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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 and on, the user is encouraged to try to correct the
interference by one or more of the following measures:

—Reorient or relocate the receiving antenna.

—Increase the separation between the equipment and receiver.

—Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

—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
user’s authority to operate the equipment.

THIS DOCUMENT

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported
License. To view a copy of this license, visit http://creativecommons.org/licenses/by-
sa/3.0/ or send a letter to Creative Commons, 171 Second Street, Suite 300, San
Francisco, California, 94105, USA.

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

For mor e information, see http://creativecommons.or g/license/r esults-
one?license code=bhy-sa

For any questions, concerns, or issues submit tbgrarald @BeagleBoard.org

g;.: beagle._?:;:.- oard.or
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BEAGLEBONE DESIGN

These design materials referred to in this docunazat
*NOT SUPPORTED* and DO NOT constitute a
reference design. Only “community” support is alémwia
resources dBeagleBoard.org/discuss.

THERE IS NO WARRANTY FOR THE DESIGN
MATERIALS, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE DESIGN
MATERIALS “AS IS” WITHOUT WARRANTY OF

ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND

FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND

PERFORMANCE OF THE DESIGN MATERIALS IS
WITH YOU. SHOULD THE DESIGN MATERIALS
PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

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

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

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

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

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

BeagleBoard.org currently deals with a variety of customers for products, and therefore our arrangement
with the user is not exclusive. BeagleBoard.org assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or services described
herein.

Please read the System Reference Manual and, specifically, the Warnings and Restrictions notice in the
User's Guide prior to handling the product. This notice contains important safety information about
temperatures and voltages. For additional information on BeagleBoard.org environmental and/or safety

programs, please visit BeagleBoard.org.

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

Mailing Address:

BeagleBoard.org

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

ﬁ beagleboard.org Page 4 of 79 ‘;esbeoglebone
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WARRANTY: The BeagleBoard is warranted against defects in materials and workmanship for a
period of 90 days from purchase. This warranty does not cover any problems occurring as a result
of improper use, modifications, exposure to water, excessive voltages, abuse, or accidents. All
boards will be returned via standard mail if an issue is found. If no issue is found or express return
Is needeq, the customer will pay all shipping costs.

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

Please refer to section 9 of this document for the board checkout procedures.

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

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

ﬁ beagleboard.org Page 5 of 79 ‘;«pbeaglebone
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1.0 Introduction

This document is th&ystem Reference Manuafor the BeagleBone. It covers revision
A3 and revisionA4. It is intended as a guide to assist anyone psmbaor who are
considering purchasing the board to understandvbeall system design and the features
of the BeagleBone. It can also be used as a referfar the design for those who are
implementing this design into their own product.

This design is subject to change without noticevaswill work to keep improving the
design as the product matures.

¥ . beagleboard.org
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2.0 Change History

2.1  Change History

Table 1. Change History

-
Original Release for review November 4, 2011 G
1. Added notch dimension to the Cape board outline.
0.2 2. Added power numbers to features table. November 11, | ¢
3. Corrected USBO and USB1 numbering 2011
4. Made correction on two signals on Tables 10 thru 12
1. Rev A4 Release
2. Documented the changes.
A4.0.4 3. Updated Figure 28 to show pullup resistors as 5.6K. January 3, 2012 | ¢
4. Added note to Cape section that mounting holesatre
required.

5. Fixed link to the TPS65217B documentation.
6. Added section on ADC interface.

2.2 RevA3vs. A4
No functional changes were made to the boardrataites to its overall operation.
2.2.1 PCB Changes

The following PCB changes were made to facilitheedcquisition of components to
meet the production schedule which required diffefeotprints.

* New microSD connector. PCB layout was changeddihitizte the change.
* 50 ohm resistor was changed to a 0402 footprint.
* Changes C7 footprint to 0805.

2.2.2 Design Changes

Added a 10k pull down resistor, R219, to fix pdhaof the speed LED on the Ethernet
connector.

NOTE: The pictures in this document were not changed to
reflect the new A4 version. The benefit of doing tls is very
small. The only obvious difference is the big redisr below the
USB Host connector is no longethere.
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3.0 BeagleBone Overview

The BeagleBone is the latest addition to the Bdxuped.org family and like its’
predecessors, is designed to address the OpeneSGoromunity, early adopters, and
anyone interested in a low cost ARM Cortex A8 bagextessor. It has been equipped
with a minimum set of features to allow the useexperience the power of the processor
and is not intended as a full development platfasrmany of the features and interfaces
supplied by the processor are not accessible frenBeagleBone via onboard support of
some interfaces.

3.1 BeagleBone Expansion

By utilizing comprehensive expansion connectors,BeagleBone is highly extensible to
add many features and interfaces via add-on baar@spes. Capes refer to the shape of
the add-on boards and are discussed later in digisndent. A majority of the signals from
the processor are exposed via the expansion head@rsan be accessed there, but may
require additional hardware in order to use thems Will be handled by the creation of
Capes in the future. Due to the deep multiplexihthe pins, there are limits as to how
many interfaces can coexist at any one time. Reféhe processor documentation for
more information.

3.2 BeagleBone Design Material

All of the design information is freely availabladacan be used as the basis for a product
or design. If the user decides to use the BeagleBl@sign in a product, they assume all
responsibility for such use and are totally resgdador all aspects of its use.

We do not sell BeagleBone boards for use in endlynts. We choose to utilize our
resources to create boards for the expressed mugmPpreviously stated. We will be
changing the design to improve it and will not coné to make older revisions as the
overall design matures.

There are programs available for someone to hawdadard built to their specifications
and then use that board in a product. All of theiglieinformation is freely available and
will be kept up to date. Anyone is free to use thldrmation as previously stated.

3.3 In The Box

The BeagleBone ships in a box with the followinggmnents:

* BeagleBone
« USB Cable
e 4GB uSD card with SW and documentation

beaglebone
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4.0 BeagleBone Features and Specification

This section covers the specifications and featafélse BeagleBone and provides a high

level description of the major components and fatars that make up the BeagleBone.

Table 2 provides a list of the BeagleBone’s features.

Table 2.

BeagleBone Features

Feature

Processor

AM3359
500MHZ-USB Powered
720MHZ-DC Powered

Memory

256MB DDR2 400MHZ (128MB Optional)

PMIC TPS65217B

Power Regulators

LiION Single cell battery charger (via expansion®*)

20mA LED Backlight driver, 39V, PWM (via expansign*

*(Additional components required)

USB to Serial Adapter miniUSB connector
Debug Support On Board JTAG via USB 4 USER LEDs
Optional 20-pin CTI1 JTAG
Power USB 5VDC External jack
PCB 34" % 2.1" 6 layers
Indicators Power

4-User Controllable LEDs

HS USB 2.0 Client Port

Access to the USB1 Client mode

HS USB 2.0 Host Port

USB Type A Socket, 500mA LS/FS/HS

Ethernet

10/100, RJ45

SD/MMC Connector

microSD , 3.3V

User Interface

1-Reset Button

Overvoltage Protection

Shutdown @ 5.6V MAX

Expansion Connectors

Power 5V, 3.3V, VDD_ADC(1.8V)
3.3V 1/O on all signals
MCcASPO, SPI1, I2C, GPIO(65), LCD, GPMC, MMC1, MMC2,
AIN (1.8V MAX), 4 Timers, 3 Serial Ports, CANO,
EHRPWM(0,2),XDMA Interrupt, Power button, Batterjh&rger, LED
Backlight, Expansion Board ID (Up to 3 can be stabk

5V Power

USB or 5.0VDC to 5.2VDC
See Table 3 for power consumption numbers.

Weight

1.4 0z (39.68 grams)

*Board will boot to 500MHz under USB power.

NOTE: DUE TO MULIPLEXING ON THE PINS OF THE PROCESSORI|_IAOF THESE
EXPANSION SIGNALS CANNOT BE AVAILABLE AT THE SAME TME.
NOTE: The battery configuration is not suitable topower the BeagleBone in its current

configuration.

The following sections provide more detail on etedture and sections of the board.

i beaglebe
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4.1 Board Component Locations

TheFigure 1 below shows the top side locations of the key comepts on the PCB
layout of the BeagleBone.

TPS65217

o ETHERNET

PHY

UEB TO

SERIALMJTAG AM3359

256MB DDR2

Figure 1. Top Side Components

Figure 2 shows the key components mounted on the baclositthe board.
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Figure 2. Bottom Side Components
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4.2 Board Connector and Indicator Locations

Figure 3 shows the key connector and LED locations of thagteBone.

RESET
DCINPUT ETHERNET USB CLIENT

AER LEDS

PMIC EXPANSION

EXPANSION B

EXPANSION A

USB HOST microsD

Figure 3. Board Connector and Indicators
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5.0 BeagleBone Design Specification

This section provides a high level descriptionha tesign of the BeagleBone.

51 Processor

The board currently uses the AM3359 processorenlbx15 package. Actual processor
speed will be determined by the actual devicesIgeghplhe board is being released prior
to the processor being in full production and asesult, has the AM3359 due to

availability of those parts at this time. When afpeeh to the AM3358, no loss of features
will be experienced.

5.2 Memory

As single x16 bit DDR2 memory device is used. Thsigh supports 128MB or 256MB
of memory. The standard configuration is 256MB @dMHz. A 128MB version may be
built later, but there are no definite plans fasth

A single 32KB EEPROM is provided on 12C0 that hottie board information. This
information includes board name, serial number, r@wésion information. Unused areas
can be used by SW applications if desired.

5.3 Power Management

The TPS65127B power management device is used along with a agparDO to
provide power to the system.

5.4 PC USB Interface

The board will have an onboard USB HUB that coneges two USB ports used on the
board to one to facilitate the use of a single W8Bnector and cable to the PC. Support
via this HUB includes:

» USB to serial debug
e USBtoJTAG
» USB processor port access

When connected to the PC each of these will shoasymorts on the PC.

&

beaglebone
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5.4.1 Serial Debug Port

Serial debug is provided via UARTO on the processsing a dual channel FT2232H
USB to serial device from FTDI to connect thesaalg to the USB port. Serial signals
include Tx, Rx, RTS, and CTS.

A single EEPROM is provided on the FT2232H to alltaw the programming of the

vendor information so that when connected, the dozan be identified and the
appropriate driver installed.

5.4.2 JTAG Port

The second port on the FT2232H will be used forJih&G port. Direct connection to the
processor is made from the FT2232H. There is a@hAader provided on the board as
an option, but it is not populated.

5.4.3 USBO Port

The HUB connects direct to the USBO port on thecessor. This allows that port to be
accessible from the same USB connector as thel 8adalTAG ports.

5.5  MicroSD Connector

The board is equipped with a single microSD cororect act as the primary boot source
for the board. A 4GB microSD card is supplied wethch board. The connector will
support larger capacity SD cards.

5.6 USB1 Port

On the board is a single USB Type A connector Wuth LS/FS/HS Host support that
connects to USB1 on the processor. The port cavigggower on/off control and up to
500mA of current at 5V. Under USB power, the boaridl not be able to supply the full
500mA, but should be sufficient to supply enougtrexnt for a lower power USB device.

You can use a wireless keyboard/mouse configuratigiou can add a HUB for standard
keyboard and mouse interfacing if required.

5.7 USB Client Port

Access to USBO is provided via the onboard USB Hulwill show up on a PC as a
standard USB device.

& >beaglebone
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5.8 Power Sources

The board can be powered from a USB port on a Pftoor an optional 5VDC power
supply. The power supply is not provided with tluatd and must be a grounded power
supply. The USB cable is shipped with the board.

When powered from USB, the board is limited to 39@6lz. The onboard HUB +

FT2232H power consumption does not leave room en300mA budget for the boot
process. For 720 MHz operation, DC power is reglifiehe lowest power mode is DC
w/o the USB port connected, even at 720MHz.

Power can be supplied via a 2.1mm x 5.5mm centanexor when connected to a
positive power supply rated at 5VDC +/- .1V and TAis is similar to the power supply
as currently used on BeagleBoards and the boarthegowered from a supply that was
used to power the BeagleBoard. Do not apply voftagesxcess of 5V to the DC input.
The DC power supply must be grounded.

59 Reset Button

When pressed and released, causes a reset of @né. e to the small size of the
switch, you will not experience a lot of travel wheushing the switch.

5.10 Indicators

There are five total green LEDs on the board. aurbe controlled by the user and one
static LED.

o0 One power LED indicates that power is applied.

o Four Green LEDs that can be controlled via the SMgditing GPIO ports.

5.11 CTIJTAG Header

An optional 20 pin CTI JTAG header can be providedthe board to facilitate the SW
development and debugging of the board by usinpwsrJTAG emulators. In order to
use the connector, series resistors must be rentovisdlate the USB to JTAG feature.
This header is not supplied standard on the boaddtze typical user will not be able to
make the resistor changes.

& >beaglebone
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6.0 Expansion Interface

This section describes the expansion interfacefaméeatures and functions available
from the expansion header.

6.1 Main Board Expansion Header

Two 46 pin dual row .1 x .1 female headers are eghn the board for access to the
expansion signals. Due to the number of pins, a ilusertion force header has been
chosen to facilitate the removal of the Capes. Hamnedue to the large number of pins,
removal can be difficult and care should be takethe removal of the boards connected
to the expansion headeEgure 4 below is a picture of the female header used.

Figure 4. Main Board Expansion Connector

6.2 Cape Expansion Boards

Each expansion board or Cape will have 2 46 pimeotors. Their exact type and
configuration will vary depending on the method dusRefer toSection 8for more
details. The connectors used will be thruhole cotors.

Up to four Capes can be stacked onto the BeagleBemeh board will have the same
EEPROM as is found on the main board but will beliferent addresses to allow for
scanning for expansion boards via the 12C bus. Heard will be equipped with a 2
position dipswitch to set the address of the bdmased on the stack position. It is up to
the user to insure the proper setting of this difdwto prevent a conflict on the 12C bus.
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Standard expansion board size is 3.4” x 2.1". Toard will have a notch in it to act as a
key to insure proper orientation. The key is arotimel Ethernet connector on the main
board.

Oversize boards, such as LCD panels, are allowed.nain board will extend out from
under these boards.

6.3 Exposed Functions
This section covers functionality that is accessfibbm the expansion header.

NOTE: Not all functionality is available at the sane time due to the extensive pin
muxing of the signals on the processor.

Please refer to the processor documentation failddtinformation on the uses and
functions of the pins listed in the following sects.

6.3.1 LCD

A full 24 bit LCD panel can be supported. With timain board having backlight and
touchscreen functionality, will simply and loweretttost of LCD expansion boards.

Backlight power is limited to 25mA, so this may mat enough for larger panels.

If other functions are needed on an expansion haaich as NAND support, the full 24
bit display may not be able to be supported dubegin muxing.

You can also create 16 bit LCD boards. The advantage is that this uses fewer pins on
the expansion connectors leaving more signals tesbd by other expansion boards.

6.3.2 GPMC

Access to the GPMC bus is provided. Depending enctinfiguration needed, this may
result in the loss of the LCD interface. Supportdol6 bit wide NAND is provided by
the expansion board. This will limit the LCD displto 16Bits. Make sure you review
and understand the pin muxing option before doidgsagn.

6.3.3 MMC1

MMCL1 signals are exposed on the expansion headers.

6.3.4 SPI

There are two SPI ports available on the expanseader. SPIO0 has one CS and SPI1

has two CS signals.

beagleboard.org
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6.3.5 12C

There are two 12C Ports on the expansion head€l Enhd 12C2. 12C2 is used for the
EEPROMS on the expansion boards and must alwagsdassible.

6.3.6 Serial Ports

There are five serial ports on the expansion hsadlskRT1-4 has TX,Rx,RTS and CTS
signals while UARTS5 only has TX and RX.

6.3.7 A/D Converters
Seven 100K sample per second A to D converteravaiable on the expansion header.

NOTE: Maximum voltage is 1.8V. Do not exceed this oltage. Voltage dividers
should be used for voltages higher than 1.8V.

In order to use these signals, level shifters ballrequired. These signals connect direct
to the processor and care should be taken notcieelxthis voltage.

The VDD_ADC voltage is 1.8V and is not to be usedpbwer anything. It is only a
reference voltage and should be used to set tkecrefe level for those interfaces added
to the CAPE and not used to supply power.

6.3.8 GPIO

A maximum of 66 GPIO pins are accessible from tkgaasion header. All of these pins
are 3.3V and can be configured as inputs or outpAy GPIO can be used as an
interrupt and is limited to two interrupts per GPBank for a maximum of eight pins as
interrupts.

6.3.9 CAN Bus

There are two can bus interfaces available on Kparesion header supporting CAN
version 2 parts A and B. The TX and RX digital sitgnare provided. The drivers and
connectors will need to be provided on a daugtdest tor use.

6.3.10 TIMERS

There are four timer outputs on the expansion heade

6.3.11 PWM

There are up to eight PWM outputs on the expanseaaer.

* High Resolution Outputs- up to 6 single ended.
« ECAP PWM- 2 outputs

beagleboard.org
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7.0 Detailed Board Design

This section describes the detailed design of gagE2Bone. Please be sure to reference
the AM3359 datasheet and technical reference maougin a deeper understanding.

7.1  System Block Diagram

Figure 5is the high level system block diagram of the BeBgne.

DDR2
1X16 256MB

lJ ) E.R LED S.

RST BUTTON

10/100

RMII ETHERNET
AM3358 PHY

2 PORT usBo
USB HUB

microSD

FT2232H
USBTO
SERIAL

Figure 5. System Block Diagram
Each of these sections is discussed in more dettie following sections.
7.2  Processor

The board is designed to use the AM3358 processihiei 15 x 15 package. Initial boards
that ship will have the AM3359 processor as thaiésversion that is currently available.
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7.2.1 Processor Block Diagram

Figure 6 is a high level block diagram of the processon Fore information
processor, go tbttp://www.ti.com/product/am3359

EMAC (2-port) 10M/100M/1G
IEEE1588, and switch
(MIl, RMII, RGMIN)

ARM Graphics Display
Cortex-A8 PowerVR 24-bit LCD controller (WXGA)
550/650/720 e Touch screen controller
MHz 2 F Lo~ |
32K/32K L1 w/SED Crypto PESUE SU bs?s:i'@ﬁﬂ
X
256K L2 WECC BaK 200 MHz w/SED
share
176K ROM| 64K RAM RAM BKIBK wW/SED Peripherals
I L3/L4 interconnect
Serial System Parallel
UART 6 DVA SCAPX3
e MMC/SD/
ADC (8 channel)
SP1x2 Timers x7 12-bit SAR SDIO x3
FC x3 WDT GPIO
MCASP x2 RTC ETJJ’ﬁff%frs
o) | e o
rysta
(Ver. 2A and B) eQEP 3 Osdillator x2
USB 2.0 HS PRCM |
OTG + PHY x2 Memory interface

LPDDR1/ DDR2
(16-bit, 180 /200 MHz)

NAND/NOR (16-bit ECC)
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7.3  System Power

Figure 7 is a high level block diagram of the power sectiesign of the BeagleBone.

EXP

R

PGOOD

WAKEUP

INT

=
m( TPS65217B

VDD_CORE

vDD MPU

1.8V

3.3VA

3.3VB

VRTC

Figure 7. Power Subsection Block Diagram

7.3.1 TPS65217B PMIC

The main Power Management IC (PMIC) in the systamthe TPS65217B. The
TPS65217B is a single chip power management ICistamg of a linear dual-input
power path, three step-down converters, four LD@sgd a high-efficiency boost
converter to power two strings of up to 10 LEDsseries. The system is supplied by a
USB port or DC adapter. Three high-efficiency 2.25Mstep-down converters are
targeted at providing the core voltage, MPU, andhory voltage for the board.

The step-down converters enter a low power modiglstioad for maximum efficiency
across the widest possible range of load currémslow-noise applications the devices
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can be forced into fixed frequency PWM using th€ interface. The step-down
converters allow the use of small inductors andacaprs to achieve a small solution
size.

LDO1 and LDO2 are intended to support system-stamdbde. In SLEEP state output
current is limited to 100uA to reduce quiescentenir whereas in normal operation they
can support up to 100mA each. LDO3 and LDO4 capasu up to 285mA each.

By default only LDO1 is always ON but any rail cae configured to remain up in
SLEEP state. Especially the DCDC converters caraiemp in a low-power PEFM mode
to support processor Suspend mode. The TPS6521iBs diexible power-up and

power-down sequencing and several house-keepiragidms such as power-good output,
pushbutton monitor, hardware reset function andptature sensor to protect the
battery.

For more information on the TPS65217B, refehttp://www.ti.com/product/tps65217b
Figure 8is the high level block diagram of the TPS65217B.
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7.3.2 5V DC Power Input

Figure 9is the design of the 5V DC input circuit to theS65217B

VDD_5V

SYS_5v
U1l u2
P ! INO ouT1 > DC_IN, 10 AC SYs1 :
1 T 7 8
{— INT  ouTo ——H SYs2
3 6 | |3
EN o FLAG —X
2 Z TPS65217B
o 1
} NCP349
PJ-200A o TUF,6.3V
DGND

DGND

DGND

Figure 9. 5V DC Power Input

A 5VDC supply can be used to provide power to thart. The power supply current
depends on how many and what type of add on baaelsonnected to the board. For
typical use, a 5VDC supply rated at 1A should b#figent. If heavier use of the
expansion headers or USB host port is expected, @ahbigher current supply will be
required.

The connector used is a 2.1MM center positive xmBa5outer barrel. ANCP349 over
voltage device is used to prevent the pluggingfii to 12 V power supplies by mistake.
The NCP349 will shut down and the board will not power on. Migible indicator is
provided to indicate that an over voltage conditaists. The board will not power up.

The 5VDC rail is connected to the expansion hedter possible to power the board via

the expansion headers from a add-on card. The 5¥Ddlso available for use by the
add-on cards when the power is supplied by the 5J42& on the board.

beagleboard.org

Page 29 of 79




REF: BBONE_SRM BeagleBone System Reference RevA4.0.4
Manual

7.3.3 USB Power

The board can also be powered from the USB portypical USB port is limited to
500mA max. When powering from the USB port, theD®/is not provided to the
expansion header. So daughter cards that requnatdatl will not have that rail available
for use.Figure 10is the design of the USB power input section.

G4

] G1

o VB 9 DC Sys1i
O N Sys2
miniUSE-B [ [ P° DGND ,

TPS65217B

SYs_5v

o~

G

.7uUF,6.3V

DGND

Figure 10. USB Power Input

7.3.1 Power Source Selection

The selection of either the 5VDC or the USB asgbeer source is handled internally to
the TPS65217Band automatically switches to 5VDC power if botk aonnected. SW
can change the power configuration via the 12Crfat® from the processor. In addition,
the SW can read thEPS65217Band determine if the board is running on the 5VDC
input or the USB input. This can be beneficial tiow the capability of the board to
supply current for things like operating frequeiacyl expansion cards.

It is possible to power the board from the USB inpnd then connect the DC power
supply. The board will switch over automaticallytb@ DC input.

7.3.2 Power Consumption
The power consumption of the board varies basegubarer scenarios and the board boot
processesTable 3is an analysis of the power consumption of thedbaathese various

scenarios.

Table 3. BeagleBone Power Consumption(mA@5V)

MODE USB DC DC+USB
Reset 180 60 190
UBoot 363 230 340
Kernel Booting 502 350 470
(Peak)
Kernel Idling 305 170 290
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When the USB is connected, the FT2232 and HUB ameeped up. This causes an
increase in current. When the USB is not connedtezse devices are in a lower power
state. This is accounts for roughly 120mA of cutrand is the reason for the increased
current when the USB is connected.

The current will fluctuate as various activateswcsuch as the LEDs on and SD card
accesses.

7.3.3 Power Sequencing

The power up process is made up of several stagkeswents.Figure 11is the events
that make up the power up process of the system.

VDD_CORE /VDD_MPU

sys_clk

|
| . | 1.8V
VDDS_RTC ' | :
| . 1.8V
1 |
RTC_PORZ U / |
|
Lo | 1.8V
1 T
PMIC_POWER_EN _L/ |
bt ' 1.8V
Lo :
All 1.8V Supplies _}_:—/ :
1 |
b ! 1.8VA.5V
VDDS_DDR 4 !
| I 3.3V
| T
| |
|
VDDA3P3V_USBO/M I |
l I 1.1V
| /
| |
T |
| |
|
|
|
|
|
|
|
|
|
|
|

sys_32khz

|
|
|
|
Il
|
|
|
|
1
|
|
|
|
|
|
|
1
|
|
|
| |
|

10 3.3V Supplies ' / |
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
]
|
|
|
|
1
|

Figure 11. Power Sequencing

7.3.4 TPS65217B Power Up

When voltage is applied, DC or USB, thBeS65217Bconnects the power to the SYS
output pin which drives the switchers and LDOSheTP652178B

be ag leboard.or
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At power up all switchers and LDOs are off exceptthe VRTC LDO (1.8V), provides
power to the VRTC rail. Once the RTC rail powers tipe RTC_PORZ pin of the
processor can be releaségure 12is the circuit that controls the RTC_PORZ pin.

VRTC

c21

_{ VRTC

0.01uf,1

K LDO_PGOOD 2

© R141 10K, 1%
—| U17A DGND u17B R143

7 VRTC_DET R17 __ VRTCJDETB 3 VRTC_DET OUT RTC_PORZ
1.1K,1%
SN74AUP2G08

N

0,1%,DNI
SN7#iAUP2G08

C22 R18
0.01uf,16V
DGND DGND

12.1K,1%
DGND
DGND

Figure 12. RTC_PORZ Control

There are actually two circuits in this design. @ses a pair of AND gates to create the
RTC_PORZ signal and the other uses tieO_PGOOD signal form theTlPS65217B

In the case of the AND gate circuit, once the VR&Lcomes up the circuit delays the
RTC_PORZ which releases the RTC circuitry in the processor.

In the case of theDO_PGOOQOD signal, it is provided by thEPS65217B As this signal
is 3.3V and th&kRTC_PORZ signal is 1.8V, a voltage divider is used. OneeltbOs are
up on the TPS65217B, this signal goes active. Th@4.on theTPS65217Bare used to
power the VRTC rail on the processor.

The LDO_PGOOD version the default circuit currently used on th& design. It is
possible on future revisions that the AND gateugtry will be removed from the design.

Once the RTC block reset is released, the procasans the initialization process. After
the RTC stabilizes, the processor launches theofgbkie power up process by activating
thePMIC_PWR_EN signal. This starts tHEPS65217Bpower up process.

A separate signal, PMIC_PGOOQOD, holds the procassat for 20ms after all power
rails are up.

7.3.5 Voltage Rails

There are seven voltages supplied byTtR&65217B Each of these are described in the
following sections.
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7351 vDD_1V8

VDD_1V8 defaults to 1.8V on power up. Th&S65217Bcan deliver up
to 1200mA on this rail. This rail only connectstte processor and the
DDR2 memory.

7.35.2 vVDD_MPU

VDD_MPU defaults to 1.1V on power up. This voltage canchanged
under software control up to 1.25V in order to supgigher processor
frequencies. Th@PS65217Bcan deliver up to 1200mA on this rail. This
rail only connects to the processor.

7.3.5.3 VDD_CORE

VDD_CORE defaults to 1.1V on power up. This voltage shaldays
be left at 1.1V. Th&PS65217Bcan deliver up to 1200mA on this rail.
This rail only connects to the processor.

7354 VDD_3V3A

VDD _3V3A is the first of two 3.3V rails on th&dPS65217B The
TPS65217Bcan deliver up to 225mA on this rail. This raihoects to the
processor /O rail voltage, TPS65217B 1/O rail, &mel SD/MMC card.

7.355 VDD_3Vv3B
VDD_3V3B is the second of two 3.3V rails on thi#S65217B The
TPS65217B can deliver up to 225 mA on this railisTail connects to the
LAN8710, EEPROM, USB2412HUB, and FT2232.

7.3.5.6 VRTC
VRTC is the first rail to turn on during power up ascil1.8V rail. The
TPS65217B can deliver up to 100mA on this rail.sTiail connects to the
processor.

7.3.5.7 VLDO2

VLDO?2 is a 3.3V rall that drives the power LED. This ¢enturned off
via SW if a low current mode for the board, suclstasdby, is required.

&-beaglebone
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7.3.6 Power Indicator LED

The board has a single power indicator LED. Itastoolled via 3.3V VLDO2 power rail
on theTPS65217B When theTPS65217Bhas initialized and all switchers are on, the
VLDO?2 rail is activated turning on the LED. If thawvitchers are not initialized, for
example if the processor does not enable the PWRsi§ital, the LED will not turn on.
The power LED indicates that tHé&S65217Bis powered up. It is possible for the SW to
turn off this rail to conserve power.

7.3.7 Expansion 3.3V LDO
A separate LDO provides the 3.3V rail to the expambeadersFigure 13 below is the
design of the LDO.

VDD_3V3A SYS_VOLT

VDD_3V3EXP
us -
8 1
- IN  OUT %
cs X—5{NC1 NC27T—X
g EN NC3[—X
7| PAD 3 3V3EXP FB 9
|Z.7uF,6.3v oND  FB XP_FB . RI5Q . 52.3K.3%
TPS73701DRBR R1
C166 |[0.1uf,16V

30.1K,1%
DGND

DGND

Figure 13. Expansion 3.3V Regulator

U8 is aTPS73710adjustable regulator that creates the 3.3V foretkgansion bus by the
values 0ofR150 andR189 The allowable current for this rail is set300mA based on
the design of the PCB, but that depends upon tia amount of current available from
the main input supply.

7.4  Current Measurement

The BeagleBone has a method under which the cuc@mumption of the board, not
counting the USB Host port and expansion boards,beameasured. The voltage drop
across a .1 ohm resistor is measured to deterrhmeurrent consumptiorkigure 14
shows the interface to thHEPS65217Bto measure the current. The following sections
describe this circuitry in more detalil.

7.4.1 SYS 5V Connection

The SYS 5V rail is measured to determine the high side of ¢bhges resistor. The
SYS_5V rail is connected to the MUX_OUT pin. Priorbeing connected to the internal

2 beagleboard.org
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second multiplexer, the voltage is divided by 35¥A signal will result in a voltage of
1.66V at the MUX_OUT pin.

0
1%
16

To Processor

e BN

o -
{14 ]] 100 16 RE 100K, 13% BRI 100K, 1% P
~. TN - o bv‘"“

Battery— oot | r& ‘/r: B

MUX2:0]

"
o

Y
AT —

TPSEEZTTE

Figure 14. Current Measurement

7.4.2 SYS_VOLT Connection

The SYS_VOLT rail is measured to determine the high side ofswes resistor. The
SYS_VOLT rail is connected to the MUX_OUT by setting theis¢ers inside the
TPS65217B The resistor®R2 and R1 are provided to keep the same voltage divider
configuration as found in th8YS_5Vrail located internal to th€PS65217B However,

a 5V rail will give you 1.41V as opposed to the@\&ound internal to th@PS65217B
This works out to a devisor of 2.8. Be sure andkvbis into your final calculations.

7.4.3 MUX_OUT Connection

The MUX_OUT connection is divided by 2 before beaumnected to the processor. The
reason for this is that if the battery voltage @nmected, it has no voltage divider
internally. If connected it could damage the preoesWhen calculating the voltages for
either side of the resistors, that voltage is dididby 2. Be sure and include this in your
calculations.

7.4.4 Current Calculation

The calculation for the current is based on .1m\égsial to ImA. You can use the
following formula to calculate the current usingethioltage readings as read by the
processor.

(((SYS_5V*2)*3.3)-((SYS_VOLT*2)*3.54)))/.1=Total mA

>beaglebone

Page 35 of 79




REF: BBONE_SRM BeagleBone System Reference RevA4.0.4
Manual

7.5 Two Port USB HUB

In order to provide access from a single USB poitheFT2232 and the processor USB
port, a SMSAJSB2412dual port USB 2.0 HUB is provided. This device meats to the
host PC.

Figure 15is the design of the USB HUB.

USB_DC

USB_DC
= o ®
R149 USB2412 QFN28

U1l 51529
100K, 1% stream ;
Up: 22 USBDP_UP D
7
T

VBUS DET USBDP_UP [ USBDM DN D+ USB_DC
VBUS_DET USBDM_UP D-
VB,
o
) DGND [ o] mini USB-B
Dow nstream ) R152
JuseoP_DN1 " > F1OP 10 4.75K,1%
DGND 8 USBDM_DN1 P FT.DM 10
X—>9 Gcs1 7
PRTPWRL [——————<> FT.VBUS 10 77 u1e8
3'| 4 >> USBO_VBUS 4
3 A
Dow nstream2gpp oy o &> UsBo_DP 4 SN74LVC2G07DCK
E 31— 2 VDD_3V3B
X—>9 ocs2 USBDM_DN2 P USBO_DM 4 =
1 USBO_VBUS_PWR
PRTPWR2 EEE——
VoD V3B s R154 R155
. NON_REMO:1)/nc ¢ |- 10K,1%,DNI > 10K,1%,DNI
von Rew 2 NON_REM1 "7
R156 | 19 NON_REM2
100K.1% SUSP_IND/NON_REMO O

RESETn — 26 HUB BIAS _R157, 12.1K,1% R158 2 R159 TESTPTL
RESET RBIAS GND 10K,1% 100K,1%
Common VDD_3v3B
. bb
TEST 14
VDD33 |10 DGND
VDDCRREF/VDD33 DGND
_le13s 139 _[c140
ALIN/GLKIN 0.1uf,16V4. JuF 6.3V | 0.1uf 16V

VvDD33
VDD33
VDDPLLREF/VDD33

C141 C142 ——C143
0.1uf, 16V 0.1uf, 16V 0.1uf, 16V
XTALOUT

9 CRFILT

DGND DGND DGND

18pF, 50V HS IND 16 CRFILT ~/
OoO—
HS_IND behD
DEND TESTPTL
R1gL, rsvd3 15 25 PLLFILT
1% vss PLLFILT
29
VSSEFLAG) 145 C146
0.1uf,10V,DN 1uf,10V,DNI
DGND

DGND DGND

Figure 15. USB HUB Design

7.5.1 Processor USB Port

The USB connection to the host is via a mini USBirextor. The power from this
connector is connected to tAi€S65217Bto allow the board to be powered from the
USB Host port. The signal pins connect to the USEBH

7.5.2 HUB Power
The HUB is powered from the 3.3VB rail from th@S65217B The HUB will remain in

a low power mode until the USB port is connectethe TUSB2412 monitors the
VBUS_DET pin for logic high when the USB 5V supply is detatt

ﬁ beagleboard.org Page 36 of 78 &=beaglebone




REF: BBONE_SRM BeagleBone System Reference RevA4.0.4
Manual

7.5.3 Crystal and Reset

TheUSB2412uses a single 24MHZ crystal. The RESET signatlsgenerated from
the VDD_3V3B rail to an RC network.

7.5.4 FT2232H Serial Adapter

The first port of the HUB connected to tR&@2232 which handles the processor serial
port and JTAG and is described in the next secfitve DP and DM signals from the
USB2412 connect direct to tl&2232H. The FT_BUS signal is used by tR&2232H

to detect the presence of the host USB port. OmeditJB is connected to the Host, this
pin will go HI to indicate the presence of the USdt.

7.5.5 Processor USB Port

The second port of the HUB is connected to thegssar USB port 0. In order for the
port to work on the processor it must first detihet presence of 5V on théBUS pin.
The USB2412 puts out a 3.3V signal on BRTPWR2 soU16 converts that signal to a
5V logic level as required by the processor.
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7.6 FT2232H USB to Serial Adapter

The FT2232H from FTDI provides the conversion from the USB tptwr the JTAG
interface and Serial port to the processagure 16is the design of the FT2232H circuit.

Cc161 | |0.1uf, 16V DDGND
C158 | |0.1uf,16V
VDD_3V3B
1 ~~~~_2 FB6 VDD _FTVALL
{r500HMB00mA VDD_3v3B
) 1 ~~~~_2 FBPD _FTVPHY
1500HMBOOMA C147 |0.1uf 16V
1 ~~~~_2 FB8 VDD _FTREGIN 1
1500HMB00mA

C148 |[0.1uf, 16V |
1
C150 { 0.1uf,16V_}

! ! ! c151 { 0.1uf,16V |
c152 162 163 164 N
o k| ok DGND
4.7UF,6.3V 1uf,16V 0. 1uf, 16\p. 1uf, 16 vz <p| PR KPR
50 73 985 5888 VDD_3v3B
VREGIN o5 xXX 5550 T
> G000 Q
VDD 1V8FT 49 000 9999
VREGOUT 55> > | 1e F_ADBUSO R164. A0.1%
Dp ADBUSO |17 F_ADBUSL R 0,1%
ADBUSL |18 F_ADBUS R 0,1%
DGN R167, 12.1K, 1% FT_REF 6 ADBUS2 ["Tg F_ADBUS: RIGEAD.1%
REF ADBUS3 [T F_ADBUSA R 0,1%
ADBUS4
7 ADBUS5 [—3—X F_ADBUS6
9 FT_DM gg g USBDM ADBUS6 [77 RIOA Q1%
9 FT_DP USBDP ADBUS7 [—X
6 F_ADBUS5 9
ACBUSO [77 = RIGAAOL%
ACBUS1 [g—X
ACBUS2 75
ACBUS3 35X F_ADBUS7 RITLA A01%
C159 | 27pF.50V XTIN__ 2 ACBUS4
DGN OSCIN ACBUSS [33
F
ACBUS6 37— X
Y6 AcBUS7 [—X
38
)(—:'—3@-000“"”1 BDBUSO |39 >> UARTO_TX 4
50ppm BDBUS1 [0 K UARTO_RX 4
VDD_3V3B I 3 BDBUS2 [T UARTO_CTS 4
= DGNDQ 015% |r27pF'5°V XTouT 0SCco BDBUS3 |7 UARTO_RTS 4
BDBUS4 [—22—X 7
BDBUSS5 [75—X DGND
R17" FT RESETn 14 [ _____ BDBUS6 75X
R17WK 1% 5K 1% RESET BOBUSTIT T oo avas
9
Ry 0K, 1% BCBUSO [ 57X T
6 5 F_EECS 63 BCBUS1 53X
vce cs =z ~FEESK &2 EECS BCBUS2 [52—X R181
SK[3 F_EEDATA 61| EECLK BCBUS3 55X 10K, 1%,DNI
DIN [T t EEDATA BCBUS4 57X
GND DOUT - BCBUSS [58—X
N TR e i ] BCBUS6 [55—X
93LC56B_50123-6 m BOBUST < FT.VBUS 9
o
) 13
p&ND < TEST o
PWREN [——X
Rig7 Y MOK 1% — 2K.1% - PP S pmm—
DGND g ceg 222 suspEND —X
< 00006000
o] “bkbs L] FT2232LQFN64
E| =i v}

Figure 16. FT2232H Design

7.6.1 EEPROM
Ul3is a EEPROM that tell&)12 the configuration of the device and the I/O pilms.

order for the FT2232H to operate properly, thisidevnust be programmed. Using the
tools provided by FTDI makes this process straigiward.
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7.6.2 JTAG

Using a parallel I/O mode, tHeT2232H can be used to access AG signals on the
processor. At USB 2.0 speeds, the throughput iy \wyod, and should provide
connectivity to several popular debug environmémtkiding Code Composer Studio

7.6.3 Serial Port

Access tdJARTO is provided by th&T2232H via the USB port. Signals available are
TX, RX, RTS, and CTS.

7.7 256MB DDR2 Memory

The board comes standard with 256MB DDR SDRAM aunied as a single 128M x 16
device. The design will also support a single 64NMeéxdevice for 128MB of memory.
The memory size cannot be extended past 256MB. désign uses a single
MT47H128M16RT-25E:C 400MHZ memory from Micron whicomes in an 84-Ball
9.0mm x 12.5mm FBGAackageTable 4 below is the addressing configuration of the
device.

Table 4. DDR Addressing

Parameter 128 Meg x 16
Configuration 16 Meg x 16 x 8 banks
Refresh count 8K

Row address A[13:0] (16K)
Bank address BA[2:0] (8)
Column address Al9:0] (1K)

Figure 17is the functional block diagram of the DDR2 memdeyice.
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Figure 17. DDR Device Block Diagram

7.7.1 DDR 2 Design

Figure 18 below is the schematic of the DDR implementatiime memory is placed as
close to the processor as possible to minimizeuasod signal issues.

\ s \ _<< DDR_A[13..0] 3
3 M
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3 DDR_D[15..0] <4 5— DDR DO  G8 A7 [Fpg DDR_A8
——_ DDR D1 G2 |DbQO A8 [tp3 DDR_A9
—BbrR 57— H7| DOl A9 [z DDR_A10
—DDR D3 ___H3 | DQ2 Al0 [p7 DDR_AIL
DDR D4___HI | DQ3 ALL R DDR_ALZ
DDR_D5 H9 | DQ4 Al2 [frg DDR_AT3R 0,38 ~ DDR_A13
——DbR D6 FL] D5 (RFU)AL3 RIZ0
—— 5o 5—F9| DO 12 DDR_BAO < DDR_BA[2.0] 3
BOR D! Ty | bQ7 BAO (¢ DDR_BAL
DDR_D C7 | bQs BAL feTT DDR_BAZ
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Figure 18. DDR Design
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The DDR2 connects direct to the processor and termeed interface devices are required.
Power is supplied to tHeDR?2 via the 1.8V rail on th&PS65217B

7.7.2 DDR VTP Termination Resistor

There is a requirement for a 50 ohm 1% terminatesistor,R76, on the DDR interface.
You will notice that the one used on the boardgless a 50W wire wound resistor. The
reason for this is cost. This resistor can be esipenand at the time of the design, this
was the least expensive one package available h®rRév A4 design, we added two
more resistors, R217 and R218, to allow for a 0808 0805 package for applications
where space is critical and to give us more optighsre parts availability is concerned.

7.7.3 User LEDs

Four user LEDS are provided via GPIO pins on tlee@ssorFigure 19 below shows
the LED circuitry.

SYS_5V
o~

FB4

1500HM800mA VDD_LED
0104
4.7UF,6.3V R96 R97 R98 R99
470,5% 470,5% 470,5% 470,5%
DGND D2 D3 D4 D5
o \Ztg o 5%%3170-10# o \}g 2 \Ztg
£[598-8170-107F @ O[698-8170-107F a
o) o) Q —1/598-8170-107F
t t t
™ © ™
© = = =
o 1B o 2A o 2B
5 Q1A 5 |2 Q e Q s [2 Q
2 R t =-|_—EE DMC56404—% =-|_—EE DMC5640% =l-|_§_t§ DMC56404
3 USRO ﬂ-,_!—g_t: DMC56404
~ ~ ~
2 = = B
R116 =~ R11 < R118 4 <
100K,1% _, 100K,1% 100K,1% R119
100K, 1%
DGND DGND DGND
DGND DGND
DGND DGND DGND
3 USR1
3 USR2
3 USR3

Figure 19. User LEDS

Q1 andQ2 provide level shifting from the processor to dritie LEDs that are connected
theSYS_5Vrail. FB4 provides noise immunity to the system by the LE#ch can be
a source of noise back into the system rail. EaBlD Llis controlled by setting the
appropriate GPIO bit HI. At power up all LEDs aifé @able 5isthe GPIO USER LED

assignments.
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7.8

10/100 Ethernet

Table 5.

User LED Control

LED

GPIO

User 0

GPIO1_21

User 1

GPIO1_22

User 2

GPIO1_23

User 3

GPIO1 24

The 10/100 Ethernet uses a SMSC LAN8710A Etherkigt Bnd interfaces to the
processor using the Mll interface. This sectionarsuthat design.

7.8.1 Ethernet PHY Design

Figure 20 below is the design of the 10/100 PHY sectiorhefthoard.
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Figure 20. 10/100 Ethernet PHY Design

7.8.2 Processor Signal Description
TheTable 6 describes the signals between the processor andAN8710A. The BALL

column is the pin number on the processor. The $NGhame is the generic name of the
signal on the processor. The PHY column is thenpimber of the PHY.
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Table 6. Processor Ethernet Signals

SIGNAL NAME DESCRIPTION TYPE BALL PHY
gmii1_col MII Collision | H16 15
gmii1_crs MII Carrier Sense | H17 14
gmiil1_rxclk MIl Receive Clock | L18 7
gmii1_rxd0 MIl Receive Data bit 0 I M16 11
gmii1_rxd1 MIl Receive Data bit 1 | L15 10
gmii1_rxd2 MIl Receive Data bit 2 | L16 9
gmii1_rxd3 MIl Receive Data bit 3 | L17 8
gmii1_rxdv MIl Receive Data Valid | J17 26
gmiil_rxer MIl Receive Data Error | J15 13
gmii1_txclk MII Transmit Clock | K18 20
gmiil_txd0 MIl Transmit Data hit 0 0 K17 22
gmii1_txd1 MIl Transmit Data bit 1 0 K16 23
gmii1_txd2 MIl Transmit Data bit 2 0 K15 24
gmii1_txd3 MIl Transmit Data bit 3 0 J18 25
gmii1_txen MII Transmit Enable 0 J16 21

MDC MDIO Clock O M18 17

MDIO MDIO Data 1/O M17 16

7.8.3 Clocking Mode

The LAN8710A provides the clock to the processod @ generated by the onboard
25MHz crystal Y4. There are independent clocks for the transmitnicbl MII
Transmit Clock) and for the receive chann®lil Receive clock).

7.8.4 PHY Mode

The PHY operates in the 10/100 mode with auto nagoh enabled. This is set via the

resistors as described kigure 21 which are sampled by the PHY when coming out of
reset. It is possible for SW to override this settif required by setting these bits via the
MDIO channel.
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Figure 21. 10/100 Ethernet PHY Default Settings

By adding pull up or pull down resistors, the détfanode of the PHY can be set via HW.
Seven pairs of resistors are provided on the btmasét the mode.

PinsMODEO-1 set the operating mode of the PHY. Default mod&li$ as set by the
populating 0fR122-124 This enables all operating modes and auto negwtia

PHYADO-2 sets the default address of the PHY. Populd&hg4-R126set the default of
0. It is not expected to be set to anything othantthis, but the other option was enabled
just in case.

RMIISEL sets the mode to RMII iR211 is installed. Mll is the default mode used in
this design, s&k212 needs to be installed aR211is not to be installed.

7.8.5 MDIO Interface

The MDIO interface is the control channel interfdoetween the processor and the

LAN8710A. Via this interface all of the internal PHY re@st can be read and set by the
processor and important status information carebd.r
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7.8.6 PHY Reset
The PHY reset signal is connected to the main boeget and is reset on power up.
7.8.7 Status LEDs

They Ethernet connector has a Yellow and Green LHi2. Green LED will be on when
a link is established. It flashes off when dataassferred.

The Yellow status LED will work differently for résion A3 and A4.
A3...The Yellow LED is OFF when the link is 100M a@t when it is 10M.
A4...The Yellow LED is ON when the link is 100M andFPwhen it is 10M.
7.8.8 Power

The PHY is powered via the 3.3VB rail from tA€S65217B A filter is provided
between the 3.3VB rail and the PHY. The internalQ.» used to power the internal
rails.

7.9 USB Host

A single USB Host port is provided on the boardisltdriven by USB port 1 of the
processor. The port can deliver up to 500mA of entriprovided that much current is
available from the power supply. In the scenari@relthe board is totally powered from
the USB input, the power supplied will be much lasd dependent on how much current
is available after driving the board and any daegbards that may be attached.

7.9.1 USB Host design

The boardchas a single USB host connector accessibl@2ia type A female connector.
Figure 22 below is the USB Host design.

P2
USB-A Conn. - 87520-xx1xx

5

US  sHiELD
USB1_DM b
USB1_DP 6
USB1_ID GD s D
SYS_5v ;
Us DGND

8

IN ouT >» USB1_VBUS 4
IN OUTH 1

EN QUT ™5 R146 U10
g 1

GND OC VDD_3V3B 9
PAD T 0.1%

[ C134
R147 —C133 TPS2051 (DGN) 2 0.01uf, 16V

10K, 19400uF .3V b-
R148 3 Ne

10K,1% DGND x 1D
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DGND TPD4S012

o
g

FNENEN

[EENFAINY

4 USB1_DRVVBUS ),
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= %en

DGND

DGND

<» usei_oc 3

Figure 22. USB Host Design
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The USB port on the processor is an OTG port. lkeprto force the host function
needed, the ID pinJSB_ID, is grounded permanently IR146.

U9, aTPS2051,is the power switch that controls the 5VDC to B port. It is turned
on by the processor vi&JSB1 DRVVBUS signal. The USB1 VBUS signal is a
confirmation back to the processor that the swigchctivated and that 5V is connected to
the USB Host connector.

In the event of an over current condition, the slwiwill signal the processor of the event,
viaUSB1_OC and the switch will shut dowiR148is a pullup to provide the HI voltage
level because th®C signal onU9 is an open drain pinC133 provides extra current
when devices are inserted into the connector peiUBB specification. The amount of
current the switch can provide is limited by thaitable current from the main power
source. In order to handle high current devices, iy@ed to power the board from the DC
input connector and not USB. Powering from USB ggnmost cases, supply enough
current to run a thumbdrive or low current device.

U10is an ESD protection device intended to proteetdiocessor.

7.10 SD Connector

The board is populated with a microSD small forrtda SD slot. It will support High
capacity cards. The voltage rail for the connet$d8.3VA. A card detector output is

provided from the connector to the CD/EMUA4 sigragure 23 shows the connections
to the microSD connector.

VDD_3V3

l(_:lsg
Sz |18 8 | [8 C160
§§§§§ = LOuF, 10V 0.1uf, 16V
DGND
TR RERIE R
S SRR
X X X X X X
o o o o o o 4
SRR IEIEE 1 9
3 MMCOiDATzé > DAT2 GND W—DDGND sp cD VoD 33
MMCO_DAT3 3| CD/DAT3 CD [T o VDD _
3 MMCO_CMD, 2w oND3 | R196 ¥ OK 1%
5 VDD GND4 13
3 MMCO_CLKO 5 CLOCK GNDS [17 R197
7 vss GND6 5
3 MMCO_DATO g DATO . @ND7 6
3 MMCO_DATL paTLMicroSinps 1%
SCHAB5B0200 /77

=0 USD Connector

10,4 co/emus &

Figure 23. SD Connector Design

There are pullup resistors on all the signals tovigle additional drive strength and to
increase the rise time of the signals. T®B_CD is the signal that indicates to the
processor that the card is inserted. The signal e®ntact point on the connector and
R196 provides the logic hi signal that is grounded wha there is no card inserted.
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When the card is inserted, the signal will go high97is provided as an option to allow
this signal to be removed from the processor ferastheeEMU 4 signal by the optional
JTAG connector.

The connector is located on the bottom side obtberd and the card should be inserted
with the label side up and the contact pins dowhisTconnector is a Push-Push
connector. To insert the card push the card in itrtlicks and then release. To remove
the card, push the card in and the connector alidlase the card and eject the card.

WARNING: DO NOT PULL THE CARD OUT TO
REMOVE IT OR YOU MAY DAMAGE THE
CONNECTOR.

7.11 EEPROM

The BeagleBone is equipped with a single CAT24C2968¥PROM to allow the SW to
identify the boardTable 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 ASCII: A335BONE
Version 4 Hardware version code for board in ASCII:00A3
Serial Number 12 Serial number of the board. Thiss a 12 character string which is:
WWYY4P16nnnn

where: WW = 2 digit week of the year of production
YY = 2 digit year of production
nnnn = incrementing board number

Configuration 32 Codes to show the configuration setup on this bed.
Option 0000000000000000000000000000000
RSVD 6 000000
RSVD 6 000000
RSVD 6 000000

Available 32702 Available space for other non-voldée codes/data

Figure 24is the design of the EEPROM circuit.
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Figure 24. EEPROM Design

The EEPROM is accessed by the processor using2tbedlbus. The EEPROM is not
write protectedR21 if installed would invoke the write protection. @&VP pin has an
internal pulldown on it so that if removed the @Brgrounded.

The first 48 locations should not be written toydu choose to use the extras storage
space in the EEPROM. If you do, it could prevet board from booting properly as the
SW uses this information to determine how to sethepboard.

7.12 ADC Interface

The processor has 8 ADC (Analog to Digital) coneemputs. The signals are 1.8V only
interfaces. One of these, AD7, is connected toTtR865217Band used for measuring
voltages and current via tié*S65217B

7.12.1 ADC Inputs

The primary purpose of the ADC pins was intendadufe as a Touchscreen controller
but can be used as a general purpose ADC. Eachl $sga 12b successive approximation
register (SAR) ADC. Sample rate is 00K samplesseeond. There is only one ADC in
the processor and it can be connected to any @& &ieC pins.

7.12.2 VDD_ADC Interface

The signal VDD_ADC is provided via the expansiomadier, but is not a voltage rail that
is to be used to power anything on an expansiordbdtas supplied from the 1.8V rail of
the TPS65217Band is run through an inductor for noise isolatithns there if need for
external circuitry to have access to the VREF ddilthe ADC or to add additional
filtering via a capacitor if needed.
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7.13 Expansion Headers

The expansion interface on the board is compri¢éd®46 pin connectors. All signals
on the expansion headers 8r8V unless otherwise indicated.

NOTE: Do not connect 5V logic level signals to thespins or the board will be
damaged.

7.13.1 Expansion Header P8

Table 8 shows the default pinout of tHe8 expansion header. Other signals can be
connected to this connector based on setting thenpix on the processor, but this is the
default settings on power up. The SW is respondiimesetting the default function of
each pin.

Table 8. Expansion Header P8 Pinout

SIGNAL NAME PROC CONN PROC SIGNAL NAME
GND 1 2 GND
GPIO1_6 R9 3 4 T9 GPIO1_7
GPIO1_2 RS 5 6 T8 GPIO1_3
TIMER4 R7 7 8 T7 TIMER7
TIMERS T6 9 10 U6 TIMER6
GPI01_13 R12 11 12 T12 GPIO1_12
EHRPWM?2B T10 13 14 T11 GPIO0_26
GPIO1_15 u13 15 16 V13 GPIO1_14
GPI00_27 u12 17 18 V12 GPIO2_1
EHRPWM2A u1o0 19 20 V9 GPIO1_31
GPIO1_30 u9 21 22 V8 GPIO1_5
GPIO1_4 us 23 24 V7 GPIO1_1
GPIO1_0 u7 25 26 V6 GPIO1_29
GP102_22 U5 27 28 V5 GPl02_24
GP102_23 R5 29 30 R6 GP102_25
UART5_CTSN V4 31 32 T5 UARTS_RTSN
UART4_RTSN V3 33 34 U4 UART3_RTSN
UART4_CTSN V2 35 36 U3 UART3_CTSN
UART5_TXD U1 37 38 U2 UART5_RXD
GP102_12 T3 39 40 T4 GP102_13
GP102_10 T1 41 42 T2 GPl02_11
GPI0O2_8 R3 43 44 R4 GPI02_9
GPIO2_6 R1 45 46 R2 GPIO2_7
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7.13.2 P8 Signal Pin Mux Options

Table 9 shows the other signals that can be connectealcto @n ofP8 based on the
settings of the registers in the processor for rm@da.

Table 9. P8 Mux Options Modes 0-3
PIN | PROC NAME MODEOQ MODE1 MODE2 MODE3
1 GND
2 GND
3 R9 GPIO1_6 gpmc_ad6 mmc1_dat6
4 T9 GPIO1_7 gpmc_ad7 mmc1_dat7
5 R8 GPIO1_2 gpmc_ad2 mmc1_dat2
6 T8 GPIO1_3 gpmc_ad3 mmc1_dat6
7 R7 TIMER4 gpmc_advn_ale timer4
8 T7 TIMER? gpmc_oen_ren timer7
9 T6 TIMERS gpmc_beOn_cle timer5
10 ué TIMERG gpmc_wen timer6
11 R12 GPIO1_13 gpmc_ad13 Icd_data18 mmc1_dat5 mmc2_dat1
12 T12 GPIO1_12 GPMC_AD12 LCD_DATA19 MMC1_DAT4 MMC2_DATO
13 T10 EHRPWM2B gpmc_ad9 Icd_data22 mmci_dati mmc2_dat5
14 T11 GPI00_26 gpmc_ad10 Icd_data21 mmc1_dat2 mmc2_dat6
15 U13 GPIO1_15 gpmc_ad15 Icd_data16 mmc1_dat7 mmc2_dat3
16 V13 GPIO1_14 gpmc_ad14 Icd_data17 mmc1_dat6 mmc2_dat2
17 u12 GPIO0_27 gpmc_ad11 Icd_data20 mmc1_dat3 mmc2_dat7
18 V12 GP102_1 gpmc_clk_mux0 | lcd_memory_clk gpmc_wait1 mmc2_clk
19 u10 EHRPWM2A gpmc_ads lcd_data23 mmc1_dat0 mmc2_dat4
20 V9 GPIO1_31 gpmc_csn2 gpmc_be1n mmci_cmd
21 U9 GPIO1_30 gpmc_csn1 gpmc_clk mmci_clk
22 V8 GPIO1_5 gpmc_ad5 mmc1_datb
23 us GPIO1_4 gpmc_ad4 mmc1_dat3
24 V7 GPIO1_1 gpmc_ad1 mmc1_dat1
25 U7 GPIO1.0 gpmc_ad0 mmc1_dat0
26 V6 GPIO1_29 gpmc_csn0
27 U5 GPI02_22 lcd_vsync gpmc_a8
28 V5 GPI02_24 lcd_pclk gpmc_al0
29 R5 GPI02_23 Icd_hsync gpmc_a9d
30 R6 GPI02_25 Icd_ac_bias_en gpmc_alt
31 V4 UART5_CTSN Icd_data14 gpmc_al8 eQEP1_index mcasp0_axr1
32 15 UART5_RTSN Icd_data15 gpme_al9 eQEP1_strobe mcasp0_ahclkx
33 V3 UART4_RTSN lcd_data13 gpmc_al7 eQEP1B_in mcaspQ_fsr
34 U4 UART3_RTSN Icd_datai1 gpme_alb ehrpwm1B mcasp0_ahclkr
35 V2 UART4_CTSN lcd_data12 gpmc_al6 eQEP1A_in mcasp0_aclkr
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PIN | PROC NAME MODEO MODE1 MODE2 MODE3
36 U3 UART3_CTSN | lcd_data10 gpmc_al4 ehrpwm1A mcasp0_axr0
37 U1 UART5_TXD Icd_data8 gpme_al2 ehrpwm1_tripzone_in mcasp0_aclkx
38 U2 UART5_RXD Icd_data9 gpmc_al3 ehrpwm0_synco mcasp0_fsx
39 T3 GPI02_12 Icd_data6 gpmc_ab eQEP2_index
40 T4 GPI02_13 Icd_data7 gpmc_a7 eQEP2_strobe
41 T GPI02_10 lcd_data4 gpmc_a4 eQEP2A_in
42 T2 GPIO2_11 Icd_data5 gpmc_ab eQEP2B_in
43 R3 GPI102_8 Icd_data? gpmc_a2 ehrpwm2_tripzone_in
44 R4 GPI102_9 Icd_data3 gpmc_a3 ehrpwm0_synco
45 R1 GPIO2_6 Icd_data0 gpmc_a0 ehrpwm2A
46 R2 GPI102_7 Icd_datat gpmc_ail ehrpwm2B

There are some signals that have not been listed. Heefer to the processor
documentation for more information on these pind detailed descriptions of all of the
pins listed. In some cases there may not be ensigghls to complete a group of signals
that may be required to implement a total interface

The PROC column is the pin number on the processor.

ThePIN column is the pin number on the expansion header.

The MODE columns are the mode setting for each pin. Setdaah mode to align with
the mode column will give that function on that.pin
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Table 10shows the othdP8 signals for modes 4-7.

Table 10. P8 Mux Options Modes 4-7
PIN | PROC NAME MODE4 MODE5 MODE6 MODE?7
1 GND
2 GND
3 R9 GPIO1_6 gpio1[6]
4 T9 GPIO1_7 gpiol[7]
5 R8 GPIO1_2 gpio1[2]
6 T8 GPIO1_3 gpio1[3]
7 R7 TIMER4 gpio2[2]
8 T7 TIMER7 gpio2[3]
9 T6 TIMERS gpio2[5]
10 U6 TIMER6 gpio2[4]
11 R12 GPIO1_13 eQEP2B_in gpio1[13]
12 | T12 GPIO1_12 EQEP2A_IN gpio1[12]
13 | T10 EHRPWM2B ehrpwm2B gpio0[23]
14 | T11 GPIO0_26 ehrpwm2_tripzone_in gpio0[26]
15 | U13 GPIO1_15 eQEP2_strobe gpio1[15]
16 | V13 GPIO1_14 eQEP2_index gpio1[14]
17 | U12 GP100_27 ehrpwm0_synco gpio0[27]
18 | V12 GPIO2_1 mcasp0_fsr | gpio2[1]
19 | Ut0 | EHRPWM2A ehrpwm?2A gpio0[22]
20 V9 GPI01_31 gpio1[31]
21 U9 GPI01_30 gpio1[30]
22 V8 GPIO1_5 gpio1[5]
23 us GPIO1_4 gpioi[4]
24 V7 GPIO1_1 gpio1[1]
25 U7 GPIO1_0 gpio1[0]
26 V6 GPI01_29 gpio1[29]
27 U5 GPI02_22 gpio2[22]
28 V5 GP102_24 gpio2[24]
29 R5 GP102_23 gpio2[23]
30 R6 GP102_25 gpio2[25]
31 V4 UART5_CTSN uart5_rxd uarts_ctsn | gpio0[10]
32 T5 UART5_RTSN mcasp0_axr3 uart5_rtsn | gpioQ[11]
33 V3 UART4_RTSN mcasp0_axr3 uart4_rtsn gpio0[9]
34 U4 UART3_RTSN mcasp0_axr2 uart3_rtsn | gpio2[17]
35 V2 UART4_CTSN mcasp0_axr2 uart4_ctsn | gpio0[8]
36 U3 | UART3_CTSN uart3_ctsn | gpio2[16]
37 U1 UART5_TXD uart5_txd uart2_ctsn | gpio2[14]
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PIN | PROC NAME MODE4 MODE5 MODE6 MODE7
38 U2 | UART5_RXD uart5_rxd uart2_rtsn gpio2[15]
39 T3 GPI02_12 gpio2[12]
40 T4 GPI02_13 pri_edio_data_out7 gpio2[13]
4 T1 GP102_10 gpio2[10]
2| T2 GPI02_11 gpio2[11]
43 R3 GPI02_8 gpio2[8]
44 R4 GPI02_9 gpio2[9]
45 R1 GPI02_6 gpio2[6]
46 R2 GPI02_7 gpio2[7]

There are some signals that have not been listed. Heefer to the processor
documentation for more information on these pind detailed descriptions of all of the
pins listed. In some cases there may not be ensigghals to complete a group of signals
that may be required to implement a total interface

The PROC column is the pin number on the processor.

ThePIN column is the pin number on the expansion header.

The MODE columns are the mode setting for each pin. Sedawh mode to align with
the mode column will give that function on that.pin
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7.13.3 Expansion Header P9

Table 11 lists the signals on connect®9. Other signals can be connected to this
connector based on setting the pin mux on the pemcebut this is the default settings on
power up. Signals highlighted in yellow are chanfyesn the previous revision of the
SRM.

Table 11. Expansion Header P9 Pinout

SIGNAL NAME PIN CONN PIN SIGNAL NAME
GND 1 2 GND
VDD_3V3EXP | 3 4 VDD_3V3EXP
VDD_5V 5 6 VDD_5V
SYS_5V 7 8 SYS_5V
PWR_BUT* 9 10 Al10 SYS_RESETn
UART4_RXD T17 11 12 (UNE:] GPIO1_28
UART4_TXD u17 13 14 ul4 EHRPWM1A
GPIO1_16 R13 15 16 T14 EHRPWM1B
12C1_SCL Al6 17 18 B16 12C1_SDA
12C2_SCL D17 19 20 D18 12C2_SDA
UART2_TXD B17 21 22 Al7 UART2_RXD
GPI01_17 V14 23 24 D15 UART1_TXD
GPIO3_21 Al4 25 26 D16 UART1_RXD
GP103_19 C13 27 28 C12 SPI1_CSO
SPI1_DO B13 29 30 D12 SPI1_D1
SPI1_SCLK A13 31 32 | vDD_ADC(1.8V)
AIN4 C8 33 34 GNDA_ADC
AIN6 A5 35 36 A5 AINS5
AIN2 B7 37 38 A7 AIN3
AINO B6 39 40 c7 AIN1
CLKOUT2 D14 41 42 C18 GP100_7
GND 43 44 GND
GND 45 46 GND

*PWR_BUT is a 5V level as pulled up internally by fThPS65217B. It is activated by
pulling the signal to GND.
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71331

Connector P9 Signal Pin Mux Options

Table 12gives the pin mux options for the signals for aaetorP9 for modes 0-3.

Table 12. P9 Mux Options Modes 0-3
PIN | PROC | SIGNAL NAME MODEO MODE1 MODE2 MODE3
1 GND
2 GND
3 DC 3.3V
4 DC_3.3V
5 VDD_5V
6 VDD_5V
7 SYS 5V
8 SYS 5V
9 PWR_BUT
10 A10 SYS_RESETn RESET_OUT
11 T17 UART4_RXD gpmc_wait0 mii2_crs gpmc_csn4 rmii2_crs_dv
12 u18 GPIO1_28 gpmc_belin mii2_col gpmc_csn6 mmc2_dat3
13 U7 UART4_TXD gpmc_wpn mii2_rxerr gpmc_csn5 rmii2_rxerr
14 U14 EHRPWM1A gpmc_a2 mii2_txd3 rgmii2_td3 mmc2_dat1
15 R13 GPIO1_16 gpmc_a0 gmii2_txen rmii2_tctl mii2_txen
16 T14 EHRPWM1B gpmc_a3 mii2_txd2 rgmii2_td2 mmc2_dat2
17 A16 12C1_SCL spi0_cs0 mmc2_sdwp 12C1_SCL ehrpwm0_synci
18 B16 12C1_SDA spi0_d1 mmci_sdwp 12C1_SDA ehrpwm0Q_tripzone
19 D17 12C2_SCL uart1_rtsn timer5 dcan0_rx [2C2_SCL
20 D18 [2C2_SDA uart1_ctsn timer6 dcan0_tx 12C2_SDA
21 B17 UART2_TXD spi0_do uart2_txd [2C2_SCL ehrpwm0B
22 A17 UART2_RXD spi0_sclk uart2_rxd 12C2_SDA ehrpwmOA
23 V14 GPIO1_17 gpmc_ail gmii2_rxdv rgmii2_rxdv mmc2_dat0
24 D15 UART1_TXD uart1_txd mmc2_sdwp dcani_rx 12C1_SCL
25 Al4 GPIO3_21 mcasp0_ahclkx eQEPQ_strobe mcasp0_axr3 mcasp1_axri
26 D16 UART1_RXD uart1_rxd mmci_sdwp deani_tx 12C1_SDA
27 C13 GPIO3_19 mcasp0_fsr eQEPOB_in mcasp0_axr3 mcaspi_fsx
28 C12 SPI1_CS0 mcasp0_ahclkr ehrpwm0_synci mcasp0_axr2 spi1_cs0
29 B13 SPI1_D0 mcasp0_fsx ehrpwmOB spi1_do0
30 D12 SPI1_D1 mcasp0_axr0 ehrpwm0_tripzone spi1_d1
31 A13 SPI1_SCLK mcasp0_aclkx ehrpwmOA spi1_sclk
32 VADC
33 C8 AIN4
34 AGND
35 A5 AIN6
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SIGNAL

PIN PROC NAME MODEO MODE1 MODE2 MODE3
36 A5 AINS5

37 B7 AIN2

38 A7 AIN3

39 B6 AINO

40 C7 AIN1

41 D14 CLKOUT2 xdma_event_intrl tclkin clkout2

c18 GPIO0_7 | €CAPO_in_PWMO_ prl_ecap0_ecap_cap

42 B out uart3_txd spil_csl in_apwm_o
43 GND

a4 GND

45 GND

6 GND

There are some signals that have not been listed. Heefer to the processor
documentation for more information on these pind detailed descriptions of all of the
pins listed. In some cases there may not be ensigghals to complete a group of signals
that may be required to implement a total interface

The PROC column is the pin number on the processor.

ThePIN column is the pin number on the expansion header.

The MODE columns are the mode setting for each pin. Sedawh mode to align with
the mode column will give that function on that.pin
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Table 13gives the pin mux options for the signals for aeetorP9 for modes 4-7.

Table 13. P9 Mux Options Modes 4-7
PIN | PROC | SIGNAL NAME MODE4 MODE5 MODE6 MODE?7
1 GND
2 GND
3 DC_3.3V
4 DC_3.3V
5 VDD_5V
6 VDD_5V
7 SYS 5V
8 SYS_5V
9 PWR_BUT
10 | A10 SYS_RESETn
11 T17 UART4_RXD mmci_sdcd uart4_rxd_mux2 gpio0[30]
12 U18 GPIO1_28 gpmc_dir mcasp0_aclkr_mux3 gpio1[28]
13 ut7 UART4_TXD mmc2_sdcd uart4_txd_mux2 gpio0[31]
14 Ut4 EHRPWM1A gpmc_ai8 ehrpwmiA_muxi gpio1[18]
15 R13 GPIO1_16 gpmc_ai6 ehrpwm1_tripzone_input | gpio1[16]
16 T14 EHRPWM1B gpme_ai9 ehrpwm1B_mux1 gpio1[19]
17 A16 12C1_SCL gpioQ[5]
18 | B16 [2C1_SDA gpio0[4]
19 D17 [2C2_SCL spi1_cs1 gpio0[13]
20 D18 12C2_SDA spi1_cs0 gpio0[12]
21 B17 UART2_TXD EMU3_muxi1 gpio0[3]
22 | A7 UART2_RXD EMU2_mux1 gpio0[2]
23 V14 GPIO1_17 gpme_al7 ehrpwm0_synco gpiol[17]
24 | D15 UART1_TXD gpio0[15]
25 | A4 GPIO3_21 EMU4_mux2 gpio3[21]
26 | D16 UART1_RXD gpio0[14]
27 | C13 GPIO3_19 EMU2_mux2 gpio3[19]
28 C12 SPI1_CS0 eCAP2_in_PWM2_out gpio3[17]
29 B13 SPI1_DO mmci_sdcd_mux1 gpio3[15]
30 D12 SPI1_D1 mmc2_sdcd_mux1 gpio3[16]
31 A13 SPI1_SCLK mmc0_sdcd_muxi gpio3[14]
32 VDD_ADC (1.8V_
33 C8 AIN4
34 GNDA_ADC
35 A5 AIN6

ﬁ beagleboard.org

Page 58 of 79

&>beaglebone




REF. BBONE_SRM BeagleBone System Reference RevA4.0.4
Manual
PIN | PROC | SIGNAL NAME MODE4 MODE5 MODES6 MODE7
36 A5 AIN5
37 B7 AIN2
38 A7 AIN3
39 B6 AINO
40 Cc7 AIN1
41 | D14 CLKOUT2 | timer7_mux1 EMU3_mux0 | gpio0[20]
42 c18 GPI00_7 spi1_sclk mmc0_sdwp | xdma_event_intr2 | gpio0_7
43 GND
44 GND
45 GND
46 GND

There are some signals that have not been listed. Heefer to the processor
documentation for more information on these pind detailed descriptions of all of the
pins listed. In some cases there may not be ensigghals to complete a group of signals
that may be required to implement a total interface

The PROC column is the pin number on the processor.

ThePIN column is the pin number on the expansion header.
The MODE columns are the mode setting for each pin. Setdawh mode to align with
the mode column will give that function on that.pin
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7.13.4 PMIC Expansion Header

There is an additional connector that brings ounescadditional signals from the
TPS65217Bpower management chipigure 25 shows the PMIC expansion connector.

P6

—
BAT 2 1 BAT
BAT TEMP 4 3 BAT SENSE
BL_ISETL 5 5 BLISEIZ
BL_IN B8 7 BL OUT
BL_SINKZ 10 9 BL _SINKL
-

HDR5x2

Figure 25. Expansion Board EEPROM

7.13.5 Backlight Interface

The most useful interface provided is the backligiterface which is very useful for
powering the backlight of LCD panels. The Backlightuit is a boost converter and two
current sinks capable of driving up to 2x10 LED2%amA or a single string at 50mA of
current. Two current levels can be programmed ugdimg external resistors and
brightness dimming is supported by an internal P\&ilyhal under 12C control. Both
current sources are controlled together and caopetate independently. The boost
output voltage is internally limited to 39V. LED rcant is selected through the ISEL bit
of the same register as is the PWM frequency. Bgule the PWM frequency is set to
200Hz but can be changed to 100Hz, 500Hz, and 1800ke PWM duty cycle can be
adjusted from 1% to 100% in 1% steps through theE®CTRL2 register. If only a
single WLED string is required, short both ISINKnhpitogether and connect them to the
Cathode of the diode string. Note that the LED enirrin this case is doubled and to
compensate, the RSET resistors must be double@lag-wure 26 below shows the two
different circuits.

L4 [ avE k4 l_; L o I
— Lro_wiep ' 3 ¥ o, WwLED _ !h
CONTROL ‘HIFJ_ ;ﬁ f% 37"\'!__ ;\
TP L
Lisinki TaTY Lisinica T
TISINK2 TISINK2

Figure 26. Backlight Circuitry
For more information on working with this interfacefer to theTPS65217Bdatasheet.
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7.13.6 Battery Interface

There is also a battery charger interface. Thisrfate can be used by anyone wanting to
experiment with batteries and battery charging. E\mv, as a source for powering the
BeagleBone, this interface is not practical. Thasom for this is that the maximum
battery voltage is 3.7V. The LDOs on thBeS65217Bare 400mv, meaning that the 3.3V
LDOS cannot supply the needed 3.3V after the batéarts discharging. You would
need a boost converter to take the VDD_SYS radttieast a constant 3.7V to keep the
LDOs active.

Figure 27 shows the battery circuitry inside theS65217B

Q & SYS
5 na
(>
(0]
) _é Y _L
P =
Lin Charger & — BAT Single cell
Power Path J 5o I—E_I Li+ Battery
MGMT - I o /T-— I—-|||

BAT_SENSE 10uF

TS
TEMP SENSE 1 I[ ; }—|I'

Figure 27. Battery Circuitry
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8.0 Cape Board Support

The BeagleBone has the ability to accept up to égoransion boards or Capes that can
be stacked onto the expansion headers. The woreé Cames from the shape of the
board as it is fitted around the Ethernet conneatothe main board. This notch acts as a
key to insure proper orientation of the expansioart.

This section describes the rules for creating Cdpdgasure proper operation with the
BeagleBone and proper interoperability with othap€s that are intended to co-exist on
with the Cape.

Over time, this specification will change and bedaged, so please refer to the latest
version of this manual prior to designing your oexpansion cards to get the latest
information.

8.1 EEPROM

Each Cape must have its own EEPROM containing mm&dion that will allow the SW to
identify the board and to configure the expansi@aders pins as needed. The one
exception is proto boards intended for prototypiipey may or may not have an
EEPROM on them. EEPROMSs are required for all Cayodd in order for them operate
correctly when plugged into the Beagle Bone.

The address of the EEPROM will be set via eithengars or a dipswitch on each
expansion boardrigure 28 below is the design of the EEPROM circuit.

VvDD_3V3

R22

R221
R142
R138
R128

SN\
(Te](Te)
o Xl VDD_3V3
5|6 ~|~|N u1s
246 > [To]1Te] < 6 8 T
4, 12C2_SCL 5 SCL VCC ~
2,4
46 1202 DA & P~ SDA , C130
= Swi1 A0 1 &S = OluF
E— SWI AL 2 A0
I SWI A3 31 AL 7
= A2 wp —X DEND
SW DIP-2 CAT24C256W

DGND

Figure 28. Expansion Board EEPROM
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The EEPROM used is the same one as is used oneihgléBone, a CAT24C256. The
CAT24C256 is a 256 kb Serial CMOS EEPROM, integnaliganized as 32,768 words
of 8 bits each. It features a 64-byte page writdebiand supports the Standard (100
kHz), Fast (400 kHz) and Fast-Plus (1 MHZ} protocol. The addressing of this device
requires to bytes for the address which is not umedmaller size EEPROMSs. Other
compatible devices may be used. Make sure the eleyou select supports 16 bit
addressing. The package used is at the discretithre €ape designer.

8.1.1 EEPROM Address

In order for each Cape to have a unique addrelssaa ID scheme is used that sets the
address to be different depending on the orderhiciwit is stacked onto the main board.
A two position dipswitch or jumpers is used to thet address pins of the EEPROM. It is
the responsibility of the user to set the propeatrass for each board. Address line A2 is
always tied high. This sets the allowable addrasge for the expansion cardsOxb4 to
0x57. All other 12C addresses can be used by the astrel design of their Capes. But,
these addresses must not be used other than fooénd EEPROM information.

8.1.2 12C Bus

The EEPROMSs on each expansion board is connect@€th For this reason 12C2 must
always be left connected and should not be chatye&W to remove it from the

expansion header pin mux. The 12C signals requieup resistors. Each board must
have a 5.6K resistor on these signals. With fowisters this will be an affective

resistance of 1.4K if all Capes were installed.
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8.1.3 EEPROM Data Format

Table 14below shows the format of the contents of the egjpa board EEPROM.

NOTE: THIS SECTION MAY CHANGE AND IS YET TO BE COMP LETELY

DEFINED.

Table 14. Expansion Board EEPROM

Offset Size
Name Contents
(bytes)
Header 0 4 OxAA, 0x55, 0x33, OXEE
EEPROM Format 4 2 Revision number of the overall format of this EPROM in ASCII =A0
Revision
Board Name 6 32 Name of board in ASCII
Version 38 4 Hardware version code for board in ASC
Manufacturer 42 16 ASCII name of the manufacturer
Part Number 60 16 ASCII Characters for the part nurrber
Number of Pins 74 2 Number of pins used by the dahger board
Serial number of the board. This is a 12 charactestring which is:
WWYY4P13nnnn
Serial Number 76 12 where: WW = 2 digit week of the year of production
YY = 2 digit year of production
nnnn = incrementing board number
Two bytes for each configurable 74 pins on the expaion connectors
88 148 Bit 15............ Pinis used or not............... 0=Unused by @& 1=Used by Cape
Pin Usage Bit 14-13......... Pin Direction........ 1 0=Output 01=Input 11=BDIR
Bits 12-7......... Reserved
Bit6............. Slew Rate 0=Fast 1=Slow
Bit5............. Rx Enable.....0=Disabled 1=Enabled
Bit4............. Pull Up/Dn Select....0=Pulldown 1=PullUp
Bit3.......ce.ee Pull Up/DN enabled.....0=Enabled 1=Disabk
Bits 2-0 ......... Mux Mode Selection....Mode 0-7
VDD_3V3EXP Current 236 2 Maximum current in milliamps
VDD_5V Current 238 2 Maximum current in milliamps
SYS_5V Current 240 2 Maximum current in milliamps
. Indicates whether or not the board is supplying vdbge on the VDD_5V rail and
DC Supplied 242 2 the current rating 000=No 1-OxFFFF is the current applied
Available 244 32543 Available space for other nonelatile codes/data
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8.1.4 Pin Usage

Table 15is the locations in the EEPROM to set the I/Oymage for the Cape. The table
is left blank as a convenience and can be printédiod used as a template for creating a
custom setting for each Cape. The 16 bit integedsall 16 bit fields are to be stored in
big endian format.

Bit 15 PIN USAGEis an indicator and should bé. & the pin is used ad if it is
unused.

Bits 14-7 RSERVEDiIs not to be used and left @s

Bit 6 SLEW CONTROL O=Fast1=Slow

Bit 5 RX Enabled O=Disabled 1=Enabled

Bit4 PU/PDO=Pulldown1=Pullup.

Bit 3 PULLUP/DN 0=Pullup/pulldown enabled = Pullup/pulldown disabled
Bit2-0  MUX MODE SELECT Mode 0-7. Refer to TRM for proper settings

The AINO-6 pins do not have a pin mux setting, but they rtedzk set to indicate if each
of the pins is used on the Cape. Only bit 15 igluse

Table 15. EEPROM Pin Usage

15 (14|13 12 |11|10|9 |[8(7|(6(5(4(3 |2 | 1 | O

P

s| |P]u

off Pin L|R /
- Conn Name e Type Reserved Elx| b Mux Mode

P
w D E
N

88 P9-22 | UART2_RXD
90 P9-21| UART2_TXD
92 P9-18| 12C1_SDA
94 P9-17| 12C1_SCL
96 P9-42 GPI00_7
98 P8-35| UART4_CTSN
100 | P8-33| UART4_RTSN
102 | P8-31| UART5_CTSN
104 | P8-32| UART5_RTSN
106 | P9-19| [2C2_SCL
108 | P9-20| 12C2_SDA
110 | P9-26| UART1_RXD
112 | P9-24| UART1_TXD
114 | P9-41| CLKOUT2
116 | P8-19| EHRPWM2A
118 | P8-13| EHRPWM2B
120 | P8-14| GPIO0_26
122 | P8-17| GPIO0_27
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15 (14 (13| 12 |11 10| 9 6(5(4|3|{2| 1| O
P
S E U
Sef: Conn Name U::;e Type Reserved :; )F: ; l/) Mux Mode
W D E
N
124 P9-11| UART4_RXD
126 P9-13| UART4_TXD
128 P8-25 GPIO1_0
130 | P8-24| GPIO1_1
132 | P85 GPIO1_2
134 P8-6 GPIO1_3
136 | P8-23| GPIO1_4
138 | P8-22| GPIO1_5
140 P8-3 GPIO1_6
142 | P84 GPIO1_7
144 P8-12| GPIO1_12
146 P8-11 GPIO1_13
148 | P8-16| GPIO1_14
150 | P8-15| GPIO1_15
152 P9-15 GPIO1_16
154 | P9-23| GPIO1_17
156 P9-14| EHRPWM1A
158 P9-16| EHRPWM1B
160 | P9-12| GPIO1_28
162 | P8-26| GPIO1_29
164 P8-21 GPIO1_30
166 P8-20 GPI101_31
168 | P8-18| GPIO2_1
170 P8-7 TIMER4
172 P8-9 TIMERS
174 | P8-10| TIMER6
176 P8-8 TIMER7
178 | P8-45 GPIO2_6
180 | P8-46| GPIO2_7
182 | P8-43| GPIO2_8
184 | P8-44| GPIO2.9
186 | P8-41 GP102_10
188 | P8-42| GPIO2_11
190 | P8-39| GPIO2_12
192 | P8-40| GPIO2_13
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15 |14 |13 |12 |11 10| 9 [8|(7|6|5(4|3|2 | 1 | O

P

S E U

Ooff Pin L|R /
set Conn Name Usage Type Reserved elx| |p Mux Mode

P
W D E
N

194 | P8-37| UART5_TXD

196 | P8-38| UART5_RXD
198 | P8-36| UART3_CTSN
200 | P8-34| UART3_RTSN
202 | P8-27| GPI02_22
204 | P8-29| GPIO2_23
206 | P8-28| GPIO2_24
208 | P8-30 GPI02_25
210 | P9-29 SPI1_D0
212 | P9-30 SPI1_D1

214 | P9-28| SPI1_CSO

216 | P9-27| GPIO3_19

218 | P9-31| SPI1_SCLK
220 | P9-25| GPIO3_21
222 | P8-39 AINO
224 | P8-40 AIN1
226 | P8-37 AIN2
228 | P8-38 AIN3
230 | P9-33 AIN4
232 | P8-36 AIN5
234 | P9-35 AIN6

8.1.5 EEPROM Write Protect

The design inFigure 28 does not have the write protect enabled. Thiswalldhe
EEPROM to be used for storing application informatbased on the board’s functions.
It also allows the EEPROM to be reconfigured to niekire EEPROM format changes
as things evolve.

8.2  Expansion Connectors
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A combination of male and female headers is useddoess to the expansion headers on
the main board. There are three possible mountorfigurations for the expansion
headers:

» Singleno board stacking but can be used on the topeo$tick.

» Stackingup to four boards can be stacked on top of edwoérot

» Stacking with signal stealirgp to three boards can be stacked on top of each
other, but certain boards will not pass on theagthey are using to prevent
signal loading or use by other cards in the stack.

The following sections describe how the connectoesto be implemented and used for
each of the different configurations.

8.2.1 Non-Stacking Headers-Single Cape
For non-stacking Capes single configurations orrevitee Cape can be the last board on

the stack, the two 46 pin expansion headers useahee connectorsigure 29 is a
picture of the connector. These are dual row 2&ipo2.54mm x 2.54mm connectors.

Figure 29. Single Expansion Connector

The connector is typically mounted on the bottode sf the board as shown kigure
30. These are very common connectors and shoulcsity éocated. You can also use
two single row 23 pin headers for each of the doal headers.

Figure 30. Single Cape Expansion Connector

It is allowed to only populate the pins you need.tAis is a non-stacking configuration,
there is no need for all headers to be populatbd dan also reduce the overall cost of
the Cape. This decision is up to the Cape designer.

For convenience listed imable 15 are some possible choices for part numbers on this
connector. They have varying pin lengths and sorag loe more suitable than others for

beagleboard.org

Page 68 of 79




REF: BBONE_SRM BeagleBone System Reference RevA4.0.4
Manual

your use. It should be noted, that the longer iheapd the further it is inserted into the
BeagleBone connector, the harder it will be to reendue to the tension on 92 pins. This
can be minimized by using shorter pins or removimgse pins that are not used by your
particular design. The minimum the pin length cansh.125(3.175mm) in order to insure
connection to the pins in the connector on the EBx&ane.

Table 16. Single Cape Connectors

SUPPLIER PARTNUMBER TAIL LENGTH(in) TAIL LENGTH(mm)
Major League TSHC-123-D-03-145-GT-LF 145 3.68
Major League TSHC-123-D-03-240-GT-LF 240 6.10
Major League TSHC-123-D-03-255-GT-LF 255 6.47

The GT in the part number is a plating option. @thgtions may be used as well as long
as the contact area is gold.

Other possible sources are Sullins and Samtetiésetconnectors.

8.2.2 Battery Connector- Single

For non-stacking or single configuration this cortoe is a single 10 pin expansion
headerFigure 31is a picture of the connector. This is a dual dd@position 2.54mm x
2.54mm connectors. This is the same connectoreasiftin connectors, only shorter.

Figure 31. Battery/Backlight Expansion Connector

Table 18below is the possible part numbers for this cotorec

Table 17. Single Cape Backlight Connectors

SUPPLIER PARTNUMBER TAIL LENGTH(in) TAIL LENGTH(mm)
Maijor League | TSHC-105-D-03-145-GT-LF 145 3.68
Maijor League | TSHC-105-D-03-240-GT-LF 240 6.10
Major League TSHC-105-D-03-255-GT-LF .255 6.47
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8.2.3 Main Expansion Headers-Stacking

For stacking configuration, the two 46 pin expansieaders use the same connectors.
Figure 32 is a picture of the connector. These are dual E3wposition 2.54mm X
2.54mm connectors.

Figure 32. Expansion Connector

The connector is mounted on the top side of thedoaéh longer tails to allow insertion
into the BeagleBond=igure 33is the connector configuration for the connector.

Figure 33. Stacked Cape Expansion Connector

For convenience listed imable 17 are some possible choices for part numbers on this
connector. They have varying pin lengths and sorag Ine more suitable than others for
your use. It should be noted, that the longer theapd the further it is inserted into the
BeagleBone connector, the harder it will be to reendue to the tension on 92 pins. This
can be minimized by using shorter pins. There apstrikely other suppliers out there
that will work for this connector as well. If any@riinds other suppliers of compatible
connectors that work, let us know and they willdoieled to this document. The minimum
length of the pin that inserts into the BeagleBooenector is .125 (3.175mm).

Table 18. Stacked Cape Connectors
SUPPLIER PARTNUMBER TAIL LENGTH(in) TAIL LENGTH(mm)
Major League SSHQ-123-D-06-GT-LF .190 4.83
Major League SSHQ-123-D-08-GT-LF .390 9.91
Major League SSHQ-123-D-10-GT-LF .560 14.22

There are also different plating options on eacthefconnectors above. Gold plating on
the contacts is the minimum requirement. If youad®to use a different part number for
plating or availability purposes, make sure yowndbselect the “LT” option.

Other possible sources are Sullins and Samtec.
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8.2.4 Battery Connector Stacking

This connector is a single two 10 pin expansiondbedigure 34 is a picture of the
connector. This is a dual row 10 position 2.54m&5dmm connector and is the same as
the main connector except with less positions.

Figure 34. Stacked Battery Expansion Connector

For convenience listed imable 18 are some possible choices for part numbers on this
connector. They have varying pin lengths and sorag Ine more suitable than others for
your use.

Table 19. Stacked Cape Connectors
SUPPLIER PARTNUMBER TAIL LENGTH(in) TAIL LENGTH(mm)
Major League SSHQ-105-D-06-GT-LF 190 4.83
Major League SSHQ-105-D-08-GT-LF .390 991
Major League SSHQ-105-D-10-GT-LF .560 14.22

Tail length does not include the thickness of tlap&PCB.

8.2.5 Stacked Capes w/Signal Stealing

Figure 35is the connector configuration for stackable Capas does not provide all of

the signals upwards for use by other boards. Bhisseful if there is an expectation that
other boards could interfere with the operatioryadir board by exposing those signals
for expansion. This configuration consists of a boration of the stacking and non-

stacking style connectors.

Figure 35. Stacked w/Signal Stealing Expansion Connector
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8.3  Signal Usage

Based on the pin muxing capabilities of the prooessach expansion pin can be
configured for different functions. When in thectimg mode, it will be up to the user to
insure that any conflicts are resolved between iplalstacked cards. When stacked, the
first card detected will be used to set the pin mgyof each pin. This will prevent other
modes from being supported on stacked cards andesait in them being inoperative.

In Section 7.120of this document, the functions of the pins arénéel as well as the pin
muxing options. Refer to this section for more miation on what each pin is. To
simplify things, if you use the default name as fimection for each pin and use those
functions, it will simplify board design and reduoenflicts with other boards.

Interoperability is up to the board suppliers ahd tiser. This specification does not

specify a fixed function on any pin and any pin ¢eused to the full extent of the
functionality of that pin as enabled by the prooess

8.4  Cape Power

This section describes the power rails for the Gamal their usage.

8.4.1 Main Board Power

The Table 19 describes the voltages from the main board thatasmailable on the
expansion connectors and their ratings. All volsagee supplied by connectBf. The
current ratings listed are per pin.

TheVDD_3V3EXP rall is supplied by the LDO on the BeagleBone enithe primary

Table 20. Expansion Voltages
Current Name P9 Name Current
GND 1 2 GND
250mA VDD_3V3EXP | 3 4 | VDD_3V3EXP 250mA
1000mA VDD_5V 5 6 VDD_5V 1000mA
250mA SYS_5V 7 8 SYS_5V 250mA
GND 43 44 GND
GND 45 46 GND

power rail for expansion boards.
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VDD_5V is the main power supply from the DC input jackisTvoltage is not present
when the board is powered via USB. The amountuofeat supplied by this rail is

dependent upon the amount of current availableed®as the board design, this rail is
limited to 1A per pin from the main board.

The SYS_5Vrail is the main rail for the regulators on theimboard. When powered
from a DC supply or USB, this rail will be 5V. Thavailable current from this rail
depends on the current available from the USB a@dekternal supplies.

8.4.2 Expansion Board External Power

A Cape can have a jack or terminals to bring inteter voltages may be needed by that
board. Care should be taken not to let this veltagdback into any of the expansion
header pins.

It is possible to provide 5V to the main board fram expansion board. By supplying a
5V signal into thevDD_5V rail, the main board can be supplied. This voltagest not
exceed 5V. You should not supply any voltage intby ather pin of the expansion
connectors. Based on the board design, this ralim#ed to 1A per pin to the
BeagleBone.

8.4.3 Mechanical

This section provides the guidelines for the coratof expansion boards from a
mechanical standpoint. Defined is a standard beerel that is the same profile as the
BeagleBone. It is expected that the majority of amgion boards created will be of
standard size. It is possible to create boardstlérosizes and in some cases this is
required, as in the case of an LCD larger tharBeregleBone board.

8.4.4 Standard Cape Size

Figure 36is the outline of the standard Cape. The dimessaoa in inches.

&

beaglebone
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Figure 36. Cape Board Dimensions

A slot is provided for the Ethernet connector twkstup higher than the Cape when
mounted. This also acts as a key function to insiaeé the Cape is oriented correctly.
Space is also provided to allow access to the UE&s and reset button on the main
board.

8.4.5 Extended Cape Size

Capes larger than the standard board size araldseed. A good example would be an

LCD panel. There is no practical limit to the sioéshese types of boards. The notch for
the key is also not required, but it is up to thpmier of these boards to insure that the
BeagleBone is not plugged in incorrectly in sucmanner that damage would be cause
to the BeagleBone or any other Capes that maydtallied. Any such damage will be the

responsibility of the supplier of such a Cape faie

As with all Capes, the EEPROM is required and caanpk with the power requirements
must be adhered to.

9.0 Board Setup
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This section describes how to setup the board @anaake sure that it is operating. It also
provides an advanced section that allows you to auself diagnostic test that does
require additional equipment to be purchased.

9.1 USB Powered Setup

The board ships with everything you need for tlisfiguration.

* BeagleBone
* microSD card with bootable SW
* USB Type A to 5 pin connector

To setup the board:

1) Insert the SD card into the SD card connector

2) Plug the USB cable into the BeagleBone

3) Plug the other end of the USB cable into the PC |J8i.

4) The power LED D1 should be on

5) After a few seconds, USERO and USER1 LED should 8¢shing

6) After 10 seconds or so, the board should show wpraass storage device on
your PC

7) Open the new drive and click on the Readme.htrml fil

8) The file should open in your browser.

9) Follow the instructions on the HTML page.

9.2 DC Powered Setup

The board ships with everything you need for thomfiguration except for a power
supply. The first three items below are provided #me power supply will need to be
provided by you.

* BeagleBone

* microSD card with bootable SW

* USB Type A to 5 pin connector

* 5VDC 1A power supply w/2.2mm x 5.5mm connector,teepositive.

To setup the board:

1) Insert the SD card into the SD card connector

2) Plug the DC cable into the board.

3) The power LED D1 should be on

4) Plug the USB cable into the BeagleBone

5) Plug the other end of the USB cable into the PC 8.

6) After a few seconds, USERO and USER1 LED should 8#shing

7) After 10 seconds or so, the board should show w@praass storage device on

your PC
8) Open the new drive and click on the Readme.htrmal fil
fbeagleboard.org |, .. .o @&>beaglebone
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9) The file should open in your browser.
10) Follow the instructions on the HTML page.

9.3 Advanced Test

This test involves the purchase of a USB hub thatjuipped with an Ethernet port or the
use of a USB Hub with a USB to Ethernet Dongle gkdjin. The SW that ships with the
board is capable of running this test. You may rteddad drivers for your particular

Hub or Ethernet dongle.

The following procedure will setup and test therdodhe following items are tested on
the board:

e USB Client Port
e USB Host Port
+ Ethernet Port

« DDR

e PMIC

« EEPROM

e Processor
 SD Slot

e DC Power

« USB HUB

e USB to Serial
» LEDs

9.3.1 Equipment Needed
The following items are needed to perform this:test

1) USB Hub with Ethernet port

2) Ethernet Cable

3) USB A Male to 5pin male

4) BeagleBone

5) 26 AWG jumper wire, stripped

6) 5VDC 1A power supply, 2.1mm Center positive

9.3.2 Procedure

1) Connect the USB HUB to the USB Host port of theddeBone.

2) Connect the HUB Ethernet port to the BeagleBonei&tt port.

3) Connect one of the USB ports to USB connector erBisagleBone.
4) Insert the SD card that came with the board ind0SB connector.

&-beaglebone
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5) Add a jumper wire between pin 2 and 3 of the P8s Tdlls the SW to run the
test.
6) Insert the DC power supply
7) The PWR LED should turn on.
8) Then D2 and D3 should start flashing indicatinglitbet process has begun.
9) After about a minute, D2 and D3 should turn off &%should start flashing.
10) D5 will continue to flash during the test procegsch should take about 2-3
minutes.
11)At the end of the test one of two things will happe
a. If all the LEDS are on solid, then the board hasspd the test.
b. If all LEDS are flashing, then the board has fatlleel test.

9.3.3 Debugging

It is possible to add a USB to serial cable toktuB for messages as the tests run. This
will tell you where the test fails. It will requir@ USB to serial adapter to also be plugged
into your PC and a Null modem female to female &&tape placed between the two
cables.

In order for this to work, the Linux driver needslte installed on the BeagleBone for the
USB to serial adapter. For now, only one USB taas@dapter is supported. Others will
be added over time.

Once you have the correct cable configuration, geonuopen up a terminal program set to
the serial port and set for 115KBaud, 8,n2 and axadkhaking. The results of the test as
run will be printed to the terminal.
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10.0 Beagle

Size: 3.5"x 2.1" (86.36mm x 53.34mm)
Max height: 187" (4.76mm)
PCB Layers: 6
PCB thickness: .062”
RoHS Compliant: Yes
Weight: 1.4 0z
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11.0 Design Information

Design information can be found on the SD card tf@ps with board under the
documents/hardware directory when connected oeetUBB cable. Provided there is:

* Schematic in PDF

* Schematic in OrCAD

* PCB Gerber

* PCB Layout File

* Bill of Material

» System Reference Manual (This document).

You can also download the files frdmtip://beagleboard.org/hardware/design

ALL support for this design is through the BeaglaBborg community.

There are also some community members working noe the schematics and PCB
files into other formats. Look for those to aval&am the future.
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