection of either the 5VDC or the USB as the power source is handled internally to
the TPS65217Cand automatically switches to 5VDCwer if both are connected. SW

can change the power configuration via the 12C interface from the processor. In addition,
the SW can read thePS65217Cand determine if the board is running on the 5VDC
input or the USB input. This can be beneficial to knbw tapability of the board to
supply current for things like operating frequency and expansion cards.

It is possible to power the board from the USB input and then connect the DC power
supply. The board will switch over automatically to the DC input.
6.1.5 Power Button

A power button is connected to the input of TiRS65217C This is a momentary switch,
the same type of switch used for reset and boot selection on the board.

If you push the button thEPS65217Cwill send an interrupt to the processorsiup to
the processoto thenpull the PMIC_POWER_EN pin low at the correct time to power
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down the board. At this point, the PMIC is still active, assuming that the power input was
not removed. Pressing the power button will cause the board to power inpfapa
processor puts the board in the power off mode.

In power off modethe RTC rail is still active, keeping the RTC powered and runnihg of
the main power inputf you remove that power, then the RTC will not be powered. You
also have the optiorf asing the battery holes on the board to connect a battery if desired
as discussenh the nextsection.

If you push and hold the button for greater than 8 seconds, the PMIC will power down
But you mustrelease the button when the power LED turns offidihg the button past
that point will cause the board to power cycle.

6.1.6 Battery Access Pads
Four pads are provided on the board to allow access to the battery pins on the
TPS65217C The pads can be loaded with a 4x4 headgoarmayjust wire a battery

into the pads.In additionthey couldprovideaccess via a cape if desired. The four signals
are listed belovin Table 3.

Table 3. BeagleBone Black Battery Pins

PIN  DESIGNATION | FUNCTION |
BAT TP5 Battery connection point.
SENSE TP6 Battery voltage sense input, ¢ttt to BAT directly at the
battery terminal.
TS TP7 Temperature sense input. Connect to NTC thermistor to s
battery temperature.
GND TP8 System ground.

There is no fuel gauge function provilby the TPS66217C That would need to be
addedif that function was requiredlIf you want to add a fuel gauge, and option is to use
1-wire SPI1or 12C device. You will need to add this using the expansion headers and
place it on an expansion board

NOTE: Refer to the TPS65217C documentatio
before connecting anything to these pins.
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6.1.7 Power Consumption

The power consumption of the boarales based on power scenarios and the board boot
processedMeasurements were taken with the board in the following configuration:

DC powered and USB powered
HDMI monitor connected

USB HUB

4GB Thumbdrive

Ethernet connected @ 100M
Serial debug cable concted

E R I

Table 4 is an analysis of the power consumption of the board in these various scenarios.

Table 4. BeagleBone Black Power Consumption(mA@5V)

MODE USB DC DC+USB

Reset TBD TBD TBD

Idling @ UBoot 210 210 210
Kernel Booting (Peak) 460 460 460
Kernel Idling 350 350 350
Kernel Idling Display Blank 280 280 280
Loading a Webpage 430 430 430

The current will fluctuate as various activates occur, such as the LEDs on and
microSD/eMMC accesses.

6.1.8 Processorinterfaces

The processor interacts with ti@S65217Cvia several different signals. Each of these
signalsis described below.

6.1.8.1 12C0O

I2CO0 is the control interface between the processor andB$65217C It allows the
processor to control the registers inside TeS65217Cfor such things as voltage
scaling ad switching of the input rails.

6.1.82 PMC_POWR_EN

On power up the/DD_RTC rail activates first. After the RTC circuitry in the processor
has activated it instructs tlEPS65217Cto initiate a full power up cycle by activating
the PMIC_POWR_EN signal by takingt HI. When powering down, the processor can
take this pin low to start the power down process.
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6.1.8.3 LDO_GOOD

This signal connects to tHRTC_PORZn signal, RTC power on resefThe smallfino
indicates that the signal is an active low signal. Word processamsteebe unable to put
a bar over a word so threis commonly used in electronicAs the RTC circuitry comes
up first, this signal indicasthat the LDOs, the 1.8V VRTC rall, is up and stable. This
starts the power up process.

6.1.8.4 PMIC_PGOOD

Once all theails are up, th@MIC_PGOOD signal goes high. This releatbe PORZn
signal on the processor which was holding the processor reset.

6.1.8.5 WAKEUP

The WAKEUP signal from th@PS65217Cis connected to thEXT_WAKEUP signal
on the processor. This is used to wakethe processor wheni# in a sleep modeNhen
an eventis detected byhe TPS65217C such as the power button being pressed
generates this signal

6.1.8.6 PMIC_INT
The PMIC_INT signalis an interrupt signal to the procesderessingthe power button
will send an interrupt to the processor allowing it to implement a pdowen mode in an

orderly fashion, go into sleep mode, causeit to wake upfrom a sleep modeAll of
these require SW support.
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6.1.9 Power Rails

Figure 25 shows the connections of eachtlod railsfrom the TPS65217C
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Figure 25. Power Rails

6.1.9.1 VRTC Rail
TheVRTC rail is a 1.8V rail that is the first rail to come up in the power sequencing. It
provides power to the RTC domain on the processor and the I/O rail oP®@5217C
It can deliver up to 20mA maximum.

6.1.9.2 VDD_3V3A Rail

TheVDD_3V3A rail is supplied by th& PS65217Cand provides the 3.3V for the
processor rails and can provide up to 400mA.
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6.1.9.3 VDD_3V3B Raill

The current supplied by théDD_3V3A rail is not sufficient to power all of the 3.3V
rails on the board. So a second LDO is supplied, UFL2209A, which sources the
VDD_3V3Brail. It is powered up just after theDD_3V3A rail.

6.1.9.4 VDD_1V8 Raill

The VDD_1V8 rail can deliver up to 400mA and provides the power required for the
1.8V rails on theprocessorand the HDMI framer This rail is not accessible for use
anywhere else on the board.

6.1.9.5 VDD_CORE Rail

The VDD_CORE rail can deliver up to 1.2A at 1.1V. This rail is not accessible for use
anywhere else on the board and connentg to the procesor. This rail is fixed at 1.1V
andshould not be adjusted by SW using the PMIC. If you do, then the processor will no
longerwork.

6.1.9.6 VDD_MPU Rail
TheVDD_MPU rail can deliver up to 1.2A. This rail is not accessible for use anywhere
else on the board amdnnectonly to the processor. This rail defaultsitdV and can be
scaled up to allow for higher frequency operation. Changing of the voltage is set via the
I2C interface from the processor.

6.1.9.7 VDDS_DDR Rail
TheVDDS_DDR rail defaults tol.5V to suppot the DDR3. rails and can deliver up to

1.2A. It is possible to adjust this voltage rail dowrlt85V for lower power operation of
the DDR3L device. Only DDR3L devices can support this voltage settih@5V.
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6.1.9.8 Power Sequencing

The power up process consists ofseveral stages and eventsigure 26 describeghe
events that make up the power up process foptbeessefrom the PMIC This diagram

is used elsewhere to convey additional information. | saw no need to bust it up into
smaller diagramdt is from the processor datheet supplied by Texas Instruments.
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Figure 26. Power Rail Power Up Sequencing

Figure 27 the voltage rail sequencing for th€PS65217Cas it powers up and the
voltages on each railhe power sequencing starts at 15 and then gomsetoThat is the
way theTPS65217Cis configured.You can refer to the TPS65217C datasheet for more
information.
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TPS65217C
(Targeted at AM335x - ZCZ)

SEQUENCE
(STROBE)

15 1
1.1 5
1.1 5
18 15
33
1.8 (LDO, 400 mA)
3.3 (LDO, 400 mA) 4

VOLTAGE (V)

Figure 27. TPS65217C Power Sequencing Timing

6.1.10 Power LED

The power LED is a blue LED that will turn on once FeS65217Chas finished the
power up proedure. If you ever see the LED flash once, that means thaPhé5217C
started the process and encountered an issue that caused it to shufldoaonnection
of the LED is shown irfrigure 25.

6.1.11 TPS6521T Power Up Process

Figure 28 shows the interfacleetween th8 PS65217Cand the processoltt is a cut
from the PDF form of the schematic and reflects what is on the schematic.

VDD_3V3A
VDD_3V3A =
R1
.
o
(5]
o
S 2:; U2 100K, 1%
5 [~ WAKEUP |3 <§§ WAKEUP
PMIC_POWR_EN ) - 22 PWR_EN N PMIC_INT
2C0_SCL <O £ scL PGOOD [¢ PMIC_PGOOD
55 LDo_PGOOD

[2C0O_SDA SDA LDO_PGOCD

Figure 28. Power Processor Interfaces

When voltage is applied, DC or USB, thBS65217Cconnects the power to the SYS
output pin whichdrives the switchers and L theTPS65217C.

At power up all switchers and LDOs are off except forWerC LDO (1.8V), which

provides power to the VRTC raand controls theRTC_PORZn input pin to the
processarwhich starts the power up process & pgrocessorOnce the RTC rail powers
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up, theRTC_PORZn pin, driven by thd.DO_PGOOD signal from theTPS65217C of
the processor is released.

Once theRTC_PORZn reset is released, the processor starts the initialization process.
After the RTC stabilizesthe processor launches the rest of the power up process by
activating thePMIC_POWER_EN signal that is connected to tAéS65217Cwhich

starts theTPS65217Cpower up process.

The LDO_PGOOD signal is provided by th8PS65217Cto the processor. As this
sigral is 1.8V from theTPS65217Cby virtue of theTPS65217CVIO rail being set to
1.8V, and thdRTC_PORZ signalon the processas 3.3V, a voltagdevel shifter,U4, is
used. Once the LDOand switchersare up on th8PS6521T, this signal goes active
releasng the processoiThe LDOs on thdPS6521T are used to power the VRTC rail
on the processor.

6.1.12 Processor Control Interface

Figure 28 above shows two interfaces between the processor anidP®He5217Cused
for control after the power up sequence has detag.

The first is the2CO bus. This allows the processor to turn on and off rails and to set the
voltage levels of each regulator to supports such things as voltage scaling.

The second is the interrupt signal. This allows tlRS85217Cto alert the ppcessor
when there is an event, such as whenpbwer button is pressed. The interrupt is an
open drain output which makes it easy to interface to 3.3V girtiwessar

6.1.13 Low Power Mode Support

This section covers thrageneral power dowmodesthat are available. Hse modes are
only described frm a Hardware perspective as it relates to the HW design.

6.1.13.1 RTC Only

In this mode all rails are turned off except M®D_ RTC. The processomill need to
turn off all the rails to enter this mode. TW®D_RTC staying on will keep the RTC
active and provide for the wakeup interfaces to be active to respond to a wake up event.

6.1.13.2 RTC Plus DDR
In this mode all rails are turned off except ¥ieD_RTC and theVDDS_DDR, which
powers the DDRB memory. Theprocessomwill need to turn off all the rails to enter this

mode. ThevDD_RTC staying on will keep the RTC active and provide for the wakeup
interfaces to be active to respond to a wake up event.

& -beaglebone
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TheVDDS_DDRrrail to the DDR3 is provided by the 1.5V rail dhe TPS65217Cand
with VDDS_DDR active, the DDRB can be placed in a self refresh mode by the
processor prior to power dowvhich allows the memory data to be saved.

Currently, this feature is not included in the standard software release. The pdan is t
include it in future releases.

6.1.13.3 VoltageScaling
For a mode where the lowest power is possible without going to sleep, this mode allows
the voltage on the ARM processto be lowered along with slowing the processor
frequency down. The I2Cbus is usedo control the voltage scaling function in the
TPS65217C
6.2  Sitara AM3358BZCZ100Processor

The board is designed to u#iee Sitara AM3358BZCZ100 processan the 15 x 15
packageEarlier revisions of the board used the XM3359AZCZ100 processor.

6.2.1 Description

Figure 29 is a high level block diagram of the processor. For more information on the
processor, go thttp://www.ti.com/product/am3358

ﬁ bqule Pageb4 of 126 @>m9|eme



http://www.ti.com/product/am3358

REF: BBONEBLK_SRM

BeagleBone Black System Rev C1
Reference Manual

|

ARM Graphics Display |

Cortex-A8 PowerVR 24-bit LCD controller (WXGA)| ||

550/650/720 el Toush sareen controller | ||

MHz 2Bl L= = - | I

32K/32K L1 w/SED Crypto PF?T:(JE = bsys:;’;”%m :

296K L2 wECC oy 200 MHz wsep_||]

snare

176K ROM| 64K RAM RAM |5m5p{ WISED Peripherals| | |

|

L3/L4 interconnect |

I

I

Serial System Ty, Parallel |

X

UART x6 eDMA ADC (8 ch I MMC/SD/ :

SPIx2 Timers x7_ | Crp oo | spioxs ||

FC x3 WDT GPIO |

MeASP x2 RTC ETM / ETB :
(4 channel)

AN G eHRPWM x3 - |

rysta

(Ver. 2A and B) eQEP X3 Osdllator x2 I

USB 2.0 HS PRCM , |

OTG + PHY x2 Memory interface I

LPDDR1/ DDR2 I

EM’:‘EE(EEEE’;} ;E&“;LESST = (16-bit, 180 / 200 MHz) :

(M, RMII, RGMIT) MAND/MOR (16-bit ECC) |

I

Figure 29.

Sitara AM3358BZCZ Block Diagram
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6.2.2 High Level Features

Table 5 below shows a few of the high level features of3itaraprocessor.

Table 5.  Processor Features
Linux, Android, Windows
OIEICUISYSEIE Embedded CEINX, MMC/SD 3
ThreadX
Standby Power 7 mW o7:\\ 2
ARM CPU 1 ARM CortexA8 UART (SCI) 6
NV RYIEFA(YEYSR 275,500,60@00,1000 ADC 8-ch 12bit
ARM MIPS (Max.) 1000,120000 PWM (Ch) 3
Graphics 13D eCAP 3
Acceleration
Other Hardware 2 PRUICSS,Crypto eQEP 3
Acceleration Accelerator
On-Chip L1 Cache 64 KB (ARM CortexAg) RTC 1
On-Chip L2 Cache JRESS gAS)R’V' Cortex 12C 3
Other ORChip 128 KB MCASP 2
Memory
Display Options LCD SPI 2
1 16bit (GPMC, NAND
SIS 1i-ch NOR FlashSRAM) ERSYINEDM 64Ch EDMA
Memory
1 16bit (LPDDR-400, 1.8V(ADC),3.3V
DRAM DDR2:532, DDR3400) [ REEaANY
Operating
USB Ports 2 Temperature -40 to 90
Range (C)

6.2.3 Documentation

Full

documentation for

the processor

can be found on the TI

website at

http://www.ti.com/product/am3358&r the current processor used on theard Make

sure that you always use the latest datasheets and Technical Reference Manuals (TRM).
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6.2.4 Crystal Circuitry

Figure 30is the crysl circuitry for the AM338 processor.
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Figure 30.
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6.2.5 Reset Circuitry

Figure 31 is the board reset circuitry. The initial power on reset is generated by the
TPS65217Cpower management IC. It also handles the reset for the Real Tatle C

The board reset is the SYS_RESETNn signal. This is connected to the NRESET_INOUT
pin of the processor. This pin can act as an input or an output. When the reset button is
pressed, it sends a warm reset to the processor and to the system.

On the rewion A5D board,a change was mad@&n power up, the NRESET_INOUT
signal can act as an output. In this instance it can cause the SYS_RESETNn line to go high
prematurely. In order to prevent this, the PORZn signal from the TPS65217C is
connected to the SYS_BSETn line using an open drain bufféheseensurehat theline

does not momentarily go higin power up.

VDD_3V3A

3.3V oK. 196
. 1%
s1 <
MR231GLFS J
1 2
L] L]
VIO \.-—'—._\
3 1l o4 C24
1uF,10V
ule «w A4
3 %o RESET
5] DGND
2 4
A
4
O SN74LVC1G07DCK
& o
u2
DGND
26
PGOOD
46
LDO_PGOOD
U5A 615
TPS65217C B PORZn [AT0 -
SubArctic AM335X  NRESET_INOUT | g5 > SYs_RESETn 9.1
1.8VRTC_PORZn
15mm x 15mm -
Package

AM3359
Figure 31. Board Reset Circuitry

This change is also in all revisions after A5D.
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DDR3L Memory

The BeagleBondlack uses asingle MT41K256M16HA125 512ViB DDR3L device

from Micron that interfaces to the processor over 16 data lines, 16 address lines, and 14
control lines.On rev C we added the Kingst&E4CN2H5A-A58 device as a source for

the DDR3L device

The following sections provide more details on tksign.
6.2.6 Memory Device

The desigrsupports thestandard DDR3 and DDR3L x16 devicasdis built using the
DDR3L. A single x16 device is used on the board and there is no support for two x8
devices. The DDR3 devices work at 1.5V and the DDR8&vices can wd down to

1.35V to achieve lower power. THEDR3L comes in a 9GBALL FBGA package with

0.8 mil pitch. Other standard DDR3 devices can also be supported, but the DDR3L is the
lower power device and was chosen for its ability to work at 1.5V or 1.35V.tadhdasd
frequency that the DDR3is run aton the boards 400MHZ.

6.2.7 DDR3L Memory Design

Figure 32 is the schematic for the DDR3nemory deviceEach of thegroups ofsignals
is described in the following lines.

Address Lines: Provide the row addressrf@CTIVATE commands, and the column
address and auto pobarge bit (A10) for READ/WRITE commands, to select one
location out of the memory array in the respective bank. A10 sampled during a
PRECHARGE commandletermines whether the PRECHARGE applies to baek
(A10 LOW, bank selectebdy BA[2:0]) or all banks (A10 HIGH). The address inputs also
provide the ogcode during & OAD MODE command. Address inputs are referenced to
VREFCA. A12/BC#: When enabled the mode register (MR), A12 is sampled during
READ and WRITE commands to determiméhether burst chop (ethefly) will be
performed (HIGH = BL8 or no burst chdpOW = BC4 burst chop).

Bank Address Lines: BA[2:0] define the bank to which an ACTIVATE, READ,
WRITE, or PRECHARGE command is being applied. [BB] define which mode
register (MRO, MR1, MR2, or MR3) is loaded during the LOAD MODE command.
BA[2:0] are referenced torérca

CK and CK# Lines: are differential clock inputs. All address and control input signals
are sampled on the crossing of thesifive edge of CK and the negative edge of CK#.
Output data strobe (DQS, DQS#) is referenced to the crossings of CK and CK#.

Clock Enable Line: CKE enables (registered HIGH) and disables (registered LOW)
internal circuitry and clocks on the DRAM. The sihie circuitry that is enabled/disabled
is dependent upon the DDR3 SDRAM configuration and operating mode. Taking CKE

&-beaglebone
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LOW provides PRECHARGE powealown and SELF REFRESH operations (all banks
idle) or active powedown (row active in any bank). CKE is symonous for power

down entry and exit and for self refresh entry. CKE is asynchronous for self refresh exit.
Input buffers (excluding CK, CK#, CKE, RESET#, and ODT) are disabled during power
down. Input buffers (excluding CKE and RESET#) are disabled gi@#LF REFRESH.

CKE is referenced to Aérca
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Figure 32. DDR3L Memory Design

Chip Select Line: CS# enables (registered LOW) and disables (registered HIGH) the
command decoder. All commands are masked when CS# is registered HIGH. CS#
provides for external rank leetion on systems with multiple ranks. CS# is considered
part of the command code. CS# is referencedrtec¥
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Input Data MaskLine: DM is an input mask signal for write data. Input data is masked
whenDM is sampled HIGH along with the input dataidgra write access. Although the
DM ball is inputonly, the DM loading is designed to match that of the DQ and DQS
balls. DM is referenced to VREFDQ.

On-die_Termination _Line: ODT enables (registered HIGH) and disables (registered
LOW) terminationresistace internal to the DDR3SDRAM. When enabled in normal
operationODT is only applied to each of the following balls: DQ[7:0], DQS, DQS#, and
DM for the x8; DQ[3:0], DQS, DQS#, and DM for the x4. The ODT input is ignored if
disabled via th OAD MODE commad. ODT is referenced to VREFCA.

6.2.8 Power Rails

The DDR3L memory device and the DDR3 rails on the processos@apelied by the
TPS65217C Default voltage is 1.5V but can be scaled down to 1.35V if desired.

6.2.9 VREF

The VREF signal is generated from a vadfe divider on thevDDS DDR rail that
powers the processor DDR rail and the DDR3L device it$8fjure 33 below shows the
configuration of this signal and the connection to the DDR8&mory device and the
processor.

15%mim 3¢ 1 %mim
Package

_————— o omEaE

=R il
Lf AM225EBZCZA00

Figure 33. DDR3L VREF Design
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6.3 4GB eMMC Memory

The eMMC is a communication and mass data storage device that includes-a Multi
MediaCard (MMC) interface, a NAND Flash component, and a controller on an
advanced 1kignal bus, which is compliant withgéhMMC system specification. The
nonvolatileeMMC draws no power to maintain stored data, delivers high performance
across a wide range of operating temperatures, and resists shock and vibration disruption.

One of the issues faced with SD cards is that across the different brands and even within
the samebrand, performance can vary. Cards use different controllers and different
memories, all of which can have bad locations that the controller harigliesthe
controllersmay be optimized for reads or writes. You never know what you will be
getting. This an lead to varying rates of performance. The eMMC card is a known
controller and when coupled with the 8bit mode, 8 bits of data instead of 4, you get
double the performance which should result in quicker boot times.

The following sections describe thestg and device that is used on theard to
implement this interface.
6.3.1 eMMC Device

The device used one of two different devices:

1 Micron MTFC4GLDEA OM WT
1 Kingston KE4CN2H5A-A58

The package is a 153 ball WFBGA devareboth devices
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6.3.2 eMMC Circuit Design

Figure 34 is the design of the eMMC circuitrfthe eMMC device is connected to the
MMCL1 port on the processor. MMCO is still used for thieroSD card as is currently
done on the original BeagleBori¥he size of the eMMC supplied is now 4GB.

The device runs at 3.3V both internally and the external I/O rails. The VCCI is an
internal voltage rail to the device. The madacturer recommends that a ledpacitor be
attached to this rail, but a 2.2uF was chosen to provide a little margin.

Pullup resitors are used to increase the rise time on the signals to compensate for any
capacitance on the board.

VDD_3V3B

VDD_3V3B
| N | S| LD| O | | | O — T
O|O|O|O|O|O|O|O|O| |
IS b bs el bsl bl be bel bl bl bsl
rlxlrlxloloeloleloloeloe
c12
SEBREREBERH ~o 2.20F 6.3
ééééééééééé gmmommﬁwﬁ‘ Nm¢<mr\3mm N DGND
USA | A S| S Hf | S S =) = u13 SN RZOE ZopOPUENKEZ (6]
u7 A3 —
MMC1_DATO [~v7 AT DAT0 500000058 3o8SANRRH 8
MMC1 DATL [-RB A5 | DATL QQQQOOC00 00022222 S
MMC1_DAT2 [Tg B2 | DAT2 28888 >53>
MMC1_DAT3 U8 B3| DAT3
MMC1_DAT4 [-vg B2 | DAT4
MMC1_DAT5 [Rg B5| DATS
MMC1_DAT6 [Tg B6 | DAT6
MMC1_DAT7 [vg M5 | DAT7
MMC1_CMD [Ug M6 | CMD
MMC1_CLK [TT3 K5 | CLK
GPIO2_0 R162\ N/ 0 1% DNI RST
AM3358_ZCZ MEM_MNAND_2GB

Figure 34. eMMC Memory Design

The pins used by the eMMC1 in the boot mode are listed baldable 6.

Table 6. eMMC Boot Pins

Signal name Pin Uged in Device
clk gpmc_cani
cmd gpmc_can2
datd gpmc_ad0
dat1 gpmc_ad1
dat? gpmc_ad2
dat3 gpmc_ad3

For eMMC devices the ROM will onlyupport raw mode. The ROM Code reads out raw
sectors from image or the booting file within the file system and boots frdm riaw

mode the booting image can be located at one of the four consecutive locations in the
main area: offset 0x0 / 0x20000 (128K/ 0x40000 (256 KB) / 0x60000 (384 KB). For

this reason, a booting image shall not exceed 128KB in size. However it is possible to
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flash a device with an image greater than 128KB starting at one of the aforementioned
locations. Therefore the ROM Code da®t check the image size. The only drawback is
that the image will cross the subsequent image boundary. The raw mode is detected by
reading sectors #0, #256, #512, #768. The content of these sectors is then verified for
presence of a TOC structure. Irethase of &P Device a Configuration Header (CH)

must be located in the first sector followed b¥s® header The CH might be void (only
containing a CHSETTINGS item for which the Valid field is zero).

The ROM only supports theliit mode. After the irtial boot, the switch can be made to
8-bit mode forincreasing the@verall performance of the eMMC interface.

6.4 Board IDEEPROM

The BeagleBone is equipped with a sing&Kbit(4KB) 24LC32AT-/OT EEPROM to
allow the SW to identify the boartdable 7 below defined the contents of the EERPOM.

Table 7. EEPROM Contents

Name ‘ Size (bytes)‘ Contents
Header 4 OxAA, 0x55, 0x33, EE
Board Name 8 Name for board in ASCIl: A335BNLT
Version 4 Hardware version code for board in ASCII:

00A3 for Rev A3, 00A4 for Rev A4, 00A5 folRev A5, 00A6 for Rev
A6,00B0 for Rev B, and 00CO for Rev C

Serial Number 12 Serial number of the board. This is a 12 character string which is:
WWYY4P16nnnn
where: WW = 2 digit week of the year of production
YY = 2 digit year of production
BBBK = BeadgeBone Black
nnnn = incrementing board number

Configuration Option 32 Codes to show the configuration setup on this board.
All FF
RSVD 6 FF FF FF FF FF FF
RSVD 6 FF FF FF FF FF FF
RSVD 6 FF FF FF FF FF FF
Available 4018 Available space for other nonvolatile codes/data

Figure 35 shows the new design on tBEPROM interface

ﬁ beogle Page64 of 126




REF: BBONEBLK_SRM BeagleBone Black System Rev C1
Reference Manual

VDD_3V3A
w Board ID T
o 1 4
2410 12c0_SCL »»——#W SCL  VCC
2.4.10 [2C0_SDA, (}}—3 SDA —Eﬂ
e |2 E 1uf, 8.3V
N 5 Wi
WP 56 YOR
Z4LC32A DGND
256KX8 O
P4
TESTPTI

Figure 35. EEPROM Design Rev A5

The EEPROM is accessed by the processor using the 12C 0 bu&/F'pa is enabled
by default. By grounding the test poitite write protection is remed.

The first 48 locations should not be written to if you choose to use the extras storage
space in the EEPROM for other purposes. If you do, it could prevent the board from
booting properly as the SW uses this information to determine how to set lupatice

6.5 Micro Secure Digital

The micr&D connector on the board will supportmécroSD card that can be used for
booting or file storage on the BeagleBdlack

6.5.1 microSD Design

Figure 36 below is the design of theicroSD interfaceon the board

VDD_3V3B

-
E153 E154
o — o [32] < n
EE T N T T I
r ¢ ¢ ¢ & OuF,10V D.1uf,6.3V
DGND
TR ERE R
SRR
4 4 4 b4 b4 b4
UsA F18 SRS E 2= | B o
MMCO_DAT2 [FT7 57— DAT2 GND GND
MMCO_DATS "GT8 3| CD/DAT3 GND1 [T =5D
)_ A\
MMCO_CMD 21 CMD CD (17 =157 Mok s /PP_3v3B
G17 5| VDD GND2 13 '
MMCO_CLK 5 CLOCK GND3 |17
G16 7 vss GND4
MMCO_DATO [-GI5 g DATO .
MMCO_DATL pAaT1microSD 777
c15 -
MMCO_SDCD V4 MOLEX 502570-001
AM3358_ZCZ DGND

Figure 36. micr oSD Design

The signalsMMCO -3 are the data lines for the transfer of data between the processor and
themicroSD connector.
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TheMMCO_CLK signal clocks the data in and out of theeroSD card.
TheMMCO_CMD signal indicates that a command versus data regglssnt.

There is no separate card detect pin inntieroSD specification. It useSIMCO_DAT3

for that function. However, moshicroSD connectors still supply a CD function on the
connectors. In the BeagleBoBéack design, this pin is connectéd theMM CO_SDCD
pin for use by the processor. You can also change the @®t00 6, which is able to
wake up the processéirom a sleep mode when amicroSD card is inserted into the
connector.

Pullup resistors are provided on the signals to increase themise ¢f the signals to
overcome PCB capacitance.

Power is provided from th&DD_3V3B rail and a 10E capacitor is provided for
filtering.
6.6 User LEDs

There are four user LEDs on the BeagleB8tack These are connextto GPIO pins
on the processoFigure 37 shows the interfaces for the user LEDSs.

SYS_5v

A

R72
820,5%

LEDAA

D2 LTST-C191TBKT

LEDBA

R73
820,5%

D3 LTST-C191TBKT

R74
820,5%

AFEA

D4 LTST-C191TBKT

R71
820,5%

LED,

D5 LTST-C191TBKT

o] Q O g
I @[ o ap
[a)] [a)] o ]
w w w
4 4 t
(3] © ™
© = = =
. o1n B Q1B . , B Q2A . ] Q2B
2 |[® :-".E"K DMC56407 :13: DMC56407 =-|_E|t_; DMC56404
3 USRO 'D'I.E.K DMC56404
J J J
= B P
5
R76 ~ R77 < R78 o <
100K,1% 100K, 1% 100K, 1% R79
> 100K,1%
DGND DGND DGND
DGND DGND
DGND DGND DGND
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Figure 37. User LEDs

Resistors R7-R74werechanged ta@l.75K on the revision A5B board.

Table 8 shows the signals used to control the four LEDs from the processor.
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Table 8.  User LED Control Signals/ Pins

LED | GPIO SIGNA PROPIN
GPIO1 21
VI GPIO1 22 U15
WSl GPIO1 23 T15
U3k GPIO1 24 | Vie

A logic |level of fAlo will cause the LEDs t

6.7 Boot Configuration

The design supports two groups of boot options on the board. The user ¢em swi
between these mosl@ia the Boot buttoriThe primaryboot source is the onboard eMMC
device. By holding the Boot button, the user can force the board to boot from the
microSDslot. This enables the eMMC to bgerwritten when needeat to just ot an
alternate imageThe llowing sections describe how the boot configuration works.

In most applications, including those that use the provided demo distributions available
from beagleboard.org, the processeexternal boot ade is composed of two stageAfter

the primary boot code in the processor ROM passes control, a secondary stage (secondary
program loader- "SPL" or "MLO") takes over.The SPL stage initializes only the
required devices to continue the boot procesd,then control is transferred to the third

stage "Uboot". Based on the settings of the boot pins, the ROM knaekhere to go and

get the SPL and UBoot code. In the case of the BeagleBone Black, that is either eMMC
or microSD based on the position of thebswitch.

6.7.1 Boot Configuration Design
Figure 38 shows the circuitry that is involved in the boot configuration proc@ss.

power up, these pins are read by the processor to determine the boot order. S2 is used to
change the level of one bit from kb LO which changes the boot order.
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