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1. General information
About this document

This manual describes a product of the MENTOREL company. The manual specifies the design and
function for Mentorel BeagleBone uSomIQ. Precise specifications for the Texas Instruments AM335x
microcontrollers can be found in Texas Instrument's AM335x Data Sheet and Technical Reference
Manual. This Document is subject to change without notice as we will work to keep improving the
design as the product matures based on feedback and experience.

Trademarks and labels

All trademarks or labels mentioned in this Document are owned by the respective organizations. The
absence of the trademark (™), registered trademark (®) and copyright (©) symbols does not imply that
product copyrights are not protected. Additionally, registered patents and trademarks are similarly not
expressly indicated in this manual.

Technical Support

MENTOREL provides technical SUPPORT for own products. MENTOREL gives unlimited free of
charge support during products lifecycle for consulting purposes. In addition to free support
MENTOREL offers contract plans which are to fulfill research and development. For detail contact
the Sales Department by sales@mentorel.com.

Mentorel BeagleBone uSomlQ is licensed from Beagleboard.org team and
bears the BeagleBoard Compatible Logo. The product bearing the
BeagleBoard Compatible Logo has been tested by BeagleBoard.org and
has been determined to be BeagleBoard Compatible. "BeagleBoard
Compatible" is defined as a product that (a) runs on the version of the
software provided by BeagleBoard.org to supplier, (b) said software also
runs on a BeagleBoard.org product, and (c) releases open hardware design
materials. A product shall be deemed “BeagleBoard Compatible” as of the
manufacture date. This product may include other accessories and the
applicability for use with this product is the sole responsibility of the

supplier. Qq ,
General support for this board is available from the BeagleBoard.org

community. All hardware support for this product is the responsibility of the

supplier (Mentorel). Return merchandise authorization support is provided by the supplier (Mentorel)
and access to this is provided by the supplier via its website.

Web Mentorel: www.mentorel.com

Beagleboard official support: https://beagleboard.org/support
Hardware support: support@mentorel.com

Facebook: https://www.facebook.com/mentorel.company
Linkedin: www.linkedin.com/company/mentorel
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2 Introduction

uSomlQ is a new system on module produced by MENTOREL. It features robust design and
basically intended for industrial applications. It was designed to withstand extreme temperature
floating and has been tested in a temperature chamber. uSomIQ mates with carrier boards by the
high density mezzanine connectors FCI MezzoStak intended for extreme operating temperature
range between -40 and 125 degrees C. Stub-less contact design supports PCEeG2 High Speed
performance and ensures reliable operation of high- speed interfaces on the uSomlQ module: USB
2.0 and Ethernet.

2.1 Functional diagram
The following units are installed at the uSomIlQ module:
e Power controller (PMIC) TPS65217C
e LDO TL5209DR for Ethernet PHY
MPU AM335x
DDR3 memory
eMMC (MLC NAND)
Ethernet PHY SMSC (Microchip) LAN8710 Diagram 1 shows the main module units.

/

LAN8710

TL5209 AMS30x

TPS65127C eMMC
DDR3

Diagram 1. uSomIQ block diagram.

2.2 Main features
The following features are common for the uSomIQ family:
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DDR3 or DDR3L SDRAM: 128MB - 1024MB
eMMC NAND Flash: 4GB
LCD Up to 24-Bit Data Output; 8 Bits per Pixel (RGB)
Resolution up to 2048 x 2048 (with Maximum 126-MHz Pixel Clock)
High Speed (480Mbit) USB 2.0 OTG (Host/Device)
High Speed (480Mbit) USB 2.0 Host
12-Bit Successive Approximation Register (SAR) ADC
Up to Two Controller-Area Network (CAN) Ports (Supports CAN Version 2 Parts A and B)
Ethernet PHY SMSC LAN8710 (MIl) 10/100Mbit
Up to five UART ports
McASP, McSPI, 12C interfaces
Two 8-bit SD/MMC+ ports
Flexible 8-Bit and 16-Bit Asynchronous Module Memory Interface with up to Seven Chip
Selects (NAND, NOR, Muxed-NOR, SRAM)
Lots of General-Purpose I/O (GPIO) lines
JTAG and cJTAG for ARM
Unigue MAC address (factory programmed to CPU)
10 level 3.3V (fixed)
Single power supply 5V
Power consumption 2.5W maximum running at 1GHz
uSomlQ dimensions (55x40mm)
Working temperature:
o Industrial -40..+85°C

o Commercial 0..+70°C (available for custom orders)

2.3 High level description
2.3.1 Sitaraprocessors

BeagleBone uSomlQ utilizes Sitara family of embedded processors based on ARMv7
architecture and introduced by Texas Instruments. The following processor in ZCZ package is
populated on board:

AM3358
Features:

e ARM Cortex-A8 32-Bit RISC
ARM core frequency: 600 MHz, 800 MHz or 1000MHz
Cache L1: I-cache 32KB and D-cache 32KB
L2 Cache: 256KB of L2 Cache with Error Correcting
64KB of internal SRAM
NEON Single Instruction MultiData (SIMD) Integer
POWERVR SGX530 3D Graphics Engine
Touchscreen controller upto 8 lines
Controller Area Network (CAN)
Programmable Real-Time Unit Subsystem and Industrial Communication Subsystem (PRU-
ICSS)
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2.3.2 Baseboard connectors

BeagleBone uSomlIQ requires a baseboard to carry the main power supply 5V as well as necessary
interfaces connectors (Ethernet, SD, etc). uSomlIQ uses two FCI MezzoStak 70-pin connectors to
interface the baseboard.

The following signals and interfaces are available on the baseboard connectors:

e 5VDC input to feed the module (all necessary voltages are created by the PMIC installed)

o 3.3V output to feed external devices (an end-user design should not overload this output
because it can lead to damage of the SOM)

e Hi-Speed USB OTG (host/device)

e Hi-Speed USB HOST

e LCD 16/24bit for LVDS/TTL/DVI/HDMI

e SD/MMCO, SD/MMC1, SD/MMC2

e SPIO, SPI1

e McASPO
e UARTO, UART1, UART2, UART3

o GPMC 16bit data/address + 4x CS
e i2c0/i2cl/i2c3

e ADC 8-inputs

e Ethernet 10/100

o Controller Area Network (CAN)

Most of the controller pins have multiple multiplexed functions. All functions are listed in the tables 2
and 3. If a user experiences difficulties in proper configuring of necessary functions Texas Instruments
has developed a Windows-based application called Pin Mux Utility that helps a system designer select
the appropriate pin-multiplexing configuration for their AM335x-based product design. The Pin Mux
Utility provides a way to select valid IO Sets of specific peripheral interfaces to ensure the
pinmultiplexing configuration selected for a design only uses valid 10 Sets supported by the AM335x
device.

Please note that all module connections are not to exceed their expressed maximum voltage or
current. Maximum signal input values are indicated in the corresponding controller manuals/data
sheets. As damage from improper connections varies according to use and application, it is the user's
responsibility to take appropriate safety measures to ensure that the module connections are protected
from overloading through connected peripherals.

2.3.3 Power management

PMIC TPS65217C creates all necessary voltages: 1.2V (ARM core), 1.35V/1.5V (DDR3), 1.8V (ADC
reference), 3.3V (I/O). Ethernet PHY is powered by a discrete LDO TL5029 (may differ in some
configurations).

2.3.4USB 2.0 OTG
The MPU’s port USBO can function as USB OTG.

This device implements the USB2.0 OTG dual port module and PHY for interfacing to USB as a
peripheral or host. A Mode of operation is identified by a state of the USB_ID line. Supports USB
2.0 host or OTG at speeds HS (480 Mb/s), FS (12 Mb/s), and LS (1.5 Mb/s). Supports USB 2.0
peripheral at speeds HS (480 Mb/s) and FS (12 Mb/s).
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USB OTG port can function as:
e USB ACM (serial interface)
e USB Ethernet
e MPU boot

2.3.5 USB 2.0 Host Port

The MPU’s port USB1 can function only in USB Host mode, because the USB1_ID pin is grounded
on the module.

Supports USB 2.0 host at speeds HS (480 Mb/s), FS (12 Mb/s), and LS (1.5 Mb/s). All low- speed
devices like a mouse or a keyboard can be connected directly to this port.

2.3.6 LCD interface

This interface is for connection of industrial and other TFT panels. In addition LVDS or DVI-
D/HDMI serializers can be connected to achieve true-color palette 24-bits (8b RGB).

2.3.7 SD/IMMC

MMCO, MMC1 and MMC2 interfaces are available on the baseboard connectors. MMC1 and
MMC2 is multiplexed with the GPMC bus. Improper configuration of MMC1/2 interfaces will break
the NAND functionality.

MMCO and MMC1 accepts only 3.3V voltage level.

MMC command/response sets as defined in the MMC standard specification v4.3. SD
command/response sets as defined in the SD Physical Layer specification v2.00

It is possible to implement eMMC boot by placing an eMMC IC onto a baseboard. Proper pinmux
configuration is required as well modifications to the default BSP.

2.3.8LED

LED marked as VD1 is connected to PMIC TPS65217C. It lights up when PMIC works properly and
5VDC is applied to the module. If any problem with power is detected this LED blinks or stays blank.

2.3.9JTAG

12-pin connector exists on the module for JTAG functionality. The JTAG interface accepts 3.3V levels
only. Please ensure your JTAG emulator is compatible with this requirement.
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3 BoneCape uSomIQ Architecture

This section provides the detailed specification of uSomIQ.

3.1 Functional Diagram

P2

connector

|_BATTERY
SVDC

TPS65217C

1.35/1.5V,

pwR_BUT—A

TL5209

4—3.3v—l

PWR

Eth_TX

Eth_RX

LANST10A

<

DDR3

16-bit

—1 11 CO—
—DCANT—
€—SYSRST—
€M CASPI—p
€«——12C0—P
€——USBI—p
€«——SPI0—
€—U ART0—p
€—U ART 1—P
€—U ART3—P
L AIN 07—

AN 335x

——USB1—Pp

€¢——LCD—Pp

I 1

MMC1
Y

eMMC

3.2 AM335x microprocessor

GPMC

P3
connector

Diagram 2. uSomIQ Functional Diagram.

AM335x MPU is the main unit on the BoneCape uSomIQ module. Diagram 3 shows maximum
capabilities introduced by AM335x family.

Document revision “c”



Mentorel BeagleBone uSomIQ (module rev.6) mentorel

|
I ARM Graphics Display |
: Cortex-A8 PowerVR 24-hit LCD eontroller |
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| P ) EtherCAT, PROFIMET,
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e i

Diagram 3. AM335x Functional Block Diagram.

The AM335x microprocessors, based on the ARM Cortex-A8, are enhanced with image, graphics
processing, peripherals and industrial interface options such as EtherCAT and PROFIBUS. The device
supports the following high-level operating systems that are available free of charge from TI:

* Linux®

* Android™

The AM335x microprocessor contains these subsystems:
e Microprocessor unit (MPU) subsystem based on the ARM Cortex-A8 microprocessor.

e POWERVR SGX™ Graphics Accelerator subsystem for 3D graphics acceleration to support
display and gaming effects.

e The Programmable Real-Time Unit and Industrial Communication Subsystem (PRU-ICSS) is
separate from the ARM core, allowing independent operation and clocking for greater
efficiency and flexibility.

e The PRU-ICSS enables additional peripheral interfaces and real-time protocols such as
EtherCAT, PROFINET, EtherNet/IP, PROFIBUS, Ethernet Powerlink, Sercos, and others.

e External Memory Interfaces EMIF — 400MHz DDR3 SDRAM

General-Purpose Memory Controller GPMC - Flexible 8-Bit and 16-Bit Asynchronous memory
interfaces for NAND, NOR, SRAM

LCD controller

SD/MMC

USB OTG

Power management
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e UART

e |2C

e MCASP for Audio (12S)
e JTAG

e Controller Area Network (CAN)

The module can carry any processor from AM335x Sitara family in ZCZ package. uSomlQ accepts
any processor with running frequency from 275MHz to 1GHz.

3.3 Memory

Described in the following sections are the three memory devices found on the board.

3.3.1 DDR3

uSomlQ is designed to carry DDR3 or DDR3L memory with any amount of 128MB to 512MB. The
maximum amount is achieved by using a single 256Mb x16 DDR3L 4Gb (512MB) memory device. The
memory used is the MT41K256M16HA-125 from Micron. It will operate at a clock frequency of
400MHz yielding an effective rate of 800MHZ on the DDR3L bus allowing for 1.6GB/S of DDR3L
memory bandwidth.

In order to provide necessary working temperature proper part numbers are used.

3.3.2 EEPROM

A single 4KB EEPROM is provided on 12CO0 that holds the board information. This information includes
board name, serial number, and revision information. uSomlQ identifier is “A335BNLTMEQ6”. This
value is preloaded during manufacturing.

Note: some configurations may not have this EEPROM due to expense purposes if a customer
demands it.

3.3.3eMMC

A single 4GB embedded MMC (eMMC) device is on the board. The device connects to the MMC1
port of the processor, allowing for 8bit wide access. Default boot mode for the board will be
MMC1 with an option to change it to MMCO, the SD card slot, for booting from the SD card as a
result of removing and reapplying the power to the board. Simply pressing the reset button will not
change the boot mode. MMCO cannot be used in 8Bit mode because the lower data pins are
located on the pins used by the Ethernet port. This does not interfere with SD card operation but it
does make it unsuitable for use as an eMMC port if the 8 bit feature is needed.

3.4 Power Management

3.4.1 The main power source requirements
To feed the SOM with the power you need to supply the stabilized voltage. The following requirements
are for the main power source 5VDC:

e Voltage level: 4.3-5.5 VDC

e Current: 300-1000 mA

It is recommended to install a Low-ESR capacitor close to 5VDC pins of the respective baseboard
connector.
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3.4.2 Onboard power sources

The PMIC TPS65217C creates all voltage levels necessary for proper functionality of DDR3 and MPU.
In addition to TPS65217C a LDO TL5209 is used to create 3.3V to feed the Ethernet PHY.

The TL5209 IC forms 3.3V from the main voltage supplied to the SOM. It provide current up to 500mA
and feeds the Ethernet PHY. 3.3V output from TL5209 is available on a baseboard connector. It can
be used to feed any external circuit with maximum power consumption 400maA.

3.4.3 Main power rails

The PMIC TPS65217C provides three main power rails used by AM335x and peripherals:
e VDDS _DDR (1.35or 1.5V)
e VDD_MPU (1.1V)
e VDD_CORE (1.1V)

These three voltages are created by impulse DC/DC convertors. Other voltages used by peripherals
are created by internal LDOs on the TPS65217C:

e LDO3 (1.8V)
e LDO4 (3.3V)
e VLDO1 (3.3V)
e VLDO2 (3.3V)

. VDDS_COR
L |20 BLI oy _‘l?'_
" LQ\umh_R_ycq —c17
o VDD MpU | MF
L 23 PI2 Y
- u LQ\LHPh_R_mq L
vDepes = - . VDD CORE | 10uF
13 3L B3 = _
- LQZ&EHFHLR:MG# s
e VDD _IVE 10uF
1po3 |20 E
'I.-'E:' ELET.
LDO4 |
—'\.x\,—|".'IG VETC chg
vipol [ T 10k
] VDD _3V3AUK
VLDO2 —w\.—n‘ncs | _J; =
- @D

Diagram 4. Main power rails.

3.4.4 CPU control over TPS65217C

The PMIC TPS65217C is controlled by a CPU with 12C bus. 12C0 bus is in the connection between
the TPS65217C and the CPU. A designer should limit the use of the 12C0 bus because it can, but
not necessarily, disturb the power management.

3.5 External memory interface EMIF

The EMIF interface is used to bear DDR3 memory with 16-bit wide bus. CSO signal is used for DDR3
addressing.

DDR3 SDRAM CSO0 base address: 0x8000 0000
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Space addressed: 0x8000 0000 — OxBFFF FFFF

Memory size is specified during the bootstrap u-boot loading. The first level loader SPL initializes
the SDRAM and loads there u-boot.

3.6 GPMC

The GPMC bus is routed to the onboard P3 connector, including chip-select signals (CS): CSO0, CS1,
CS2, CSss.

The general-purpose memory controller (GPMC) is a unified memory controller dedicated to interfacing
external memory devices:
e Asynchronous SRAM-like memories and application-specific integrated circuit (ASIC) devices
e Asynchronous, synchronous, and page mode (only available in non-multiplexed mode) burst
NOR flash devices
e NAND Flash
e Pseudo-SRAM devices

3.7 LCD controller

The LCD controller consists of two independent controllers, the Raster Controller and the LCD
Interface Display Driver (LIDD) controller. Each controller operates independently from the other and
only one of them is active at any given time.

e The Raster Controller handles the synchronous LCD interface. It provides timing and data for
constant graphics refresh to a passive display. It supports a wide variety of monochrome and
full-color display types and sizes by use of programmable timing controls, a built-in palette,
and a gray-scale/serializer. Graphics data is processed and stored in frame buffers. A frame
buffer is a contiguous memory block in the system. A built-in DMA engine supplies the
graphics data to the Raster engine which, in turn, outputs to the external LCD device.

e The LIDD Controller supports the asynchronous LCD interface. It provides full- timing
programmability of control signals (CS, WE, OE, ALE) and output data.

3.8 Touchscreen Controller

The touchscreen controller and analog-to-digital converter subsystem (TSC_ADC_SS) is an 8-channel
general-purpose analog-to-digital converter (ADC) with optional support for interleaving touchscreen
(TS) conversions for a 4-wire, 5-wire, or 8-wire resistive panel. The TSC_ADC_SS can be configured
for use in one of the following applications:

8 general-purpose ADC channels

4-wire TSC with 4 general-purpose ADC channels
5-wire TSC with 3 general-purpose ADC channels
8-wire TSC

3.9 Multichannel Audio Serial Port (McASP)

The multichannel audio serial port (McASP) functions as a general-purpose audio serial port optimized
for the needs of multichannel audio applications. The McASP is useful for time-division multiplexed
(TDM) stream, Inter-Integrated Sound (12S) protocols, and intercomponent digital audio interface
transmission (DIT). The McASP consists of transmit and receive sections that may operate
synchronized, or completely independently with separate master clocks, bit clocks, and frame syncs,
and using different transmit modes with different bit-stream formats. The McASP module also includes
serializers that can be individually enabled to either transmit or receive.

3.10 USB

The USB controller provides a low-cost connectivity solution for numerous consumer portable devices
by providing a mechanism for data transfer between USB devices with a line/bus speed up to 480
Mbps. The device USB subsystem has two independent USB 2.0 Modules built around two OTG
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controllers. The OTG supplement feature, the support for a dynamic role change, is also supported.
Each port has the support for a dual-role feature allowing for additional versatility enabling operation
capability as a host or peripheral. Both ports have identical capabilities and operate independent of
each other. Diagram 5 shows the USB subsystem:

USB Subsystem USBO Pads
- USBO DP
-~ UsSBo_DM
»| USBHO_DRVVBUS |
- US80_VBUS
= USBO CE
MPU < ushel intr g—] - Uss0_ID
Subsystem | ushes iy ¢——
Interrupts |« wbl i USB1 Pads
- =0 w — USB1_DP
4—] “«—> 1
WakeM3 e usH0_wout »|{ US81_DRVVBUS
< ushl wot 8
< USB1_VBUS
L3 Slow ——] sLv OHCH » USBICE
Interconnect Bridge k USLD
o
O S mstet | S S|
nterconnec o& j
o
&l
S8
LSSbw‘_’ Mstr0 %E <
Interconnect Od
PRCM|
CORE_CLKOUTM¢ | /— USB_GCLK (100 MHZ)

Diagram 5. USB subsystem block diagram.

However in the uSomIQ design USB1 port acts always in Host mode while USBO supports host,
device and OTG features (USBO_ID is floating).

3.10.1 USBO - OTG port

The USBO interface of the processor is configured to work in OTG-mode. The USBO_ID line is
routed to a baseboard connector allowing an end-system designer to configure this port in Device-,
Host- or OTG mode. Setting USBO mode is done by pulling USBO_ID line to Ground (Host mode) or
leaving floating (Device/OTG mode).

Diagram 6 shows the USBO connection in schematic.

)

USBO_ P> Ser NI USBO_DP
. (4 A= N1
USBO N 115> USB0 DM
USBO _CE
USBO_ID Y)——UsE0 1D E}g USBO_ID
USBO_DRVBUS > 515—| USBO_DRVVBUS/GPIO0_18
USB0_VBUS ) USBO_VBUS

Diagram 6. USBO signals (OTG mode).

3.10.2 USB1 - host port

The USB1 interface of the processor is configured for the Host-mode only by pulling-low the USB1_ID
line in the schematic. USBL1 is USB 2.0 compatible and allows direct connection of Low- and Full-
speed devices like mouses or keyboards without a USB-hub.

Diagram 7 shows the USB1 connection in schematic.
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== RI7
USBl_pgz ==Rrig"| USBLDP
USB1 N)) — p1g™| USB1_DM
g USB1_ID P
| 2 l\/\'usm DRVVBUS F15 L.?BI—ID e
—— L.>B1_DR\*\"BL.>§§ e Tz | USB1_DRVVBUS/GPIO3_13
. T Y ] TC S \ S T ] T -
D USB1_VBUS )) USB1_VBUS
Diagram 7. USB1 signals (Host mode).
3.11 SD/MMC

This device contains three instances of the Multimedia Card (MMC), Secure Digital (SD), and Secure
Digital I/0 (SDIO) high speed interface module (MMCHS). The controller provides an interface to an
MMC, SD memory card or SDIO card.

uSomlQ introduces three interfaces: MMCO, MMC1 and MMC2. All these interfaces are multiplexed
with other CPU pins. Refer to Tables 2 and 3 for details. You can use these interfaces to connect
memory cards or devices wirking in SDIO mode. Interrfaces are capable to work in 4- or 8- bits mode.

3.11.1 SD/MMC card booting
The CPU Boot ROM supports SD card memory boot with the following limitations:

¢ MMC/SD cards compatible with Multimedia Card System Specification v4.3 or Secure Digital
I/0O Card Specification v2.0, including high density cards SDHC and HC MMC.
e SD/MMC cards connected to MMCO
e Cards are powered by 3.3V o 1-bit for MMC or 4-bit for SD o Frequency:
o identification mode: 400 kHz
o data transfer mode: 10MHz
e Only one card resides on the bus
e FAT12/16/32, with MBR or without

3.11.2 SD/MMCO connection for booting

By default uSomIQ boot pins are configured for eMMC booting but an alternative way to boot a CPU is
a SD or Micro-SD connection. Diagram 8 shows a proper micro-SD connection schematic to uSomIQ
(this connection should be applied by the external schematic).

uSD connector
IV3 SYS

1 o3
c1 10uF
0.1uF
— RZ JR3 J)R4 )RS PpRE PR7T )RS
DGND 10k > 10k > 10k > 10k > 10k > 10k > 10k
Place resistors close to the connector!
P4
2 3
0 1 spDg R2é \ A 23R MMCO_DAT2
10 7 SD D3 R25 3[R D . .
- T MMCO_DAT3
11 3 SD_CMD R26 3R > .
1 - = MMCD CMD
17 4 SD CLK R27 BR_ > i
T MMCO CLEO
13 5 [ SD Di R28 33R > MC
3 SD DI Roo TR < MMC0_DATO
= | < MMCO_DATI
é MMCO_CD
DGND DGND

Diagram 8. SD/MMCO connection for booting.

3.11.3 eMMC Memory
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The eMMC is a communication and mass data storage device that includes a Multi- MediaCard (MMC)
interface, a NAND Flash component, and a controller on an advanced 11-signal bus, which is
compliant with the MMC system specification. The nonvolatile eMMC draws no power to maintain
stored data, delivers high performance across a wide range of operating temperatures, and resists
shock and vibration disruption.

The device used with uSomIQ is Micron MTFC4GLDDQ-4M IT part. The eMMC device is connected to
the MMC1 port on the processor. Since MMC1 port is multiplexed with GPMC port of the processor,
the following GPMC signals are occupied by the eMMC part: GPMC_ADO..GPMC_AD?7. The diagram
9 shows the eMMC connection. eMMC_RSTn signal connects to GPMC_A4 line through an

buffer/inverter.
VDD 3ViB

%ru? ;nsﬂ. %nss ;naﬂ. %RN ;nrs ;ngz %ng:‘. ;ngd %ngs ROE

10k 10k |10k |10k [10k [10k {10k |10k |10k |10k [10k o ulo VDD 3ViB

K2 .
= DATO VCC

:i DATI e ?i _T_CIST_T_(.m __|_(.1n )

\]i DAT?2 VCC ad 4TuF 0. 1uF 0. 1uF

& DAT3 VCC
XS DAT4 VCC
T DATS VCC s
- DATe VCC
DAT? VCC 1
CMD V§s
CLK VSs
RST VSs
V§s
VSs
V§s
V§s
VSs

GPMC_ADO
GPMC_ADI
GPMC_AD2
GPMC_AD3
GPMC_AD4
GPMC_ADS
GPMC_AD6
GPMC_AD7

GPMC_CS2

K9
ps
P6
M5

GPMC_CS1
eMMC _RSTn

NNV VYVVVVYVYVN

.|||_

G5 GND

VDD 3V3iB

tgég HE 1 1 i L_cis
veco —=2 CI327 1wk T 0.1uF
CQ 3 2.2uF S S
VCCQ =
VCCQ
VCCQ
VCCQ
VCCQ B
VESQ =
VESQ
VESQ
VESQ
VESQ
VESQ
VESQ
VESQ

.|||_

[ GND

VDDIM E4 VDDIM
€133

MMC-100 €59
¢ [uF 0. 1uf

(iﬁD
Diagram 9. eMMC memory design.

3.12 Controller Area Network

3.12.1 DCAN Features

The general features of the DCAN controller are:
 Supports CAN protocol version 2.0 part A, B (ISO 11898-1)
* Bit rates up to 1 MBit/s
* Dual clock source
* 16, 32, 64 or 128 message objects (instantiated as 64 on this device)
* Individual identifier mask for each message object
* Programmable FIFO mode for message objects
* Programmable loop-back modes for self-test operation
* Suspend mode for debug support
 Software module reset
* Automatic bus on after Bus-Off state by a programmable 32-bit timer
* Message RAM parity check mechanism
* Direct access to Message RAM during test mode

Document revision “c” 16



Mentorel BeagleBone uSomIQ (module rev.6) mentorel

* CAN Rx/ Tx pins configurable as general purpose 10 pins

* Two interrupt lines (plus additional parity-error interrupt line)
* RAM initialization

* DMA support

3.12.2 Unsupported DCAN Features

The DCAN module in this device does not support GPIO pin mode. All GPIO functionality is mapped
through the GPIO modules and muxed at the pins. GPIO pin control signals from the DCAN modules
are not connected.

3.12.3 Integration

The Controller Area Network is a serial communications protocol which efficiently supports distributed
realtime control with a high level of security. The DCAN module supports bitrates up to 1 Mbit/s and is
compliant to the CAN 2.0B protocol specification. The core IP within DCAN is provided by Bosch.
This device includes two instantiations of the DCAN controller: DCANO and DCAN1. Figure 9 shows
the DCAN module integration.

_ DCAN
L4 Feripheral o DCAN Pads CAN
Interconnect Transceiver
DCAMx_TX TXD CANH
——— |, [ ——
T ysiem, | intr_intr_pend <
(DCAND only), uerr_intr_pend 4—| DCAMx_ RX I-: RXD }__L
< T
. if1_dreq canL}l—3 70
EDMA 4 if2_dreq
- if3_dreq
Contral s{mmistart
Modila - mrnidone
dean_io_clk
3
CLE_M _OSC
! CAN_CLK
— FRCM —

Diagram 10. DCAN Integration.

3.13 PRU-ICSS

The PRU-ICSS module is located inside the AM335x processor. Access to these pins is provided by
the expansion headers and is multiplexed with other functions on the board. Access is not provided to
all of the available pins.

All documentation is located at http://github.com/beagleboard/am335x_pru_package. This feature is
not supported by Texas Instruments.

3.13.1 PRU-ICSS Features

The features of the PRU-ICSS include:
Two independent programmable real-time (PRU) cores:
— 32-Bit Load/Store RISC architecture
— 8K Byte instruction RAM (2K instructions) per core
— 8K Bytes data RAM per core
— 12K Bytes shared RAM
* Operating frequency of 200 MHz
* PRU operation is little endian similar to ARM processor
* All memories within PRU-ICSS support parity
* Includes Interrupt Controller for system event handling
* Fast I/O interface
— 16 input pins and 16 output pins per PRU core. (Not all of these are accessible due to reserved
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functions).

3.13.2 PRU-ICSS Block Diagram
Diagram 11 is a high level block diagram of the PRU-ICSS.

PRELD Core *

(BB Program)

EGF

PR Core *

(BB Program)

ELLF

IMTC

PRU-ICSS

Data Merm
(BKE)

Ciata Merm 1
(AKE)

Shared RAM
(12KE)

-

eCAFD

¥

MID_RT

32-Bit Interconnect Bus

I=F *

-

UARTD e

CFG +

3.14 JTAG

Diagram 11. PRU-ICSS Block Diagram.

A place for an optional 14 pin CTlI JTAG header is provided on the board to facilitate the SW
development and debugging of the board by using various JTAG emulators. This header is not
supplied standard on the board. To use this, a connector will need to be soldered onto the board.
The onboard header does not have a standard pin arrangement, because of the very compact
design of uSomlQ. However it has all necessary pins to be compatible to any ARM JTAG emulator.
A simple wire adapter can be made between the uSomlQ JTAG header and a JTAG emulator.
uSomlQ JTAG header has a footprint of the 2-row pin header with pin spacing 1.27mm. A standard
TI's tool like XDS100V2 can be used to debug AM335x processor installed on uSomlQ. Diagram
12 shows how JTAG signals are arranged on the pin header.

VDD _3V3B VDD 3V3B
P1
= 2 o R13
JTAG TMS ; T™S TRSTn ; JTAG TRSTn 304
JTAG TDI - TDI TDIS : o 4.7k —I—: = .
= TVDD  SRST | — = 4.7k §
JTAG_TDO TDO GND1 ——4
JTAG TCK 9 TCKRTN EMUO 10 JTAG EMUD
. > "
| 11 TCK EMU1 12 JTAG EMU1
oo JTAG-14 I

| 0.1uF
GND
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uSomlQ JTAG interface works with 3.3V emulators. Use a proper JTAG emulator.

3.15 AM335x reset

There is the single global reset signal issued by a processor or issued to the processor —

SYS_ RESETN. This line has an on module pull-up resistor 10 kOhm to a system 3.3V power rail. To
issue a reset to the processor it is necessary to ground this signal for at least 100us. The
SYS_RESETn is in fact the signal WARMRESET and therefore issuing this signal does not lead to the
hardware resetting of the CPU and returning all of its registers to the power-on state.

The SYS_RESETNnN signal is routed to the pin 35 of the P2 baseboard connector. Refer to the Table 2
for details.

3.16 Boot mode selection

uSomlQ is able to boot in two scenarios:
1) LCD_DATA2 (SYS_BOOT2) is floating

e MMC1

e MMCO

e UARTO

e USBO

2) LCD_DATA2 (SYS_BOQT?2) is pulled to GND (change boot mode to external SD, connected

to MMCO).

e SPIO

e MMCO

e USBO

e UARTO

For details check the section 26.1.5 of the AM335x Sitara™ Processors TRM (spruh73 document).

There are 16 pins that control the boot mode of the processor. These pins are shared with LCD pins of
the processor. Diagram 13 shows how the boot pins are arranged.
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SYS BOOTI14 [
SYS BOOTIS 2 LCD _DATAI4
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Diagram 13. Boot mode selection.

Table 1 shows two boot scenarios set by resistors on the uSomIQ:

Table 1. SYSBOOT Configuration Pins

SYS.BOOTI[.] | 5 4 3 2 1 0 Boot sequence

Spe A=Y B 1 1 0 0 0 SPI0-MMCO0-USBO-UARTO

Sys_boot[2]=1 | 1 1 1 1 0 0 MMC1-MMCO-UARTO-USBO
(default mode)

You can change the default boot sequence by adding, for example, a button to LCD_DATA2
(SYSBOOT?) line which will pull this line to GND (Diagram 14).

Reset and Boot select

ta

SYS BOOT2 1

LCD_DATA2 )
—
3 }. ‘3 4

sl

DGND
Hold S1 down and recycle the main power

Diagram 14. Boot mode changing schematic.

To change the boot scenario you need to apply the main 5VDC power to uSomIQ while holding the
SYS _BOOT2 line in low state. Resetting of AM335x does not change the boot sequence.

If you plan to use any of LCD_DATAXxxlines, then the respective CPU pins should not be driven on
power up. If you do, it can affect the boot mode of the processor and could keep the processor from
booting or working correctly.
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3.17 ETHERNET

uSomlQ has 10/100 Ethernet Physical Layer Transceiver SMSC/Microchip LAN8710A installed.
LAN8710A supports HP Auto-MDIX technology which means either a straight or a swap cable can be
used and this connection is detected automatically. Diagram 15 shows physical connection between
the PHY and the CPU. The PHY’s RST (reset) line is connected to the global reset signal
(SYS_RESETN) issued by the CPU.

Az "
MIIl_BEFCLE) e 2
107, THI . =
MDIO DATAE + 13 vow
MDIC CLE Lo MDC
MI]_FXD3<e Bt i, SALAYAL | BYXDIPHYAD:
NIT1 R X2 2 AT, QOB AP ISEL 2] EXDRMITSEL
m_le > P:l\h\/;\._ [l REmnasobE1 | [1] -.I EEDLMODE]
MITI BXDH o R QIR RADOMNIDED ] 1 FXDOMODED
MIT1 RXDV <2 rg o 1O e %1 pxow
MII1_EXCLE ; il % REFCLHG 7 'J| FCTE BT AD]
MIT_EXERE Bl s O _ J~I EXNEREXDEPHYADD
MIN_THCLE S MIDZIR_ THELK _] THCIE
MO _TXEM L] Txew
MIT T30 i e TXDO
MI1_TXD1 <€ x4t THDIL
MIT_TXD2 5 T_:l TXD2
MIL TXD3 ¢S — £ TXD3
MIT _COL g P 12)a Mok 7= COLCRS DV/MODE2
MI_CES DV B — 2o CES
100R e
7 .
:.Y‘-'._E.'ES\ETI'_{' OB DRI e mEST
= b Y KTAL1 5 .
e == NTALL/CLEIN
IM. DIND
Y _KTALZ 4a lT_l!LL:
FE2
1R
aatrd 1 ||:|| 3
1 I
25 D0OMHz
——ci21 ——ci23
TS =
L
GND

Diagram 15. Ethernet PHY SMSC LAN8710A connection to CPU.

3.18 EEPROM
3.18.1 EEPROM software configuration

Some configurations of uSomIlQ may hold an EEPROM IC which can be used to identify the board
between different software configurations. Basically uSomlQ does not have this IC because this
option adds cost but does not mean a lot since users usually build custom software where any HW
deviations can be considered.

For software compatibility between different platforms using the same software package the
Microchip 24LC32A IC can be installed on uSomlQ. This IC has 32 kB of memory where a
device ID can be placed. For device identification between general am335x platforms the
following structure description is used in software:

struct am335x_evm_eeprom_config { u32 header;
ug name[8]; char version[4]; u8 serial[12];
u8 opt[32];
3Nhere fields are:
e 32 bit header is the same OXAA5533EE for all AM335x platforms
e name is an ASCII array, “A335BNLTMEO06” is the uSomIQ identifier for the original
BeagleBone Black.
e version, serial, opt — means only for Beaglebone and TI EVM devices
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First 12 bytes are necessary for identification but the others can be ignored. If EEPROM is
erased or contains some random values uSomIQ may stop booting.

3.18.2 EEPROM hardware connection

EEPROM connects to 12C0 bus of the processor. Basically the EEPROM IC has the write protect
resistor which prevents EEPROM from occasional erasure.
Qwe GND
T sz

GND
u7 VDD 3V3A

12C0 SD;\)}—3 SDA  VCC

NC/WP

12C0 sc‘l.)}—' SCL VS8 10k oo

24LC32A 0.1uF

Aa1

5] () B

GND

Diagram 16. uSomlQ EEPROM connection.

If the resistor is populated (some configurations may not have this resistor) then any attempt to write
values to EEPROM is prohibited. For this reason two special probe points are on the board.

uSomlQ BBB 2.
MENTOREL.com . rgp o .
=2

LER ]

“
a

&
>
-
=
2

=
&-
»

A 4D I (D) ; e
The holes footprint is for 2mm jumper. To enable writes to EEPROM short these holes during write
procedure.

4 Baseboard connectors in details

Tables 2 and 3 hold full description of all signals routed to baseboard connector. These tables also
identify other important terminal characteristics:

Pl — power-in (external power supply)

PO — power-out (a user can use this source)

PWR - usually Ground

| —input

O — output

Al — analog input
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e AO - analog output

e OD - Open Drain

e Z — high impedance state during reset
e H — high voltage level during reset

e L —low voltage level during reset
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Table 2. P2 baseboard connector

Pin # Pin name Ball # Signal name Mode L9 E?:teet I/Olevel
1 5vDC Main power supply input Pl
PW R
2 Eie Ground
3 5VDC Main power supply input P
PW R
© Sh Ground
5 3vDC OUT 3.3V output PO
6 | 18vbcouT | 1.8V output (ADC) PO |
7 | 3vbcour | 3.3V output PO |
8 | PB_INTPS65217 | active-low push-button monitor I |
9 12C0 SDA i2c0_sda 0 /0D
PW R
- (NAROICHEN D Analog Ground for ADC
11 12C0 SCL i2c0_scl 0 /0D
12 ADC INO B6 AINO o Al Z 1.8V
mcasp0 axrl 0 /0
eQEPO_index 1 1/O
mcaspl_axr0 3 1/0
13 MCASPO_AXR1 D13 EMU3 4 1/0 L 3.3V
prl_pruO_pru_r30_6 5 O
prl_pruO_pru_r31_6 6 |
gpio3_20 7| 1/10
14 ADC IN1 | c7 | ANt o Al z | 18v
mcasp0 fsr 0 /0
eQEPOB in 1 |
mcasp0_axr3 2| 1/0
15 MCASPO_ FSR ci3 [measbl fsx 3 /o L 3.3V
EMU2 4 1/0
prl pru0_pru r30 5 5 O
prl pru0 _pru r31 5 6 |
gpio3_19 7| 1/10
16 ADC IN2 B7 AIN2 o Al Z 1.8V
mcasp0_aclkr 0 /O
eQEPOA in 1 1
mcasp0_axr2 2 1/0
17 | MCASPO_ACLKR | B12 [-1ncaspl ackx 3 /o L 3.3V
mmc0_sdwp 41
prl _pru0_pru r30 4 5 O
prl pru0 _pru r31 4 6 |
gpio3 18 7| 1/10
18 ADC IN3 A7 AIN3 o Al z 1.8V
mcasp0 ahclkr 0 /0
ehrpwmO0_synci 1 |
mcasp0_axr2 2 1/0
19 MCASPO_AHCLK c12 Spil_csq 3 1/0 L 3.3V
R eCAP2 in_ PWM2_ out 4 1/0
prl pru0 _pru r30 3 5 O
prl_pruO_pru_r31_3 6 |
gpio3_17 7 1/0
20 | ADC IN4 | c8 |AN4 o Al z | 18v
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Table 2. P2 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode | Type Z?:fet I/Olevel
mcasp0_axr0 0 I/O
ehrpwmO_tripzone_input 1 |
spil d1 3 110

21 MCASPO_AXRO D12 mmc2_sdcd 4 1 L 3.3V
prl pru0_pru r30 2 5 O
prl_pruO_pru_r31_2 6 |
gpio3_16 7| 110

22 | ADC IN5 | B8 |aAINs o Al z 1.8V
mcasp0_fsx 0 /0
ehrpwmOB 1 O
spil dO 3 110

23 MCASPO_FSX mmcl_sdcd 4 1 L 3.3V
prl pru0_pru r30 1 5 O
prl_pru0_pru_r31_1 6 |
gpio3_15 7| 110

24 ADC IN6 A8 AING6 ol Al Z 1.8V
mcasp0 ahclkx 0 I/O
eQEPOQ_strobe 1 1/0
mcasp0_axr3 2| /0

o5 MCASPO_AHCLK Alq  |Measpl axrl 3 110 L 33V

X EMU4 4 1/0

prl_pruO_pru_r30 7 5 O
prl_pruO_pru_r31_7 6 |
gpio3_21 7| 110

26 ADC IN7 C9 AIN7 ol Al Z 1.8V
mcasp0_aclkx 0 l/o
ehrpwmOA 10
spil_sclk 3 /0

27 MCASPQO_ACLKX A13 mmc0_sdcd 4 | L 3.3V
prl_pru0_pru_r30_0 5 O
prl_pruO_pru_r31_0 6 |
gpio3_14 7 1/0

28 ANALOG GND Powe r

29 BAT_IN TPS65217 BAT IN
uart0 rxd 01
spil _cs0 1 1/0
dcanQ_tx 20O

30 UARTO RX E15 IZCZ—SD_A 3 /oD z 3.3V
eCAP2 in PWM2 out 4 1/0
prl prul pru r30 14 5 O
prl prul pru r31_14 6 |
gpiol_10 7| 110

31 BAT_SENSE TPS65217 BAT SENSE
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Table 2. P2 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode T)ép Reset state | 1/Olevel
uart0_txd 0 O
spil_csl 1 /0
dcanO rx 2 1

32 UARTO TX E16 12C2_SCL 3 VoD z 3.3V
eCAP1 in PWM1 out 4 1/0
prl prul pru r30 15 5 O
prl prul pru r31 15 6 |
gpiol 11 7| I/0

33 BAT_TS | TPS65217 BAT TS
uartl rtsn 0 O
timer5 1 /O
dcan0_rx 2 1

34 UART1 RTS D17 I2C.:2_SCL 3 /oD z 3.3V
spil_csl 4 110
prl_uartO_rts n 5 O
prl _edc latchl_in 6 |
gpio0_13 7| 110

35 | SYS_RESETN | A10 | nRESETIN OUT 0l /oD o | 3av
uartl ctsn 01
timer6 1] I/O
dcan0_tx 21 O

36 UART1 CTS D18 I2CFZ_SDA 3 /oD z 3.3V
spil_csO 4 1/0
prl uart0_cts_n 5 1
prl_edc_latchO in 6 |
gpio0_12 7| I/0
xdma event intrl 0 |
tclkin 21
clkout2 3 O

37 GPIO0_20 D14 timer7 4 1/0 z 3.3V
prl_pruO_pru_r31_16 5 1
EMU3 6| I/0
gpio0_20 7] 110
uartl rxd 0 |
mmcl_sdwp 1 |
dcanl tx 21 O

38 UART1 RX D16 I2C1_SDA 3| /0D z 3.3V
prl_uartO_rxd 5 1
prl prul pru r31 16 6| |
gpio0_14 7] 110
xdma_event_intr0 0 |
timer4 2| 110
clkoutl 3 O

39 GPIOO0_19 A15 spil csl 4 1/0 z 3.3V
prl prul pru r31 16 5 |
EMU2 6| 1/10
gpio0_19 7] 110
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Table 2. P2 baseboard connector (continues)

Pin # nzme Ball # Signal name Mode 119 = Reset state | I/Olevel
uartl txd 0 O
mmc2_sdwp 1 |
dcanl rx 2 1
s0 | VAT p1s [iact scL 3 oD z 33V
prl_uartO_txd 5 O
prl_pru0_pru_r31_16 6 |
gpio0_15 7, 110
41 GND PWR
spi0 csi1 0 /0
uart3_rxd 1 |
eCAP1 in_PWM1_out 2| I/0
42 UART3 cis mmc0_pow . 3 0 7 3.3V
RX xdma_event_intr2 4 |
mmcO0_sdcd 5 1
EMU4 6| I/0
gpio0_6 7| 110
uartO_rtsn 0 O
uart4_txd 1 O
dcanl rx 2 |
43 DCAN1 E17 12C1_SCL 3 /0D 7 3.3V
RX spil_d1 4 1/0
spil_cs0 5 1/0
prl_edc_syncl_out 6] O
gpiol_9 7| I/O
eCAPO_in_PWMO_out 0 I/O
uart3_txd 1 O
spil_csl 2| 110
a4 UART3 cis prl_ecapO_ecap_capin_apwm_o 3 /0 7 3.3V
™ spil_sclk 4 1/0
mmc0_sdwp 5 1
xdma_event_intr2 6 |
gpio0_7 71 110
uart0 ctsn 0 |
uart4 rxd 1 1
dcanl tx 2 O
45 DCAN1 E18 I2C1_SDA 3 /0D 7 3.3V
™ spil_do 4 1/0
timer7 5 /0
prl_edc_syncO_out 6] O
gpiol 8 7 110
spi0_d1 0 /10
mmcl_sdwp 1 |
I2C1_SDA 2| I/OD
46 SPI0 D1 B16 ehrpwmO_tripzone_input 31 7 3.3V
- prl_uartO_rxd 4 |
prl_edio_data_in0 5 1
prl_edio_data outO 6] O
gpio0_4 71 110
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Table 2. P2 baseboard connector (continues)

Pin # Pin name | Ball# Signal name Mode (e Reset state | I/Olevel
mmc0_dat3 0 I/O
gpmc_a20 1 O
uart4 ctsn 2 |
MMCO timer5 3 /O
47 DATA3 FL7 uartl_dcdn 4 | z 33V
prl pru0 pru r30 8 5 O
prl pru0 pru r31 8 6 |
gpio2_26 7| 110
spi0_doO 0 I/O
uart2_txd 1 O
12C2_SCL 2| /0D
48 spio Do | B17  |ErRwmOB 30 z 3.3V
- prl_uartO _rts n 4 O
prl_edio_latch_in 5 1
EMU3 6| 1/10
gpio0_3 7| 110
mmcO0_dat2 0 I/O
gpmc_a2l 14 O
uart4_rtsn 20
MMCO timer6 3 I/O
49 DATA2 Fi8 uartl_dsrn 4 1 : 3.3V
prl_pruO_pru_r30_9 5 O
prl_pruO_pru_r31_9 6 |
gpio2_27 7| 110
spi0_sclk 0 I/O
uart2_rxd 1 1
12C2_SDA 2| /0D
50 SPIO A17 ehrpwmOA 3 0 7 3.3V
SCLK prl uart0 cts n 4 |
prl_edio_sof 5 O
EMU2 6| 1/0
gpio0_2 7 1/0
mmc0O datl 0 1/0
gpmc_a22 1 O
uarts ctsn 2 |
MMCO uart3_rxd 3 |
>4 DATAL 13 uartl_dtrn 4 0 : 3.3V
prl pru0_pru r30 10 5 O
prl pru0_pru r31 10 6 |
gpio2_28 7| 1/10
spi0_cs0 0 110
mmc2_sdwp 1 |
I2C1_SCL 2| /OD
52 | spocso| Ale |-erRwmO_synci 31 z 3.3V
prl_uart0_txd 4 O
prl_edio data inl 5 1
prl_edio data outl 6| O
gpio0_5 71 1/0
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Table 2. P2 baseboard connector (continues)

Pin # nzme Ball # Signal name Mode 119 = Reset state | I/Olevel
mmcO0_dat0 0 I/O
gpmc_a23 1 0
uarts_rtsn 2 O
MMCO uart3_txd 3 0
53 DATAQ G16 —— A H 3.3V
prl pru0 pru r30 11 5 O
prl pru0 pru r31 11 6 |
gpio2_29 7| I/O
USBO
54 VBUS P15 | yseo vBUS o A z 5V
mmc0_cmd 0 1/10
gpmc_a25 1 O
uart3_rtsn 2 0O
55 MMCO c18 uart2_txd 3 0 H 3.3V
CMD dcanl rx 4 |
prl_pru0_pru_r30_ 13 5 O
prl_pru0_pru_r31_13 6 |
gpio2_31 7| I/O
56 DE\S/ESS F16 US.BO_DRWBUS 0 O L 33V
gpio0_18 7| 1/10
mmc0_clk 0 1/10
gpmc_a24 14 O
uart3 ctsn 2 |
MMCO uart2_rxd 3 |
57 CLKO G17 el i G H 3.3V
prl pru0_pru r30 12 5 O
prl pru0_pru_r31 12 6| |
gpio2_30 71 110
58 USBO ID P16 USBO_ID 0 A V4 3.3V
59 GND Ground PWR
60 GND Ground
61 ETH ' 3
RX+ Ethernet Receive Positive
62 USBO+ USBO DATA POSITIVE 0 A z 3.3VA
63 | ETHRX- | Ethernet Receive Negative |
64 | usBo- | USBO DATA NEGATIVE oA z | 33vA
65 | GND | Ground PWR |
66 | GND | Ground PWR |
67 | ETHTX+ | Ethernet Transmit Positive |
68 ‘ ETH LED | ‘
100Mb Ethernet LED 100Mb
69 | ETHRX- | Ethernet Transmit Negative |
ETH
70 ‘ ACTIVE ‘
LED Ethernet LED Activity
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Table 3. P3 baseboard connector

. Pin ] T
Pin # name Ball # Signal name Mode )ép Reset state | I/Olevel
Icd_datad 0| 110
gpmc_a4 1 0
prl_mii0_txdl 21 0
1 D"ACT% TL | eQEP2A in 3 z 3.3V
prl prul pru r30 4 5 O
prl prul pru r31 4 6| |
gpio2_10 7| 110
Icd_data6 | o 1o
gpmc_aé | 1 o
prl_edio_data_in6 | 21
LCD eQEP2_index | 3 110
2 DATA6 T3 prl_edio_data_outé | 4 0 z 3.3V
pri_prul_pru_r30_6 | 5 O
pri_prul_pru_r31_6 | 6 I
gpio2 12 71 110
lcd_data5 0 110
gpmc_a5 1 O
prl_mii0_txd0 210
3 D'-ACTis T2 | eQEP2B in 31 z 3.3V
prl_prul pru_r30 5 5 O
prl_prul pru_r31 5 6 |
gpio2_11 7| 1/O
lcd_data?7 | o 1o
gpmc_a? | 1 o
prl_edio_data_in7 | 21
LCD eQEP2_strobe | 3 110
“ DATA7 T4 | pr1_edio_data_out? | 40 z 3.3V
prl_prul_pru_r30_7 | 5 0O
prl_prul_pru_r31_7 | g I
gpio2 13 71 1/10
lcd_data3 0 110
gpmc_a3 1 O
prl_mii0_txd2 210
5 D%A?’iS R4 ehrpwmO_synco 3 0 z 3.3V
prl _prul pru r30_3 5 O
prl _prul pru r31_3 6 |
gpio2_9 71 /10
lcd_data8 | o 1o
gpmc_al2 | 1 o
ehrpwm1_tripzone_input | 21
LCD mcaspO0_aclkx | 3 110
6 DATAS Ul 1 yars txd | 40 z 3.3V
prl_mii0_rxd3 | g I
uart2_ctsn | g |
gpio2 14 7 1/10
Icd data2 0 1/0
gpmc_a2 1 O
LCD prl_mii0_txd3 2l O
7 DATA2 R3 ehrpwm?2_tripzone_input 3 | z 3.3V
prl prul pru r30 2 4 O
prl _prul pru r31_2 5 |1
gpio2_8 6] 110
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Table 3. P3 baseboard connector (continues)

Pin # Pin Ball # Signal name Mode | TP | Reset state | I/Olevel
name €
Icd_data9 0| 110
gpmc_al3 1 0
ehrpwm0_synco 21 0
LCD mcasp0_fsx 3 I/O
8 DATA9 V2 uarts_rxd 4 | z 3.3V
prl_mii0_rxd2 5 1
uart2_rtsn 6 O
gpio2_15 7| 110
lcd_datal | o 1o
gpmc_al | 1 o
prl_mii0_txen | 20
9 D'-ACTil R2 ehrpwm2B | 30 Z 3.3V
pri_prul_pru_r30_1 | 5 O
prl_prul_pru r31 1 | 6 I
gpio2 7 7| 1/0
lcd_datalO 0| 110
gpmc_al4d 1 O
LCD ehrpwm1A 210
10 DATA10 u3 mcasp0_axr0 3 I/O 4 3.3V
prl_mii0_rxdl 5 1
uart3 ctsn 6 |
gpio2_16 71 110
lcd_data0 | o 1o
gpmc_a0 | 1 o
prl_mii_mt0_clk | 21
11 Dl,_AC':I'iO R1 ehrpwm2A | 3 o z 3.3V
prl_prul_pru_r30_0 | 5 O
pri_prul_pru_r31_0 | g I
gpio2 6 71 110
Icd_datall 0 I/O
gpmc_al5 1 O
ehrpwm1B 21 0
LCD mcasp0_ahclkr 3 110
12 DATA11 u4 mcasp0_axr2 4 1/0 z 3.3V
prl_mii0_rxdO 5 1
uart3_rtsn 6 O
gpio2_17 71 /10
Icd_ac_bias_en | 0| (@)
gpmc_all | 1 o
b prl_miil_crs | 21
13 Data R6 prl_edio_data_in5 | ol z 3.3V
Enable prl_edio_data_out5 | 4 0
pri_prul_pru_r30_11 | 5 0O
prl_prul_pru_r31 11 | g I
gpio2 25 | 71 10

Document revision “c”

31



Mentorel BeagleBone uSomIQ (module rev.6)

mentorel

Table 3. P3 baseboard connector (continues)

Pin # Pin Ball # Signal name Mode Typ Reset state | I/Olevel
name €
lcd_datal2 0| 110
gpmc_al6 1 0
eQEP1A in 21
LCD mcasp0_aclkr 3 I/O
14 DATA12 v mcasp0_axr2 4 /0 z 3.3V
prl_mii0_rxlink 5 1
uart4_ctsn 6| |
gpio0_8 7| 110
lcd_hsync | 0| @]
gpmc_a9 | 1 o
gpmc_a2 | 20
LCD prl_edio_data_in3 | 31
15 HSYNC RS prl_edio_data_out3 | 4 o z 3.3V
pri_prul_pru_r30_9 | 5 O
pri_prul_pru_r31_9 | g |
gpio2 23 71 /0
Icd_datal3 0 I/0
gpmc_al7 1 O
eQEP1B_in 21
LCD mcasp0_fsr 3 I/O
1 | pataz | Y? [mcaspo_axs 4 10 z 33V
prl_mii0_rxer 5 1
uart4_rtsn 6 O
gpio0_9 7| 1/O
lcd_vsync | 0| @]
gpmc_as8 | 1 o
gpmc_al | 20
LCD prl_edio_data_in2 | 31
2 VSYNC US| or1_edio data_out2 | 40 z 3.3V
pri_prul_pru_r30_8 | 5 O
prl_prul_pru_r31_8 | g I
gpio2 22 71 1/10
Icd_datal4 0 I/O
gpmc_al8 1 O
eQEP1_index 2 /O
LCD mcasp0_axrl 3 110
18 DATA14 va uarts_rxd 4 | z 3.3V
prl_mii_mrO_clk 5 1
uart5_ctsn 6 |
gpio0_10 7| 110
lcd_pclk | o o
gpmc_al10 | 1 o
prl_mii0_crs | 21
LCD prl_edio_data_in4 | 31
e PCLK VS prl_edio_data_out4 | 4 0 z 3.3V
prl_prul_pru_r30_10 | 5 0
prl_prul_pru_r31_10 | g |
gpio2 24 | 71 10
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Table 3. P3 baseboard connector (continues)

prl_mdio_data

I/0

EMU4

/0

Pin # Pin name Ball # Signal name Mode o & Reset state | I/Olevel
Icd_datal5 0 110
gpmc_al9 1 O
eQEP1_strobe e
20 LCD DATAL5 75 [ mcasp0_ahclkx 3 /o z 3.3V
mcasp0_axr3 4] 1/0
prl_mii0_rxdv 5 1
uart5_rtsn 6] O
gpio0_11 7 1/10
21 GND PWR
22 GND PWR
gpmc_ad0 | 0| 1/0
23 GPMC ADO u7 mmc1_dat0 | 1| /O L 3.3V
gpiol O 7 110
gpmc_advn_ale 0 O
24 GPMC ALE R7 timer4 e H 3.3V
gpio2_2 7| 110
gpmc_adl | O| 1/0
25 GPMC AD1 mmcl_datl | 1] /o L 3.3V
gpiol 1 7| 1/O
gpmc_oen_ren 0 O
26 GPMC OE T7 timer7 2| 1/O H 3.3V
gpio2_3 7| 110
gpmc_ad?2 | O| 1/0
27 GPMC AD2 R8 mmcl_dat2 | 1] /o L 3.3V
gpiol 2 7] 110
gpmc_csn0 0 O
28 GPMC CS0 V6 gpiol 29 0 H 3.3V
gpmc_ad3 | O| 1/0
29 GPMC AD3 T8 mmcl_dat3 | 1] /O L 3.3V
gpiol 3 7l 110
gpmc_wen 0 O
30 GPMC WE u6 timer6 2 1/O H 3.3V
gpio2_4 7 1/10
gpmc_ad4 | O| 1/0
31 GPMC AD4 U8 mmcl_dat4 | 1] /O L 3.3V
gpiol 4 7] 110
gpmc_advn_ale 0 O
32 GPMC CLE R7 timer4 2 1/10 H 3.3v
gpio2_2 7| 110
gpmc_ad5 | O| 1/0
33 GPMC AD5 V8 mmcl_dat5 | 1| /O L 3.3V
gpiol 5 7] 1/0
gpmc_csn3 0 O
gpmc_a3 1 O
rmii2_crs_dv 21
34 GPMC CS3 T13  [nme2 cmd 3 /o H 3.3V
prl_mii0_crs 4 1
5
6
7|

gpio2_0

/0
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Table 3. P3 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode Tip Reset state | 1/Olevel
gpmc_ad6 | O| /0
35 GPMC AD6 R9 mmcl_dat6 | 1] /O L 3.3V
gpiol 6 7 1/10
gpmc_csn2 0 O
gpmc_beln 140
mmcl cmd 2 1/0
36 GPMC CS2 vg | prledio data in7 3 1 H 3.3V
prl_edio data out7 4 O
prl prul pru r30 13 5 O
prl prul pru r31 13 6 |
gpiol_31 7| 1/10
gpmc_ad7 | O| 1/0
37 GPMC AD7 T9 mmc1_dat7 | 1| 110 L 3.3V
gpiol 7 7| /10
gpmc_csnl 0 O
gpmc_clk 1 /0
mmcl_clk 2| 110
38 GPMC CS1 ug | 2_edio_data_in6 3 H 3.3v
prl_edio_data_out6 4 O
prl_prul pru_r30 12 5 O
prl_prul pru_r31_ 12 6 |
gpiol_30 7| 110
gpmc_ad8 | O| 1/0
lcd_data23 | 1 o
mmcl_dat0 | 2| 110
39 GPMC ADS8 U10 | mmc2_dat4 | 3 110 L 3.3V
ehrpwm2A | 40
pri_mii_mt0_clk | g I
gpio0 22 71 110
gpmc_clk 0 110
lcd_memory_clk 14 O
gpmc_waitl Z
40 GPMC CLK vip mme2 ck 3 Vo L 3.3V
prl_miil_crs 4 1
prl_mdio_mdclk 5 O
mcasp0_fsr 6| 1/10
gpio2_1 7] 110
gpmc_ad9 | O| 1/0
lcd_data22 | 1 o
mmcl_datl | 2| 110
41 GPMC AD9 T10 mmc2_dat5 | 3 1/0 L 3.3V
ehrpwm2B | 4 0
pri_mii0_col | g |
gpio0 23 71 110
gpmc_adll 0 110
Icd_data20 1 O
mmcl_dat3 2| /0
42 GPMC AD11 u12 mmc2_dat7 3 1/0 L 3.3V
ehrpwmO0_synco 4 O
prl_mii0_txd3 5 O
gpio0_27 7| 1/O

Document revision “c”

34



Mentorel BeagleBone uSomIQ (module rev.6) mentorel

Table 3. P3 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode Tﬁp Reset state | 1/Olevel
gpmc_ad10 | 0| I/0
lcd_data21 | 1 o
mmcl_dat2 | 2 1o
43 GPMC AD10 T11 | mmc2_dat6 | 3 110 L 3.3V
ehrpwm2_tripzone_input | 4 |
prl_mii0_txen | 5 0
gpio0 26 71 1/0
gpmc_adl12 0 110
lcd_datal9 1 O
mmcl dat4 2| 110
44 | GPMCAD12 | Ti2 |mmcZ datd 3 /o L 3.3V
eQEP2A in 4 |
prl_mii0_txd2 5 O
prl_pruQ_pru_r30_14 6 O
gpiol_12 7| 110
gpmc_ad14 | o 1o
lcd_datal7 | 10
mmcl_dat6 | 2 110
mmc2_dat2 | 3 110
45 GPMC AD14 V13 eQEP2. index | 4 110 L 3.3V
pri_mii0_txd0 | 5 O
prl_pru0_pru_r31_14 | g |
gpiol 14 71 1/0
gpmc_adl3 0 I/O
lcd_datal8 1 O
mmcl_dat5 2 /O
46 GPMCAD13 | R1z | Mmmc2 datl 3 /o L 3.3V
eQEP2B_in 4 |
prl_mii0_txdl 5 O
prl pru0_pru r30 15 6] O
gpiol_13 7| 1/0
gpmc_ad15 | 0| I/O
lcd_datal6 | 1 o
mmcl_dat7 | 2 110
mmc2_dat3 | 3 /o
47 GPMC AD15 u13 eQEP2_strobe | 4| 1o L 3.3V
prl_ecap0O_ecap_capin_apwm_o | 5 110
pri_pru0_pru_r31_15 | g |
gpiol 15 71 110
gpmc_a0 0 O
gmii2_txen 1 O
rgmii2_tctl 210
48 GPMC A0 R13 |Mii2_ben 30 L 3.3V
gpmc_al6 4 O
prl_mii_mtl_clk 5 |
ehrpwm1_tripzone_input 6 |
gpiol 16 7] 110

Document revision “c” 35



Mentorel BeagleBone uSomIQ (module rev.6)

mentorel

Table 3. P3 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode Tip Reset state | 1/Olevel
gpmc_a6 | O| o
gmii2_txclk | 1 1
rgmii2_tclk | 2l o
mmc2_dat4 | 3 110
49 GPMC A6 u15 gpme. a22 | 40 L 3.3V
prl_miil_rxd2 | g |
eQEP1_index | 6 1/0
gpiol 22 7] 1/10
gpmc_al 0 O
gmii2_rxdv 1 |
rgmii2_rctl 21
50 GPMC Al vig | mmc2_dato 3 /o L 3.3V
gpmc_al7 4 O
prl miil_txd3 5 O
ehrpwm0_synco 6| O
gpiol_17 7| 110
gpmc_a? | o o
gmii2_rxclk | 1 1
rgmii2_rclk | 2
mmc2_dat5 | 3 110
51 GPMC A7 T15 gpme. a23 | 40 L 3.3V
pri_miil_rxd1l | 5 |
eQEP1_strobe | 6| 110
gpiol 23 7| 1/0
gpmc_a2 0 O
gmii2_txd3 10
rgmii2_td3 20
52 GPMC A2 U4 | mme2 datl 3 /o L 3.3V
gpmc_al8 4 O
prl_miil_txd2 5 O
ehrpwm1A 6| O
gpiol_18 7| 110
gpmc_a8 | O| @)
gmii2_rxd3 | 1 1
rgmii2_rd3 | 21
53 GPMC A8 vig | Mmme2_date | | e L 3.3V
gpmc_a24 | 4 0
pri_miil_rxd0O | g |
mcasp0_aclkx | 6| 1/0
gpiol 24 71 1/0
gpmc_a3 0 O
gmii2_txd2 10
rgmii2_td2 20
54 GPMC A3 T14 | MMC2_dat 3 /o L 3.3V
gpmc_al9 4 O
prl miil_txd1l 5 O
ehrpwm1B 6l O
gpiol 19 7 1/0
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Table 3. P3 baseboard connector (continues)

Pin # Pin name Ball # Signal name Mode o & Reset state | I/Olevel
gpmc_a9 | O| @)
gmii2_rxd2 | 1 1
rgmii2 rd2 | 21
mmc2_dat7 / rmii2_crs_dv
55 GPMC A9 u16 3 1o L 3.3V
gpmc_a25 | 4 o
pri_mii_mrl_clk | g |
mcasp0_fsx | 6 1/0
gpiol 25 7| 1/O
gpmc_a4 0 O
gmii2_txd1 10
rgmii2_td1 2 O
56 GPMC A4 R14 |2 xdl 3 O L 3.3V
gpmc_a20 4 O
prl miil_txdO 5 O
eQEPI1A in 6 |
gpiol_20 7| 110
gpmc_al0 | O|
gmii2_rxd1 | 1
rgmii2_rd1 | 2|
57 GPMC A10 T16 | Mi2_rxdl | 3 L 3.3V
gpmc_a26 | 4
pri_miil_rxdv | 5|
mcasp0_axr0 | 6]
gpiol 26 7
gpmc_a5 0 O
gmii2_txd0 10
rgmii2_tdo 20
58 GPMC A5 vis [[mii2_xdo 30 L 3.3V
gpmc_a2l 4 O
prl_miil_rxd3 5 1
eQEPI1B in 6 |
gpiol_21 7| 110
gpmc_all | oo
gmii2_rxd0 | 1 1
rgmii2_rd0 | 21
rmii2_rxdo | 31
59 GPMC A1l V7 | Come 27 | i L 3.3V
prl_miil_rxer | g |
mcasp0_axrl | 6| /0
gpiol 27 | 71 1o
60 | GND Ground | | PWR
gpmc_wpn | oo
gmii2_rxerr | 1 1
gpmc_csn5 | 2l 0
61 GPMC WP ul7 rmiiZ_rxerr | 3| ! H 3.3V
mmc2_sdcd | 4 1 '
pri_miil_txen | 5 O
uart4_txd | 6 O
gpio0 31 71 110
62 USB1 VBUS T18 USB1 VBUS 0 VA
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Table 3. P3 baseboard connector (continues

gpmc_wait0 | 0| |
gmii2_crs | 11
gpmc_csn4 | 20
rmii2_crs_dv | 31

63 GPMC WAIT T17 mme_sded | 4| | H 3.3V
prl_miil_col | g 1
uart4_rxd | g |
gpio0 30 7 1/0

USB1 USB1 DRVVBUS 0 O

64 DRVVBUS F15 9pio3_13 70 L 3.3V
gpmc_beln | 0| (@)
gmii2_col | 1 1
gpmc_csné | 2l o

65 GPMC BE1 ulg | Mme2. das | 4 lio H 3.3V
gpmc_dir | 4 0
prl_miil_rxlink | g |
mcasp0_aclkr | g 1/0
gpiol 28 | 71 10

66 GND Ground

e | ussi use1 o I R
70 USB1- R18 USB1 DM 0
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5. Absolute maximum ratings
5.1 ELECTRICAL CHARACTERISTICS

Table 4. Electrical characteristics

ltem | Min. Typ. | Max. | units
Power
5VDC input 4.3 5 5.5 V
Consumption 400 1000 mA
3.3V output 3.3 V
Possible current load for 3.3V output
LDO TL5209DR installed 300 mA
LDO TL5209DR not installed 100 mA
1.8V output 1.75 1.8 1.85 V
Possible current load for 1.8V output 50 mA
Voltage levels for 1/10
All GPIO and interfaces 3.3 3.8 V
USB -0.5 4 V
USBO VBUS /USB1 VBUS 5.25 V
USBO ID -0.5 2.1 V
Ethernet DM/DP 6 V
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5.2 Mechanical specification

All units are in millimeters.
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Diagram 17. uSomIQ dimensions.

Table 5. Mechanical properties

Item Typ Units
Length 55 mm
Width 40 mm
Thickness (max.) 5.2 mm
Mass 5 gram
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5.3 Thermal specification
Table 6. Temperature ratings

Temperature °C Min. Max.
Storage -40 +85
Working (industrial) -40 +85
Humidity %, without condensing 10 70

5.4 Available baseboard connectors

FCI MezzoStak connectors with 70 pins are used on both uSomIQ and a baseboard. MezzoStak is a
family of hermaphrodite connectors that means that the same part numbers are used for mating.

The following connector may be used for the baseboard connectivity:

Vendor Part number
FCI 10106813-071112LF
FCI 10106813-171112LF (not recommended)
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6. Document history

Version Date Changes Description

a 25/11/2015 Initial revision

b 14/05/2016 Product name changed to BeagleBone uSomlQ. Minor changes in
text

C 05/12/2018 Added P2/P3 positions to Diagram 17
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