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6 www.kontron.com

1 UseriInformation

1.1  About This Document

This document provides information about products from Kontron and/or its subsidiaries. No warranty of suitability,
purpose, or fitness is implied. While every attempt has been made to ensure that the information in this document is
accurate, the information contained within is supplied “as-is” and it is subject to change without notice.

For the circuits, descriptions and tables indicated, Kontron assumes no responsibility as far as patents or other rights
of third parties are concerned.

1.2 Copyright Notice
Copyright © 2012 Kontron America Inc.

All rights reserved. No part of this document may be reproduced, transmitted, transcribed, stored in a retrieval
system, or translated into any language or computer language, in any form or by any means (electronic, mechanical,
photocopying, recording, or otherwise), without the express written permission from Kontron.

1.3 Trademarks

The following lists the trademarks of components used in this board.

» NVIDIA, Tegra, ARM and all other products and trademarks mentioned in this manual are trademarks of their
respective owners.

1.4 Quality Standards

Kontron is certified to ISO 9000 Quality Standards.

1.5 Warranty

This Kontron product is warranted against defects in material and workmanship for the warranty period from the date
of shipment. During the warranty period, Kontron will at its discretion decide to repair or replace defective products.

Within the warranty period, the repair of products is free of charge as long as warranty conditions are observed.

The warranty does not apply to defects resulting from improper or inadequate maintenance or handling by the buyer,
unauthorized modification or misuse, operation outside of the product's environmental specifications or improper
installation or maintenance.

Kontron will not be responsible for any defects or damages to other products not supplied by Kontron that are caused
by a faulty Kontron product.
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1.6 Technical Support

Technicians and engineers from Kontron and/or its subsidiaries are available for technical support. We are committed
to making our product easy to use and will help you use our products in your systems.

Please consult our website at http://www.kontron.com/support for the latest product documentation, utilities, drivers
and support contacts. Consult our customer section http://emdcustomersection.kontron.com/ for the latest software
downloads, Product Change Notifications and additional tools and software. In any case you can always contact your
boardsupplierfortechnical support.

7 www.kontron.com
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2 Introduction

The SMARC® (Ultra Low Power — Computer on Module) sAT30 is a versatile small form factor Computer-On-Module
that requires low power and provides high performance at low cost. The module connector has 314 edge fingers that
mate with a low profile 314 pin 0.5mm pitch right angle connector (this connector is sometimes identified as an 321
pin connector, but 7 pins are lost to the key).

Featuring NVIDIA’s Tegra T30 System-on-Chip, Kontron's SMARC sAT30 offers LVDS, Parallel LCD, HDMI Display,
Gigabit Ethernet, PCle, SATA, USB, USB OTG, Camera support and superior graphics performance in a cost effective, low
power, miniature package. Kontron's SMARC sAT30 thin and robust design makes it an ideal building block for
reliable system design.

Caution! The SMARC sAT30 module is ESD sensitive equipment. Users must observe precautions for handling
electrostatic discharge sensitive devices.

2.1 Feature Set Overview

» SMARC compliant in an 82mm x 50mm form factor.

» NVIDIA Tegra 3 quad-core ARM Cortex A9 SoC
»  Upto 1.3GHz operation (Quad core operation, restricted temperature range).
» Upto 1.2 GHz operation (Quad core, over 0 — 60 °C temp range, with appropriate heat sink).
»  Upto 1.4 GHz operation (Single core mode).

» Upto 2GB of DDR3 SDRAM support.

» On-board NAND flash (eMMC) support up to 64GB.

» On-board Intel 1210 (Springville) GbE controller.

» Single channel 18bit LVDS display support (24 bit/ 18 bit compatible as well).

M

24 hit parallel LCD display support.
» HDMI output.

» 1.8V Module I/O support.

» GPIO support.

» SDIO support.

» 12S support.

» 12C support.

» Two Serial Camerainterfaces (CSI).
» Two PCle ports.

» USB and USB (On-The-Go®) OTG support.
» Watch Dog Timer (WDT) support.

» UART support.

» SATA support.

>~
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2.2 SoftwareSupport/Hardware Abstraction

The Kontron sAT30 Module is supported by Kontron BSPs (Board Support Package). The first SAT30 BSP targets Linux
support and is available under Kontron part number 771-242-00. BSPs for other operating systems are planned. Check
with your Kontron contact for the latest BSPs.

This manual goes into a lot of detail on I/O particulars — information is provided on exactly how the various SMARC
edge fingers tie into the NVIDIA SoC and to other Module hardware. This is provided for reference and context. Most of
the I/O particulars are covered and abstracted in the BSP and it should generally not be necessary for sAT30 users to
deal with 1/O at the register level.

2.3 Document and Standards References

2.3.1 External Industry Standard Documents
» CSI-2 (Camera Serial Interface version 2) The CSI-2 standard is owned and maintained by the MIPI Alliance
(Mobile Industry Processor Alliance) (www.mipi.org).
» D-PHY CSI-2 physical layer standard — owned and maintained by the MIPI Alliance (www.mipi.org).

» eMMC (Embedded Multi-Media Card) the eMMC electrical standard is defined by JEDEC JESD84-B45 and the
mechanical standard by JESD84-C44 (www.jedec.org).

GbE MDI (Gigabit Ethernet Medium Dependent Interface) defined by IEEE 802.3. The 1000Base-T operation
over copper twisted pair cabling is defined by IEEE 802.3ab (www.ieee.org).

>

<

>

<

HDMI Specification, Version 1.3a, November 10, 2006 © 2006 Hitachi and other companies (www.hdmi.org).

>

<

The 12C Specification, Version 2.1, January 2000, Philips Semiconductor (now NXP) (www.nxp.com).

» 12S Bus Specification, Feb. 1986 and Revised June 5, 1996, Philips Semiconductor (now NXP)
(www.nxp.com).

» JTAG (Joint Test Action Group) defined by IEEE 1149.1-2001 - IEEE Standard Test Access Port and Boundary
Scan Architecture (www.ieee.org).

» MXM3 Graphics Module Mobile PCI Express Module Electromechanical Specification, Version 3.0, Revision
1.1, © 2009 NVIDIA Corporation (www.mxm-sig.org).

» PICMG® EEEP Embedded EEPROM Specification, Rev. 1.0, August 2010 (www.picmg.org).

P

v

PCI Express Specifications (www.pci-sig.org).

» Serial ATA Revision 3.1, July 18, 2011, Gold Revision, © Serial ATA International Organization (www.sata-
i0.org).

SD Specifications Part 1 Physical Layer Simplified Specification, Version 3.01, May 18, 2010, © 2010 SD
Group and SD Card Association (Secure Digital) (www.sdcard.org).

SPDIF (aka S/PDIF) (Sony Philips Digital Interface) - IEC 60958-3.

>

<

>

<

» SP1Bus—"Serial Peripheral Interface”—de-facto serial interface standard defined by Motorola. Agood
description may be found on Wikipedia (http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus).

» USB Specifications (www.usb.org).

9 www.kontron.com
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2.3.2

Kontron Documents

» Ultra Low Power — Computer On Module Hardware Specification, version 1.2, September 19, 2012. ©

Kontron 2012.

» Ultra Low Power—Computer On Module “Evaluation Carrier” User Manual, Version 1.0, September 10,

2012. ©Kontron 2012.

» Ultra Low Power — Computer On Module “Evaluation Carrier” Quick Start Manual, Version 1.0, September

2.3.3

10,2012. ©Kontron 2012.

Kontron Schematics

The following schematic numbers are listed for reference. The Module schematic is not usually available outside of
Kontron, without special permission. The other schematics may be available, under NDA or otherwise. Contact your
Kontron representative for more information. The SMARC Evaluation Carrier schematic is particularly useful as an example
of the implementation of various interfaces on a Carrier board.

»
»
»
»
»

»

2.3.4

»

»

2.3.5

»

»

»

»

2.3.6

»

SAT30 Module, KAI 501-141, latest revision.

SMARC Evaluation Carrier (KARMA Eval Carrier) Board Schematic, KAI 501-146, latest revision.
eMMC Mezzanine Schematic, KAl 501-151, latest revision.

KLAS Schematic, Hyundai 1366 x 768 Single Ch. LVDS, KAI 501-162, latest revision.

KLAS Schematic, NEC 1280 x 768 Single Ch. LVDS, KAI 501-163, latest revision.

KLAS Schematic, Dual Channel LVDS 40 pin VESA Standard, KAI 501-165, latest revision.

NVIDIA Hardware Documents

NVIDIA T30 Design Guidelines DG-05576-001_v10, Version 10, March 06, 2012.
NVIDIA T30 Datasheet DS-05160-001_v04, Version 4.0, January 31, 2012.

NVIDIA Software Documents

NVIDIA T30 Technical Reference manual DP-05644-001_v03, Version 0.3, November 25, 2011

Tegra Linux Driver Package Developers Guide PG_06076-R15, Version R15, June 11, 2012 (Contained in
Tegra_Linux_Driver_Package Documents_R15.tar)

Tegra Linux Driver Package Software Features DA-06018-R15, Version R15, June 11, 2012 (Contained in
Tegra_Linux_Driver_Package Documents_R15.tar).

Tegra_Linux_Driver_Package Release_Notes R15 RN_05071-R15, Version R15, June 11, 2012.

Kontron Software BSP

Kontron BSP for SMARC sAT30 Module - Kontron part number 771-242-00.

www.kontron.com
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User's Guide

3  Specifications

3.1 Functional Block Diagram

JTAG JTAG , P Power In_(3.0V to 5.25V DC)
Conn Conn | Various Power <
Module < Supplies «—I2C_PM WDTO -
CPLD_JTAG Supplies < - > -
— + < Boot Device Select 314 Pin 0.5mm
ITAG N Boot Straps | CPLD Misc Ctrl Out pitch edge finger
d < ) (Reset etc) pattern for use with
Misc Ctrl Out | \risce Misc Ctrl In > MXM3 style carrier
2 G Byte SKU (4x 4Gbit) |QMisc Ctrl In Logic |g (Pwr Btn etc) board connector
1 G Byte SKU (4x 2Gbhit) . = ) (aka the “SMARC
Pix Ck Dual Channel Pixel Clock | Carrier Connector”)
DDR3 L 18 / 24 Bit
512M x 8 =DDR DQ31-DQ24; f 4 LVDS | LvDS > Actual pin order on
or 2C_GP CPLD_JTAG| Xmiter the connector will
256M x 8 A differ from what is
RGB LCD Data and Control N implied here.
DDR3 L HDMI i
512M x 8 | DDR DQ23-DQ16. < - > 24 bit LVDS
or < > <CSI- 2 (2 Pair) > requires
256M x 8 _CSI-2 (4-Pair) R 18 bit compatible
< > display
DDR3 L :GP|O (12 Bit) / PWM / Tach >
512Mx 8 | DDR DQ15-DQ8 _UARTSs (2x 2 Wire and 2x 4 Wire) R
or « »
256M x 8 &SR0 (4 Bit) .
DDR3 L  SDMMC (4 bits used; SMARC supports up to 8) »
512M x 8 DDR DQ7-DQO
or < > 12C (4 instances; one dedicated to Power Management
NVIDIA < A > Interfaces shown in
256M x 8
Tegra T30 i 12C_PM N/C‘M gray and with N/C
QUEE EETE ‘. | C designation are not
cpPU Serial used on this
EISE/ZR?M N/C& module but may be
ete used on other
modules
SPI (2 instances) o~
L 12S / DAP__ (3 instances) |
«SPDIE >
SPIFlash | GMI/SPI
SMVIB - » < SATA >
< USB / Host usB2, |
SB[ Host USB1,,
USB OTG/ Client USBO,,
eMMC
PCle_C
Flash Option |« SDMMC » N/C4—p
64GB Max 4 PCle x1 (plus support signals) PCIE_B_
al L
 PCle x1 (plus support signals) PCIE_A_
PCle x1
Intel 1210
(Springville) | MDI - 4 pairs for GBE _
GBE N (plus support signals — LEDs, etc) v
82mm x 50mm Form Factor Controller

Figure 1: SMARC sAT30Block Diagram

www.kontron.com
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3.2 SMARCsAT30General Functions

This section lists the complete feature set supported by the SMARC sAT30 module.

3.2.1 SMARCsAT30Feature Set

The following table summarizes the SMARC features implemented on the sAT30, vs. the maximum possible allowed in
the SMARC specification. All mandatory features required by the SMARC specification are implemented in the

SAT30 Module.
SMARC Specification
SMARC Feature specification MaximumpNumber :l':/rl)?)zﬁ SATS0 Feature :l':/rl)?)zﬁ sﬁ;:»:::}g::ture
Possible
LVDS Display support 1 Yes 1
Parallel LCD support 1 Yes 1
HDMI Display support 1 Yes 1
CSI Camera support (Dual and 2 (Both support duall
Quad lanes) 2 Yes lane only; Quad lane is
not supported)
Parallel Camera support 2 No 0
USB Interface 3 Yes 3
PCle Interface 3 Yes 2
SATA Interface 1 Yes 1
GbE Interface 1 Yes 1
SDIO Interface 1 Yes 1
SDMMC Interface 1 Yes (4-bit is used) 1
SPlInterface 2 Yes 2
I2S Interface 3 Yes 3
I2C Interface 5 Yes 5
CAN 2 No 0
AFB 1 No 0
I/O Voltage (1.8V) level support Yes
I/0 Voltage (3.3V) level support No

www.kontron.com
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3.2.2 FormFactor

The SMARC sAT30 module complieswith the SMARC General Specification module size requirementsinan 82mmx 50mm
form factor.

3.2.3 CPU

The SMARC sAT30 module implements NVIDIA's Tegra T30 quad-core ARM processor:

» 40nm Tegra T30 Cortex A9 Quad core.

» Upto 1.2 GHz (Quad core mode, over 0-60 °C operating temperature range, with heatsink).
» Upto 1.3 GHz (Quad core mode, restricted temperature range).

» Upto 1.4 GHz (Single core mode).

» 1 Cache -32KB Instruction cache (I-Cache) and 32 KB Data cache (D-Cache) per core L2 Cache controller
configured with 1MByte of cache RAM.

» Power optimized companion CPU core MSelect Data Routing Module Programmable clock generator for power
and performance tuning.

» 24.5x24.5 mm package.

» Allowable CPU junction temperature range: -25 °C to 90 °C

NVIDIA graphics support, GeForce Graphics Processor:
» HDTV capable.
» Video Decode Processor supported standards - H.264, VC-1, MPEG4, H.263, DiVX, XviD and MPEG-2.
» VideoEncode Processor supported standards-H.264, MPEG4, H.263and JPEG.
» OpenGLES 2.0.

» Dual display pipelines.

3.2.4 Module Memory

The SMARC sAT30 module supports 1GB and 2GB total DDR3L memory, through two separate orderable SKU's:

» 51001-1016-12-4 1GB DDR3LV Dram; 16 GB eMMC Flash; 1.2 GHz Quadcore Commercial Grade T30 SoC
» 51001-2016-12-4 2GBDDR3LV Dram; 16 GB eMMC Flash; 1.2 GHz Quadcore Commercial Grade T30 SoC

Additional SKUs may become available. SKU variations would include alternative eMMC options, including possibly no on-
Module eMMC. Check with your Kontron contact or on the Kontron web site for updated information.

3.2.5 On-board Storage

The SMARC sAT30 module supports an 8MB SPI flash memory device. The module also supports an eMMC flash option up
to 64GB. The standard SKUs support 16 GB eMMC flash.

www.kontron.com
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3.2.6 Clocks

A 32.768 KHz clock is required for the Tegra T30 CPU RTC (Real Time Clock) and PMC (Power Management Controller).
This clock is provided by Power Management Unit (PMU).

The Tegra T30 CPU is provided with a 12 MHz clock using a crystal in normal oscillation mode (On-chip Oscillator).

www.kontron.com
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3.2.7 LVDS Serialized LCD Display Interface

LVDS LCD operation is not native to the NVIDIA Tegra SoC. The Module LVDS output is created on the Module from the
Tegra 24 bit LCD parallel data path. This is evident in the block diagram above (Figure 1: SMARC sAT30 Block
Diagram). The LVDS color packing used on the Module is in the “18 bit color compatible mode” (more details on this
can be found later in this section and in the Ultra Low Power — Computer On Module Hardware Specification). The
display connection may be 18 bit or 24 hit, but if a 24 bit connection is used, then the display must be capable of
accepting an “18 bit color packing”. This is sometimes alternatively referred to as “6 bit pack” (it's 6 bits per color, or
18 bits total ...). For single channel LVDS, a display resolution up to approximately 1280 x 1024 may be supported
(approximate” because factors such as Carrier Board trace lengths, routing quality, cable length and quality, Carrier
EMI and ESD suppression device selections and display timing particulars can affect the maximum resolution
achieved). For high resolution displays (1280 x 1024 and higher), a Carrier Board based dual channel LVDS transmitter
operating from the Module parallel data path should be used instead. This is described in a later section.

For flat panel use, parallel LCD data and control information (Red, Green and Blue color data, Display Enable, Vertical
Synch and Horizontal Synch) are serialized onto a set of LVDS differential pairs. The information is packed into frames
that are 7 bits long. For 18 bit color depths, the data and control information utilize three LVDS channels (18 data bits
+ 3 control bits = 21 bits; hence 3 channels with 7 bit frames) plus a clock pair. For 24 bit color depths, four LVDS
channels are used (24 data bits + 3 control bits + 1 unused bit = 28 bits, or 4 x 7) plus a clock pair. The LVDS clock is
transmitted on a separate LVDS pair. The LVDS clock period is 7 times longer than the pixel clock period. The LVDS
clock edges are off from the 7 bit frame boundaries by 2 pixel periods. Unfortunately, there are two different 24 bit
color mappings in use. The more common one, sometimes referred to as “24 bit standard color mapping” is not
compatible with 18 bit panels, as it places the most significant RGB color data on the 4" LVDS data pair — the pair that
is not used on 18 bit panels. There is a less common “24 bit / 18 bit compatible” mapping that puts the least
significant color bits of the 24 bit set onto the 4™ LVDS pair and allows 24 bit color depths.

He — o 5125
H1 VDo > S126
T30_LCD_D[0:23] c .
G2 — ey 5128
G1 — 2 > 5129
m
LVDS 9
T30 CPU T30 LCD DE Xl\?llJngR E2 tgg‘xgz‘ﬁﬁ » S131 o
(U10)  AG9 _— > A3 £1 p S132 L=
TI G)
SN75LVDS83B m
T30_LCD_HSYNC
AF16 - > A4 Q
LCD LVDS Y3P
c2 > 5137
T30 _LCD VSYNC
AF10 om0 > B4 c1 —LCRLVDS VSN 138
aG11 |_T3OLCD PCIK |
bp _LCD_LVDS CLKOUTP | o o,
D1 _LCD_LVDS CLKOUTN | ¢/oc

Figure 2: T30 Module LVDS LCD Implementation
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The following table details exactly how the NVIDIA Tegra parallel LCD pins are mapped to the on-Module Texas
Instruments SN75LVDS83B LVDS transmitter. For 18 bit displays, LVDS channels 0, 1, 2 are used. For 24 bit displays
(that accept 18 bit color packing), channels 0, 1, 2 and 3 are used.

- 18 Bit 24 Bit/18 bit
LVDS Transmitter (TI a standard | compatible
NVIDIATS0 CPU SN75LVDS83B) | Netrames , 2 g _ | color CoIoFr)
S _‘cL‘: € & | mapping | mapping

Pin # Pin Name Pin# | PinName

AK12 LCD_D6 K5 D7 T30_LCD_DI[6] 1 G0 G2

AH15 LCD_D17 J4 D6 T30_LCD_D[17] 2 RS R7

AF13 LCD_D16 K3 D4 T30_LCD_D [16] 3 R4 R6

AE18 LCD_D15 J3 D3 T30_LCD D[15] |0 4 R3 RS

AD12 LCD_D14 K2 D2 T30_LCD_D [14] 5 R2 R4

AC12 LCD_D13 K1 D1 T30_LCD_D [13] 6 R1 R3

AF9 LCD_D12 32 DO T30_LCD_D[12] 7 RO R2

AF12 LCD_D1 D5 D18 T30_LCD DI[1] 1 B1 B3

AES LCD_DO E5 D15 T30_LCD_D[0] 2 BO B2

AJ12 LCD_D11 F6 D14 T30_LCD_D[11] 3 G5 67

AK9 LCD_D10 G6 D13 T30_LCD D[10] |1 4 G4 G6

AD15 LCD_D9 G5 D12 T30_LCD_DI[9] 5 G3 G5

AG8 LCD D8 36 D9 T30 LCD D8] 6 |G G4

AG16 LCD_D7 K6 D8 T30_LCD D[7] 7 61 G3

AGY LCD DE A3 D26 T30_LCD_DE 1 DE DE

AF10 LCD_VS B4 D25 T30_LCD_VS 2 VS VS

AF16 LCD_HS A4 D24 T30_LCD_HS 3 HS HS
AK10 LCD_D5 A6 D22 T30_LCD D[5] |2 4 B5 B7

AK16 LCD_D4 B5 D21 T30_LCD_D[4] 5 B4 B6

AK15 LCD_D3 B6 D20 T30_LCD D3] 6 B3 B5

AD10 LCD_D2 C6 D19 T30_LCD D[2] 7 B2 B4
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Not Used | Not Used A5 D23 Not Used Not Used Not Used
AE10 LCD D19 D6 D17 T30_LCD DJ19] Not Used Bl

AE9 LCD_D18 E6 D16 T30_LCD_D[18] Not Used | BO

AH9 LCD D21 H6 D11 T30_LCD DJ21] Not Used Gl

AH13 LCD_D20 H4 D10 T30_LCD_D[20] Not Used | GO

AK13 LCD D23 K4 D5 T30_LCD DJ23] Not Used R1

AE13 LCD D22 J1 D27 T30_LCD DJ[22] Not Used RO

AG11 LCD_PCLK A2 CLKIN T30_LCD_PCLK
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3.2.8 Parallel LCD Display Interface

The NVIDIA Tegra parallel 24 bit LCD interface is brought to the Module edge connector. The interface runs at the 1.8V
Module I/0 voltage. This voltage swing may be used directly with 1.8V capable Carrier Board LVDS transmitters, such as
the TI SN75LVDS83B. The 1.8V signaling may not be suitable for direct connection to a parallel flat panel. Generally
speaking, only small panels, with screen diagonals of 5” or less, are available with a 1.8V interface. Larger parallel LCD
panels are likely to use 3.3V signaling and a set of voltage translators / buffers would be needed on the Carrier.

RED
T30_LCD_D[17:12,23,22]

GREEN
T30_LCD_D[11:6,21,20]

BLUE
T30_LCD_D[5:0,19,18]
m
W)
2
AR T30_LCD_VSYNC S22 &
AF10 T30 LCD_PCLK » 5121 2
AG11 O == » S123
Ly F9
> H1l
CPLD T30 LCD DPCLK_
G11 > S142
» G10 (U23)
> F10

Figure 3: T30 Module Parallel LCD Implementation

The mapping of the NVIDIA Tegra parallel LCD balls to the SMARC edge connector is shown in the table below. Note
that the NVIDIA pin names and the SMARC pin names have different assumptions about color mappings, which can
make things confusing. Basically, NVIDIA maps the 18 bits or R, G, B for 6 bit color depth to D17:0. For NVIDIA, the
extra bits used for a 24 bit color implementation come out on NVIDIA D23:18. The SMARC has a different convention;
Red is D23:16; Blue is D15:8 and Green is D7:0. For 24 bit implementations, all bits are used. For 18 bit
implementations, in SMARC, the least significant bits (Red D17:16, Green D9:8, Blue D1:0) are dropped.
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24 bit
NVIDIA T30 CPU SMARCsAT30Edgefinger Net Name Color Color
map

Pin # PinName Pin # PinName

AH15 LCD_D17 S118 LCD_D23 T30_LCD_D[17] R7
AF13 LCD_D16 S117 LCD_D22 T30_LCD_D[16] R6
AE18 LCD_D15 S116 LCD_D21 T30_LCD_D[15] R5
AD12 LCD D14 S115 LCD_D20 T30_LCD_D[14] R4
AC12 LCD D13 S114 LCD_D19 T30_LCD_D[13] R3
AF9 LCD_D12 S113 LCD_D18 T30_LCD_D[12] R2
AK13 LCD_D23 S112 LCD_D17 T30_LCD_D[23] R1
AE13 LCD_D22 S111 LCD_D16 T30_LCD_D[22] g RO
AJ12 LCD_D11 $109 LCD_D15 T30_LCD_D[11] G7
AK9 LCD_D10 $108 LCD D14 T30_LCD_D[10] G6
AD15 LCD_D9 S107 LCD D13 T30_LCD_D[9] G5
AG8 LCD_D8 S106 LCD_D12 T30_LCD_D[8] G4
AG16 LCD D7 S105 LCD_D11 T30_LCD_D[7] G3
AK12 LCD_D6 5104 LCD_D10 T30_LCD_D[6] G2
AH9 LCD_D21 S103 LCD_D9 T30_LCD_D[21] _ Gl
AH13 LCD_D20 S102 LCD_D8 T30_LCD_D[20] % GO
AK10 LCD_D5 S100 LCD D7 T30_LCD_D[5] B7
AK16 LCD_D4 S99 LCD_D6 T30_LCD_D[4] B6
AK15 LCD D3 598 LCD_D5 T30_LCD_D[3] B5
AD10 LCD_D2 597 LCD_D4 T30_LCD_D[2] B4
AF12 LCD D1 596 LCD D3 T30_LCD_D[1] B3
AE8 LCD_DO S95 LCD_D2 T30_LCD_D[0] B2
AE10 LCD_D19 594 LCD D1 T30_LCD_D[19] B1
AE9 LCD_D18 593 LCD_DO T30_LCD_D[18] § BO
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24 bit
NVIDIA T30 CPU SMARCsAT30Edgefinger Net Name Color Color
map
AG11 LCD_PCLK S123 LCD_PCK T30_LCD_PCLK
AG9 LCD_DE S120 LCD_DE T30 LCD_DE
AF16 LCD_HS S122 LCD_HS T30_LCD_HSYNC
AF10 LCD_VS S121 LCD_VS T30_LCD_VSYNC
S142 LCD_DUAL_PCK T30_LCD_DPCLK

The LCD_DUAL_PCK signal is used to latch odd and even pixels into separate latches on the Carrier board, for high
resolution displays, either for parallel LCD implementations or dual channel LVDS. The LCD_DUAL_PCK is derived on
the Module from the LCD_PCK pixel clock. The LCD_DUAL_PCK is one-half the frequency of the LCD_PCK clock. The
Module hardware ensures that the dual pixel clock is phased correctly with the display field. The LCD_DUAL_PCK rising
edge is used to latch odd pixels and the falling edge to latch even pixels. The upper leftmost pixel in the display image
is pixel 1 (an odd pixel), followed by pixel 2 (an even pixel) and so on. LCD_DUAL_PCK is generated using the
module’sCPLD.
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3.2.9 Carrier Based 24 bit Color Depth LVDS

The Module parallel LCD path may be used to implement single or dual channel Carrier Board LVDS transmitter(s). The
color packing may be 24 bit or 18 bit. Since 18 bit single channel color packing is already available from the Module

LVDS, only 24 bit color packing is described in this section.

A single channel implementation uses one SN75LVDS83B (or equivalent) LVDS transmitter. A dual channel
implementation uses two transmitters — one for the odd pixels and one for the even pixels. The input to the two
transmitters is the same for both parts (they are wired in parallel). The odd and even pixels are separated out from the

input data by the rising and falling edges of the LCD_DUAL_PCK.

Thefollowing pins onthetransmitter are used slightly differentlyinthe single and dual channel cases:

Pixel Clock Input (Ball A2, Pin Name CLKIN)

For single channel implementations, connect to the SMARC
LCD_PCKpin(S123)

For dual channel implementations, connect to the SMARC
LCD_DUAL_PCK pin (S142)

Clock Edge Select (Ball D4, Pin Name CLKSEL)

For single channel implementations: provide for resistor strapping
options to tie this high or low. The default strapping should be
low, which sets the TI LVDS transmitter to latch data in on the
fallingedge ofthe LCD_PCK.

For dual channel implementations, provide for strapping options
to tie the CLKSEL pins high or low. The two transmitters should
have separate strapping options (or one set of strapping options
and an inverter to set the CLKSEL pin on the 2" transmitter to the
opposite edge). The first transmitter, for odd pixels, should be set
tolatch the data ontherisingedge of LCD_DUAL_PCK. The second
transmitter, for even pixels, should be set to latch the data on the
falling edge of the LCD_DUAL_PCK.

The following table shows how the sAT30 LCD pins should be mapped to a particular LVDS transmitter, the TI
SN75LVDS83B, for standard LVDS 24 bit color packing, single and dual channel. The chart shows pin numbers for the
BGA version of the part. The TSSOP version can be used as well, although the pin numbering is different. The pin names
remain the same. Transmitters from other vendors may be used as well. For dual channel implementations, the same
data path pin mapping is used for both channels (i.e. the LVDS transmitter LCD parallel data inputs are to be connected

in parallel).
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swcomgipime | (ST 000 | | e s
Pin # PinName Pin # Pin Name

S102 LCD_D8 K5 D7 1 GO
S116 LCD_D21 J4 D6 2 RS
S115 LCD_D20 K3 D4 3 R4
S114 LCD_D19 J3 D3 0 4 R3
S113 LCD_D18 K2 D2 5 R2
S112 LCD_D17 K1 D1 6 R1
S111 LCD_D16 J2 DO 7 RO
S94 LCD_D1 D5 D18 1 Bl
S93 LCD_DO E5 D15 2 BO
S107 LCD_D13 F6 D14 3 G5
S106 LCD_D12 G6 D13 1 4 G4
S105 LCD_D11 G5 D12 5 G3
S104 LCD_D10 J6 D9 6 G2
S103 LCD_D9 K6 D8 7 Gl
S120 LCD_DE A3 D26 1 DE
S121 LCD_VS B4 D25 2 VS
S122 LCD_HS A4 D24 3 HS
S98 LCD_D5 A6 D22 2 4 BS
S97 LCD_D4 BS D21 5 B4
S96 LCD_D3 B6 D20 6 B3
S95 LCD_D2 C6 D19 7 B2
N/C N/C A5 D23 3 1 Not Used
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S100 LCD_D7 D6 D17 B7

S99 LCD_D6 E6 D16 B6

S109 LCD D15 H6 D11 G7

S108 LCD D14 H4 D10 G6

S118 LCD D23 K4 D5 R7

S117 LCD_D22 J1 D27 R6

S123 LCD_PCK A2 CLKIN Single Channel Only
S142 LCD_DUAL_PCK Dual Channel Only
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3.2.10 High-Definition-Multimedia-Interface (HDMI) Interface

The SMARC sAT30 module supports a single HDMI interface with aresolution up to 1920x1080 pixels. HDMI

signalsare exposedonthe SMARCsAT30edge connectorasshownbelow:

SMARCSAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin# | PinName Pin # Pin Name

HDMI Differential Signals

Pog | HDMI_DO+ AH4 | HDMI_TxDOP HDMI_TXDO_P HDMI
Differential Data

P99 | HDMI_DO- AJ4 HDMI_TXDON HDMI_TXDO_N pair 0 output

P95 | HDMI D1+ AJ6 HDMI_TXD1P HDMI_TXD1_P HDMI
Differential Data

P96 | HDMI_D1- AH6 | HDMI_TXDIN HDMI_TXD1_N pair 1 output

Pg2 | HOMI D2+ AJ7 HDMI_TXD2P HDMI_TXD2_P HDMI
Differential Data

P93 | HOMI_D2- AK7 HDMI_TXD2N HDMI_TXD2_N pair 2 output

P101 | HDMI_CK+ AKA HDMI_TXCP HDMI_TXCLK_P HDMI
Differential

P102 | HDMI_CK- AK3 HDMI_TXCN HDMI_TXCLK_N clock output

HDMI Support signals

P104 | HDMI HPD AGI3 | HDMIINT HDMI HPD AP HDMIHotPlug

- - - - Detect input
P105 | HDMI CTRL CK AG14 | DDC SCL HDMI DDC SCL 1V8 HDMI dedicated
- R - =PV 12C Clock

P106 | HDMI_CTRL_DAT AJI0 | DDC_SDA HDMI_DDC_SDA_1V8 HDMI dedicated
12C Data

P107 | HDMI_CEC AC18 | HDMI_CEC HDMI_CEC Not used

The Carrier board must do voltage translation for the DDC and HPD signals, as well as ESD protection on all the HDMI
signals. The Carrier board ESD protection is important as HDMI is a hot-pluggable interface. A device such as the Texas
Instruments TPD12S016 is recommended. The Kontron SMARC Evaluation Board schematic (KAl 501-146) is useful as an
implementation example.
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3.2.11 Camera Serial Interfaces (CSl) Interface

The SMARC sAT30 module supports two dual lane CSI interfaces (named CSI0 and CSI1 according to the SMARC
Hardware specification). The SMARC four-lane CSI interface option is not supported. The camera interface
requirements are bound to the performance of the interfaces native to the NVIDIA Tegra T30 SoC.

CSl interface signals are exposed on the SMARC sAT30 edge connector as shown below:

SMARCSsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

CSI0 Camera Interface

S11 CSI0_D0+/PCAM_D12 AD2 CSI_D1AP CSI0_DOA_P

CSIO Differential data pair0 in
S12 CSI0_D0-/ PCAM_D13 [ AD3 CSI_D1AN CSI0_DOA_N
S14 CSI0_D1+/PCAM_D14 AE3 CSI_D2AP CSI0_D1A_P

CSIO Differential data pairl in
S15 CSI0_D1-/PCAM_D15 AE2 CSI_D2AN CSI0_D1A N
S8 CSI0_CK+/PCAM_D10 AD4 CSI_CLKAP CSI0_CK_P

CSI0 Differential clock in
S9 CSI0_CK-/PCAM_D11 AC4 CSI_CLKAN CSI0_CK_N

CSI1 Camera Interface

P7 CSI1_D0+/PCAM_D2 AE1 CSI_D1BP CSI1_DOB_P
CSI1 Differential data pair0 in
P8 CSI1_DO0-/PCAM_D3 AD1 CSI_D1BN CSI1_DO0B_N
P10 CSI1_D1+/PCAM_D4 AH1 CSI_D2BP CSI1_D1B_P
CSI1 Differential data pairl in
P11 CSI1_D1-/PCAM_D5 AH2 CSI_D2BN CSI1_D1B_N
P13 CSI1_D2+/PCAM_D6
Not used
P14 CSI1_D2-/PCAM_D7
P16 CSI1_D3+/PCAM_D8
Not used

P17 CSl1_D3-/PCAM_D9

P3 CSI1_CK+/PCAM_DO AG2 CSIL. CK P
CSI1 Differential clock in

P4 CSI1_CK-/PCAM D1 | AG3 CSI1_CK_N

CSI Camera support signals

S6 CAM_MCK AD5 CAM_MCLK CAM_MCLK Master CLK out

S5 12C_CAM_CK AG5 | CAM_I2C_SCL | 12C_CAM_CLK | 12C Camera support clock
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SMARCSAT30Edgefinger NVIDIA T30 CPU Net Name Notes

s7 12C_CAM_DAT AH7 | CAM_I2C_SDA | 12C_CAM_DAT | I2C Camera support data

Left open to support the CSIO

S57 PCAM_ON_CSI0# . .
- - (Serial camera) selection

Left open to support the CSI1

S58 PCAM_ON_CSI1# ) )
- - (Serial camera) selection

GPIOO/ .
Power Enable, active |
P108 | GPIOO/CAMO_PWR# | J30 | KB_COLOO Catmetrao ower Enable, active low
CAMO PWR# | OUtPUt
GPIO1/ .
P109 | GPIOL/CAML PWR# | N26 | KB_COLOL Catmetral Power Enable, active low
CAM1 PWR# | OUtPU
GPIO2/
P110 GPIO2 / CAMO_RST# V25 KB_COL02 Camera 0 Reset, active low output
CAMO_RST#
GPIO3/
DMMC3_DAT
P111 GPIO3/ CAM1_RST# K28 ? = Camera 1 Reset, active low output
CAM1_RST#
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3.2.12 USB Interfaces

The Kontron SAT30 module supports three USB ports (USB 0:2). Per the SMARC specification, the Kontron SAT30
module supports a USB “On-The-Go” (OTG) port capable of functioning either as a client or host device, on the ULP-
COM USBO port. The sAT30 module also supports two additional USB2.0 host ports, on SMARC USB1 and USB2.

USBinterfacesignalsare exposed onthe SMARC sAT30edge connectorasshownbelow:

SMARCSsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin# | PinName Pin# | PinName

USBO Port

P60 | USBO+ W2 USB1_DP T30_USBO_DP
USBO portdata
pair

P61 | USBO- W3 USB1_DN T30_USBO_DN

V_3V3_VBUS USB host power
N detection, wh

P63 | USBO VBUS DET w5 | USBL VBUS (G5Vtolerant, inspite | oo When

this port is used
ofthe netname) as a device.

P64 | USBO OTG_ID T7 USB1_ID US.B OT.G 'Dinput,
active high

USB1 Port

P65 | USB1+ T5 USB2_DP T30_USB1_DP
USB1 portdata
pair

P66 | USB1- T6 USB2_DN T30_USB1_DN

USB2 Port

P69 | USB2+ V2 USB3_DP T30_USB2_DP
USB2 portdata
pair

P70 USB2- V3 USB3_DN T30_USB2_DN
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The SMARC Hardware specification defines USBx_EN_OC# (where x is 0, 1 and 2 for use with USB0, USB1 and USB2)
pins as multifunction pins to use for power enable of USBx ports, as well as for over current indication. The SMARC
sAT30 complies with this definition. These nets are provided with pull up resistors on the Module. The Module CPLD
contains the glue logic required for this implementation.

The sAT30 Module USB power enable and over current indication logic implementation is shown in the following block
diagram. There are 10K pull-up resistors on the Module on the SMARC USBx_EN_OC# lines. The CPLD outputs driving
the USBx_EN_OC# lines are open-drain. The Carrier board USB power switch, if present, is enabled by virtue of the 10K
Module pull-up to 3.3V.

T30 CPU
(U10)

D6
F4

K7

J7

F6

EN_USBO_VBUS_CPLD

» H2

—USBo—oec—CcPtb—

L4

EN_USB1_VBUS_CPLD CPLD

» L1

——USBi—oc—CcPtb—

EN_USB2_VBUS_CPLD

(U23)
L5

—YSB2—oc—CchRtb—

» L2

L3

10K Pull-Ups to 3.3V
On Module
USBO EN_OC#
L —-— » P62
m
W)
(@)
- m
-
9 USBl_EN_OC#> P67 ® =
(@)
m
py)
USB2_EN_OC#
L1 » P71

Figure4: External USB PortPower Distribution Logic Implementation

USB port power enable and over current logic implementation between the T30 CPU and CPLD is shown in the following

table:
NVIDIA T30 CPU CPLD Net Name Notes
Pin# | PinName Pin# | PinName
D6 GMI_CS4# H2 I0_H2 EN_USBO_VBUS _CPLD | USB Port0 power enable
J5 | GMI_CS6# L1 10 L1 EN_USB1_VBUS_CPLD | USB Portl power enable
J7 GMI_CST7# L2 10 L2 EN_USB2_VBUS CPLD | USB Port2 power enable
F4 GMI_ADO09 L4 10 L4 USBO_OC_CPLD# USB Port0 over current indication signal
K7 GMI_CS1# L5 I0_L5 USB1 OC_CPLD# USB Portl over current indication signal
F6 GMI_CS2# L3 10 L3 USB2_OC_CPLD# USB Port2 over current indication signal
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USB port power enable and over currentlogicimplementation between the CPLD and SMARC sAT30 edge connectoris

shown in the table below:

CPLD SMARC sAT30 Edge Finger Net Name Notes

Pin# | PinName | Pin# | PinName

Lo |09 |pe2 |usBoEN Oc# | EN USBO VBUS OCH USB Port0 power enablefover

current indication signal

kK9 |l0ke |P67 |usBlLEN OC# | EN USBL VBUS OCH USB Port1 power enablefover
- - - - - - current indication signal

L10 10 _L10 P71 USB2 EN_OC# EN_USB2 VBUS OC# usB P°Tt2 povxferen'able/over
- - - - - - current indication signal

Power distribution for external USB plug-in peripherals (USB memory sticks, cameras,
typically handled by USB power switches such as the Texas Instruments TPS2052B, Micrel MIC2026-1 or similar devices
on the Carrier board. The Enable pin on the Carrier board USB power switch must be active — high and the Over-Current
pin (OC#) must be open drain, active low (these are commonly available). No pull-up is required on the USB power
switch Enable or OC# line; they are tied together on the Carrier and fed to the Module USBx_EN_OC# pin. The pull-up is

on the Module.

SMARC CARRIER MXM3
CONNECTOR
(J40)

keyboards, mice,

5V —p

USBx_EN_OC#

<

>

Switched

Pwr
Pwr
Enable
TPS2052B
OoC#

USBx_VBUS

I
l

Figure5: USB Power Distribution Implementation on Carrier
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3.2.13 PCle Interfaces

The SMARC sAT30 module supports two external PCle x 1 interfaces, designated PCIE_A and PCIE_B in the SMARC
specification. Of the three the NVIDIA T30 CPU PCle interfaces, one is used on the Module for the GbE controller,
described in Section 3.2.13 Gigabit Ethernet Controller (GbE) Interface. Two are used for SMARC external PCle

interfaces.

PCleinterface signalsare exposed onthe SMARCsAT30edge connectorasshownbelow:

SMARC sAT30 Edge Finger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin# | PinName

PCle_Link A

P89 | PCIE_A TX+ AF21 | PEX_L4_TXP PCIEA_TX_P Differential PCle Link A
transmit data pair 0. Series
decoupling caps are provided

P90 PCIE_A TX- AG21 | PEX_L4 TXN PCIEA_TX N .

- - - - - in the Module.

P86 | PCIE_A_RX+ AH24 | PEX_L4_RXP PCIEA_RX_P Differential PCle Link Areceive
data pair 0. Series coupling
caps are not provided in the

P87 PCIE_A RX- AJ24 | PEX_L4 RXN PCIEA RX N

== - = - Module.

P83 PCIE_A REFCK+ | AB23 | PEX_CLK2P PCIEA_REF CLK_P Differential PCle Link A

P84 | PCIE A REFCK- | AB24 | PEX_CLK2N PCIEA_REF_CLK_N reference clock output

P78 PCIE_A_CKREQ# AD26 | PEX L1 CLKREQ | PCIEA_CLK REQ# PCle Port A clock requestinput

P74 PCIE_A_PRSNT# AD24 | PEX_L1 PRSNT PCIEA_PRSNT# PCle Port A presentinput
PCle Port B reset output, active
low.

Provision is provided to

P75 PCIE_A_RST# AG27 | PEX_L1_RST T30_PCIEA_RST# connectpin P75to GMI_AD15
(F1) through a 0 ohm resistor,
R303 (R303 should not be
installed)

PCle_LinkB

S90 | PCIE_B_Tx+ AF18 | PEX_LO_TXP PCIEB_TX_P Differential PCle Link B
transmit data pair O.

s91 | PCIE_B_TX- AGL8 | PEX_LO_TXN PCIEB_TX_N Seriesdecouplingcapsare
provided in the Module.
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SMARC sAT30 Edge Finger NVIDIA T30 CPU Net Name Notes
87 | PCIE B RX+ AH19 | PEX_LO_RXP PCIEB_RX_P Differential PCle Link Breceive
data pair 0.
Series coupling caps are not
S88 PCIE_B_RX- AJ19 | PEX_LO_RXN PCIEB_RX_N orovided in the Module.
S84 PCIE_B REFCK+ | AK27 | PEX_CLK1P PCIEB_REF CLK_P
Differential PCle Link B
reference clock output
S85 PCIE_B_REFCK- AK28 | PEX_CLKIN PCIEB_REF _CLK_N
P77 PCIE_B_CKREQ# AG24 | PEX_LO_CLKREQ PCle Port B clock request input
P73 | PCIE B_PRSNT# | AD25 | PEX_LO_PRSNT PCle PortB presentinput,
active low
S76 | PCIE_B_RST# AG26 | PEX_L0_RST# E Sv'e Port B reset output, active
PCle_Link C
S81 PCIE_C_TX+
Not used
582 PCIE_C_TX-
S78 PCIE_C_RX+
Not used
S79 PCIE_C_RX-
P80 PCIE_C_REFCK+
Not used
P81 PCIE_C_REFCK-
P76 PCIE_C_CKREQ# Not used
PCle_Link C
P72 PCIE_C _PRSNT# Not used
S77 PCIE_C RST# Not used
PCle Wake
S146 PCIE_WAKE# AF22 | PEX_WAKE# PCIE_WAKE# PCle wake up interrupt to host
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3.2.14 SATA Interface

The SMARC sAT30 module supports one SATA port.

SATA interface signals are exposed on the SMARC sAT30 edge connector as shown below:

SMARCsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

P4g | SATA TX+ AE16 | SATA_LO_TXP T30_SATA TX_P Differential SATAQ
transmit data Pair.
Series decoupling

P49 SATA_TX- AD16 SATA_LO_TXN T30_SATA_TX_N capsare provided in
the Module.

P51 SATA RX+ AD19 | SATA LO RXP T30_SATA RX_P Differential SATAO
receive data Pair.
Series decoupling

P52 SATA_RX- AE19 | SATA_LO_RXN T30_SATA_RX_N caps are provided in
the Module.

S54 SATA ACT# A3 GMI_CS3# SATA ACT _LED# ACt.IV.e 'OW S.ATA

- - - - activity indicator

www.kontron.com



http://www.kontron.com/�

3.2.15 Gigabit Ethernet Controller (GbE) Interface

The SMARC sAT30 module supports one GbE interface. This is accomplished by using the Intel 1210 (Springville) GbE
MAC+PHY using one of the T30 SoC'’s PCle interfaces. This is diagrammed below. The PCle coupling caps are not shown
in the diagram.

The following table details the Tegra to 1210 connection details.

AH25
AJ25

AG23
AG22

AJ27
AH27

T30 CPU
(U10)

AG25

J2

GRE _PCIE _TX Py

< GRE _PCIE RX P

24

SBERCIETXNIP

GBE_PCIE_CLK_P

21
| 20

GBE_PCIE_CLK N

\A 4

25

GBE_PCIE_RST# |

GBE_PCIE_DIS#

61

GBE

58
57
55
54

53
52

26 CONTROLLERS50

INTEL 1210 49

(u27)

31

GBE MDIQO P

AA

vy

GBE MDIO N

GBE_MDI1_P

AA

vy

GBE_MDI1_N

GBE MDI2 P

AA

GBE MDI2 N

GBE_MDI3_P

A A

Yy VY

GBE_MDI3_N

GBE LINK100#

GBE_LINK1000#

33

30

16

Yy

GBE_LINK_ACT#

PCIE_WAKE#

Figure 6 GbE Controller Implementation

P30
P29

P27
P26

P24
P23

P20
P19

P21
P22

P25

S146

(€n)
¥39ONIH 3903

NVIDIA T30 CPU Intel 1210 Net Name Notes
Pin# | PinName Pin# [ PinName
PEX_L5 TXP E PCIE_TX P ) . .
AH25 . 24 PE_RX+ GbE_PCIE_TX. Differential PCle GbE transmit data
AJ25 | PEX_L5_TXN 23 PE_RX- GbE_PCIE_TX N pair
AG23 | PEX_L5 RXP 21 PE_TX+ GbE_PCIE_RX_P
Differential PCle GbE receive data pair
AG22 | PEX_L5 RXN 20 PE_TX- GbE_PCIE_RX_N
AJ27 | PEX_CLK3P 26 PECLK+ GbE_PCIE_CLK_P
Differential PCle GbE reference clock
AH27 | PEX_CLK3N 25 PECLK- GbE_PCIE_CLK_N
AG25 | PEX_L2_RST# 17 PE_RST# GbE_PCIE_RST# PCle GbE reset input
J2 GMI_AD14 61 SDpP1 GbE_PCIE_DIS# | INTELI210PCleinterfacedisable
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The details of the Intel 1210 mapping to the SMARC Edge fingers are shown here:

SMARCSsAT30Edgefinger Intel 210 Net Name
Pin# | PinName Pin# | PinName
E MDIO_P e . . .
P30 GbE_MDIO+ 58 MDIO+ GhE_MDI0_ Bi-directional transmit/receive pair 0
P20 | GbE_MDIO- 57 | MDIo- GbE_MDIO_N to magnetics
E MDI1 P e . . .
P27 GbE_MDIL+ 55 MDIL+ GhE_MDIL_ Bi-directional transmit/receive pair 1
P26 | GbE_MDIL- 54 | MDIL- GbE_MDIL_N to magnetics
E MDI2_P e . . .
P24 GbE_MDiz+ 53 MDIz+ GhE_MDI2_ Bi-directional transmit/receive pair 2
P23 | GbE_MDI2- 52 | MDI2- GbE_MDI2_N to magnetics
E MDI3_P e . . .
P20 GbE_MDI3+ 50 MDI3+ GhE_MDI3_ Bi-directional transmit/receive pair 3
P19 | GbE_MDI3- 49 | MDI3- GbE_MDI3_N to magnetics
Link speed indication LED for 100Mbps
P21 | GbE_LINK100# 31 | LEDO GbE_LINK100# peed. g
—open drain
Link indication LEDf
p22 GbE_LINK1000# 33 LED1 GbE_LINK1000# ink speed inica |0n' o
1000Mbps —open drain
P25 GbE_LINK_ACT# 30 LED2 GbE_LINK_ACT# | Link/activity LED — open drain
S146 | PEX_WAKE# 16 PE_WAKE# PCIE_WAKE# PCle GhE wake signal
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3.2.16 SDIO Interface

The SMARC sAT30 module supports a 4bit SDIO interface, per the SMARC specification. The SDIO interface uses 3.3V
signaling, per the SMARC spec and for compatibility with commonly available SDIO cards.

SDIOinterfacesignalsareexposedonthe SMARCsAT30edge connectorasshownbelow:

SMARCsAT30Edgefinger NVIDIA T30 CPU Net Name Notes
Pin # Pin Name Pin # Pin Name
P39 SDIO_DO K1 SDMMC1_DATO SDIO_DJ0]
P40 SDIO D1 K2 SDMMC1 _DAT1 SDIO_D[1]
SDIO Data
P41 SDIO_D2 K3 SDMMC1_DAT2 SDIO_D[2]
P42 SDIO D3 K4 SDMMC1_DAT3 SDIO_D[3]
P34 | SDIO_CMD NG SDMMC1_CMD SDIO_CMD SDIO Command
- - - signal
P36 SDIO_CK M6 SDMMC1_CLK SDIO_CLK SDIO Clock signal
P33 SDIO_WP K5 CLK2_ouT SDIO_WP SDIOwrlte protect
- signal
P35 SDIO_CD# M5 GPIO_PV2 SDIO_CD# SDIO card detect
p37 SDIO_PWR_EN M1 GPIO_PV3 SDIO_PWR_EN SD card power enable

The SDIO card power should be switched onthe Carrier board and the SDIO lines should be ESD protected. The SMARC
Evaluation Carrier schematic is useful as an implementation reference.
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3.2.17 SDMMC Interface for Carrier eMMC

The SMARC sAT30 module supports a 4bit SDMMC interface that may be used with a Carrier based eMMC device. The
SMARC specification provides for an SDMMC data path that may be up to 8 bits wide. Only the lower 4 bits are used in
the sAT30 implementation. EMMC devices that may be used with this interface are required to be able to operate in 1
bit, 4 bit or 8 bit modes. The signaling level is at the Module 1/0 voltage level of 1.8V.

SDMMC interface signals are exposed on the SMARC sAT30 edge connector as shown below:

SMARCsAT30Edgefinger NVIDIA T30 CPU Net Name Notes
Pin # Pin Name Pin # Pin Name
S26 SDMMC_DO0 L27 SDMMC3_DATO T3_SDMMCIQ]
S27 SDMMC_D1 J26 SDMMC3_DAT1 T3_SDMMCI1]
SDMMC Data
S28 SDMMC_D2 J28 SDMMC3_DAT2 T3_SDMMCI2]
S29 SDMMC_D3 K26 | SDMMC3 DAT3 T3_SDMMC[3]
S30 SDMMC_D4 Not used
S31 SDMMC_D5 Not used
S32 SDMMC_D6 Not used
S33 SDMMC_D7 Not used
S35 SDMMC_CK G30 SDMMC3_CLK T3 _SDMMC3_CLK SDMMC Clock
S36 SDMMC_CMD J29 SDMMC3_CMD T3_SDMMC3_CMD SDMMC Command
s37 | sDMMC RsT# K24 | SDMMC3 DAT6 WE RST# Reset signal to
- - - CarriereMMC flash
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3.2.18 SPI Interfaces

The SMARC sAT30 module supports three T30 SPI interfaces. One is used on the Module for an 8MB SPI device. Two are

available off-Module for general purpose use.

SPlinterface signalsare exposed onthe SMARC sAT30edge connectoras shown below:

SMARCSAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

SPI0

P43 | SPIo_cso# 324 | sPiL_cso# T3 SpiL_csos | SF 0 Master Chip Select 0

- - - = output
P31 | SPIo_CS1# N4 ULPI_STP T3 5Pl csis | SF\0 Master Chip Select 1
- - - = output

Pas | sPio_ck B28 | SPIL SCK T3 SPIL.SCK | SPIO Master Clock output
SPI0 Master Datainput

P45 SPIO_DIN F28 SPI1_MISO T3 SPI1_MISO (input to CPU, output from
SPIdevice)
SPI0 Master Data output

P46 | SPI0_DO F29 SPI1_MOSI T3_SPIL_MOSI | (output from CPU, input to
SPIdevice)

SPIL

ps4 | SPIL Cso# 68 | spi2_cso# T3 sl csp | Ot Master Chip Select 0
output

P55 | SPIL_CSl1# F25 | SPI2_csi# T3 5Pz cs1y | SF\L Master Chip Select 1
output

P56 SPI1 CK D29 SPI2_SCK T3 _SPI2_SCK SPI1 Master Clock output
SPI1Master Datainput

Ps7 | SPILDIN D30 | SPI2 MISO T3 SPI2_Miso | (input to CPU, output from
SPI device)
SPI1 Master Data output

Ps8 | sPi1 DO B27 | sPi2_MosI T3 SPI2.MOSI | (output from CPU, input to
(SPIdevice)
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3.2.19 12S Interfaces

The SMARC sAT30 module supports three off-Module 12S (DAP) interfaces. The default SMARC audio interface is 12S0
and the Kontron sAT30 bootloader implements this. The other 12S ports may be used for audio (if the bootloader is re-
configured for this) or may be used for other devices that accept an 12S interface.

I2Sinterface signals are exposed onthe SMARC sAT30 edge connector as shown below:

SMARCSsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

1250

$39 12S0_LRCK 29 DAP2 FS DAP2_FS Z;:i:gg;ﬁiiiilock
S40 1250_SDOUT G27 DAP2_DOUT DAP2DOUT | Digital audio Output
s41 1250_SDIN F27 DAP2_DIN DAP2_DIN Digital audio Input
42 1250_CK c28 DAP2_SCLK DAP2_SCLK Digital audio clock
1251

s43 2S1_LRCK R4 DAP3_FS DAPL FS Is_;:izgi:ﬁzik;lock
S44 12S1_SDOUT M3 DAP3_DOUT DAPLDOUT | Digital audio Output
S45 1251_SDIN N3 DAP3_DIN DAPL_DIN Digital audio Input
S46 12S1_CK R6 DAP3_SCLK DAPL_SCLK Digital audio clock
1252

S50 12S2_LRCK AA24 DAP4_FS DAPO_FS 'S‘;:j]zgi:;‘?;iizlock
s51 1252_SDOUT w28 DAP4_DOUT DAPO_DOUT | Digital audio Output
S52 1252_SDIN AA29 DAP4_DIN DAPO_DIN Digital audio Input
S53 1252_CK AA26 DAP4_SCLK DAPO_SCLK Digital audio clock
Audio Master clock

Master clock output to Audio

S38 AUDIO_MCK c27 CLK1 ouT AUDIO_MCLK
- - - codec
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3.2.20 SPDIF Interface
The SMARC sAT30 module supports one SPDIF interface.

SPDIF interface signals are exposed on the SMARC sAT30 edge connector as shown below:

SMARCsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

S59 SPDIF_OUT A28 SPDIF_OUT SPDIF_OUT Digital Audio Output
S60 SPDIF_IN H27 SPDIF_IN SPDIF_IN Digital Audio Input
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3.2.21 Asynchronous Serial Ports

The SMARC sAT30 module supports four UARTs (SER0:3). UARTs SERO and SER2 supports flow control signals (RTS,
CTS). UARTs SER1 and SER3 do not support flow control. When working with Linux for Tegra (L4T), SER 1 is used for T30
CPU debugging.

The sAT30 asynchronous serial port signals have a 1.8V level signal swing. They can be converted to RS232 level and
polarity signals by using a suitable RS232 transceiver. There are transceivers available that accept a 1.8V signal level:
some examples include the Texas Instruments TRS3253E, the Maxim MAX3218 and the Linear Technology LTC2801.
Note that RS232 transceivers invert the signal; a logic ‘1’ is a negative voltage (-3.0V to -15V) and a logic ‘0’ a positive
voltage (3.0V to 15V) on the RS232 line. Asynchronous serial ports interface signals are exposed on the SMARC
SAT30 edge connector as shown below:

SMARCSsAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # Pin Name

SERO

P129 SER0O_TX W25 UART2_TXD SER0_TXD Asynchronous serial port data out
P130 SERO_RX AB28 UART2_RXD SERO_RXD Asynchronous serial port data in
P131 | SERO RTSH AB26 | UART2.RTS# | SERORTS z;g%eg to Send handshake fine for
P132 | SER0_CTS# AA25 | UART2.CTS# | SER0.CTS (S::Ees;to Send handshake fine for
SER1

P134 SER1 TX R3 ULPI_DATAO SER1 TXD Asynchronous serial port data out
P135 SER1 RX V1 ULPI_DATAL SER1 RXD Asynchronous serial port data in
SER2

P136 SER2_TX AC27 UART3_TXD SER2_TXD Asynchronous serial port data out
P137 SER2_RX w27 UART3_RXD SER2_RXD Asynchronous serial port data in
P138 | SER2 RTSH AB29 | UART3RTS# | SER2RTS :Z‘;”;St to Send handshake fine for
P139 | SER2 CTS# W29 | UART3 CTS# | SER2.CTS (S::ssrzto Send handshake fine for
SER3

P140 SER3 TX M2 ULPI_CLK SER3_TXD Asynchronous serial port data out
P141 SER3 RX M4 ULPI_DIR SER3 RXD Asynchronous serial port data in
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3.2.22 12C Interface

There are five 12C buses defined in the SMARC specification: PM (Power Management), LCD (Liquid Crystal
Display), GP (General Purpose), CAM (Camera) and HDMI. The sAT30 supports multiple masters and slaves in fast
mode (400 KHz operation). A high speed mode (3.4 MHz) option also exists, although many 12C peripherals may have
trouble with this. The I2C interface signals are exposed on the SMARC sAT30 edge connector as shown below:

SMARCSAT30Edgefinger NVIDIA T30 CPU Net Name Notes

Pin # Pin Name Pin # PinName

PM I2C

P121 | 12C_PM_CK 24 | PWR I2¢ scL PWR 12C SCL 1v8 Power management
- T - 12C bus clock

P122 | 12C_PM_DAT N27 | PWR_I2C_SDA PWR_I2C_SDA_1V8 Power management
- o - T 12C bus data

GPI2C

GEN2_I2C_SCL_1V8

S48 [2C_GP_CK G5 GEN2 12C SCL General purpose 12C
o o bus clock

S49 | 12c_GP_DAT 67 GEN2_[2C_ SDA | GEN2_I2C_SDA_1v8 General purpose 12C
o o - T T bus data

CAMI2C

S5 12C_CAM_CK AG5 | CAM_I2C_SCL 12C_CAM_CLK 'czk():clfame’a support

s7 | 12c_cAM DAT AH7 | CAM_I2C_SDA | 12C_CAM_DAT fafacamera support

LCDI2C

S139 | I2c_LCD CK AB25 | GENL I2C_SCL LCD_DDC_CLK tliskd'sf"ay'zc bus

S140 | 12C_LCD DAT V29 | GENLI2C SDA | LCD_DDC_DATA :;Z display 12C bus

HDMI 12C

P105 | HDMI_CTRL_CK AGL4 | DDC_SCL HDMI_DDC_SCL_1v8 ggiﬂk' dedicated 12C

P106 | HDMI_CTRL_DAT AJI0 | DDC_SDA HDMI_DDC_SDA_1V8 g:t':' dedicated |2
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User's Guide

All five 12C busses originate in the multi-master capable 12 controllers within the T30 SoC. The only 12C devices on the
sAT30 Module are on the I2C PM bus. Those devices and their address details are listed in the following table:

[2C_PM Bus

0x2D 058 | 0x5A General purpose usage

1 | TITPS65911C PMU u7 address
0x12 0x25 | 0x24 | Voltage scaling address

2 temperatures can be

read:
2 On Semi NCT72 Thermal Sensor us 0x4C 0x99 0x98
CPU Thermal diode +board

ambient

General purpose

parameter EEPROM
3 Atmel AT24C32D | EEPROM U9 0x50 0xAl | OxAO
Serial number, etc in

PICMG EEEP format

CPU Core Voltage

4 | Tl TPS62361 Buck Regulator us 0x60 0xC1 | 0xCO
Regulator

As the name implies (PM == “Power Management), this I12C bus is used by low level software for system power
management. Two of the Module power regulators are attached to this bus and various voltage levels and options are
continuously modified over this interface. So — use care if accessing this interface.
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3.3 SMARC sAT30 Debug

3.3.1 Serial Port for Linux Debug

SMARC module has 4 serial output ports, SERO, SER1, SER2 and SER3. Out of these 4 serial ports, SER1 is set as the
serial debug port use with Linux for Tegra (aka L4T). SER1 is exposed (along with all other serial ports available on the
module)inthe SMARC Evaluation Catrrier.

SER1 pin out of the SMARC sAT30 is shown below:

NVIDIA T30 CPU SMARC sAT30 Connector Pin Net Name Notes

Pin # Pin Name Pin # Pin Name

R3 ULPI_DATAO P134 SER1 TX SERL TXD Asynchronous sefial
_ - - port data out

V1 ULPI_DATAL P135 SERL_RX SERL_RXD Asynchronous seral

port data in

3.3.2 T30 CPU JTAG

A JTAG connector is provided on board for the debugging purpose. Connector Reference Designator: J2 is used for this
purpose. Pin out details are provided in section 4.2.1 “Connector J2-T30 CPU JTAG".
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3.4 Mechanical Specifications

3.4.1 Module Dimensions

The SMARC sAT30complieswith SMARC Hardware Specificationina82mmx50 mmformfactor.

3.4.2 Height on Top

Caution! 3.2 mmmaximum (without PCB) whereas the SMARC specification defines as 3mmas the maximum.

3.4.3 Height on Bottom

Caution! 1.45 mmmaximum (without PCB) whereas the SMARC specification defines as 1.3mm as the maximum.

3.4.4 Layout Diagrams

Top side major component (IC and Connector) information is shown in Figure 7 and 8: SMARC sAT30 Top side

components.
52.3mm
39.9mm 4X@2.7Tmm/@6mm PAD
M2.5x4mmSCREW
f————— 27.4mm ————
0000
us
50.0mm
42 4mm
22.0mm
12.0mm(TYP) —
— 4.0mm(TYP)
|—— 23.0mm
82.0mm

\ 2x@4.2mm/@6.2mm PAD
M2.5x3mm STANDOFF
HEAT SPREADER MOUNTING

Figure7: SMARCsAT30 Top Side Components
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Bottom side major component (IC & Connector) information is shown in Figure 8: SMARC sAT30 Bottom Side
Components. SMARC sAT30 height information is shown in Figure 9: SMARC sAT30 Edge View below:
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Figure 9: SMARC sAT30 Bottom Side Components
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Figure 10: SMARC sAT30 Edge View

3.4.5 Module Assembly Hardware

The SMARC sAT30 module is attached to the carrier with four M2.5 screws. A 4mm length screw is usually used. The
attachment holes are located on the corners of the module. Attachment holes have a 6mm diameter pad, 2.7 mm dia
drillholeasshown Figure 7: SMARC sAT30 Top side components.

3.4.6 Module Cooling Solution Attachment

Two Penn Engineering and Manufacturing (PEM) (www.pemnet.com) “SMTSQO” surface mount standoffs with M2.5
internal threads and 3mm stand-off height are soldered into the Module top side, adjacent to the Tegra SoC. They are
provided for the attachment of a heat spreader or heat sink, independent of the corner mounting holes. The PEM
SMTSO parts have excellent pull- strength and the Module PCB will deform before the standoffs can be pulled out.

The heat sink/heat spreader mounting holes are shown in Figure 7: SMARC sAT30 Top side components. The Heat
Spreader is secured to the Module with two 6mm flathead M2.5 screws.

For a large-area heat spreader or heat sink, the corner holes should be used as well, with suitable standoffs.
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3.5 Electrical Specification

3.5.1 Supply Voltage

The SMARC sAT30 module operates over an input voltage range of 3.1V to 5.25V. Power is provided from the carrier
through 10 power pins as defined by the SMARC specification.

Caution! The SMARC specification states that the input voltage range should extend down to 3.0V. The sAT30 lower limit
is determined by a non-volatile register setting in the TI PMU used.

3.5.2 RTC/Backup Voltage

3.0V RTC backup power is provided through the VDD_RTC pin from the carrier board. This connection provides back up
power to the module PMU.

3.5.3 No Separate Standby Voltage

The SMARC sAT30 does not have a standby power rail. Standby operation is powered through the main supply voltage
rail, as defined in the SMARC specification.

3.5.4 Modulel/OVoltage

The SMARC sAT30 module complies with the default /O voltage (1.8V) level defined by SMARC Hardware
specification. Module pin S158 (VDD_IO_SEL#) is tied low on the Module, per the SMARC specification, indicating a
1.8V I/O voltage level.
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3.5.5 PowerConsumption

Power figures are given in the table below for the Module power consumption in various situations. These are Module
power figures. Off-Module power consumption (e.g. display backlight, display power, Carrier board devices) is not
included here. What is included in these power figures: everything on the Module — the Tegra SoC, the DDR3L DRAM,
the eMMC memory, the Module SPI, the Module power supplies, the Module LVDS transmitter, the GBE controller and
miscellaneous Module circuits. The figures below given below are subject to change.

State / Activity | CPUFreq Module USB PCle + GBE SATA Notes
Power Enabled? Enabled? Enabled?
Active state
12GHzQC 1.6W Yes Yes Yes
(Linux Desktop)
Active state
12GHzQC 5.5W Yes Yes Yes
MPEG4 decode
Active state All 4 cores @
12GHzQC 7.0W Yes Yes Yes
Stress Test 100% load
Active State
12GHzQC 4.0W Yes No No
MPEG4 decode
Active State p "
Power Save” mode
12GHzQC 3.0w Yes No No bled
MPEG4 decode enable
Sleep State
LP1 585mwW Yes Yes Yes
Deep Sleep
LPO 310mw Yes Yes Yes
State
Sleep State
LP1 535mwW Yes No No
Deep Sleep
LPO 280mwW Yes No No
State

There are many options, configurable in software. And there are trade-offs: for example, the “Power Save” option does
save power and the response to events such as keyboard and mouse activity can be sluggish. Evaluation units are
available from Kontron to allow users to check out some of these tradeoffs.
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3.6 Environmental Specification

3.6.1 Operating Temperature

The SMARC sAT30 module operates from 0°C to 60°C air temperature, with a passive heat sink arrangement. Higher
ambient temperature performance may be achieved with a passive or active cooling solution and will depend on system
level thermal properties.

3.6.2 Humidity
Operating: 10% to 90% RH (non-condensing).

Non-operating: 5% to 95% RH (non-condensing).

3.6.3 RoHS Compliance

The SMARC sAT30 module is compliant to the 2002/95/EC RoHS directive.
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4 Connectors

4.1 SMARCsAT30Edge ConnectorPin Mapping
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Figure 11: SMARC sAT30 edge finger primary pins
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Figure 12: SMARC sAT30 edge finger secondary pins
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Pin mapping between the SMARC sAT30 module edge connector and T30 SoC is shown in the table below.
Connections between the edge connector and other devices on the module are not shown.

SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
Pin# | PinName Pin # PinName

P1 PCAM_PXL_CK1 Not used
P2 GND

P3 CSI1_CK+/PCAM DO | AG2 CSI_CLKBP

P4 CSI1_CK-/PCAM_D1 | AG3 CSI_CLKBN

P5 PCAM_DE Not used
P6 PCAM_MCK Not used
P7 CSI1_D0+/PCAM D2 | AE1 CSI_D1BP

P8 CSI1_D0-/PCAM_D3 | AD1 CSI_D1BN

P9 GND

P10 | CSI1_D1+/PCAM D4 | AH1 CSI_D2BP

P11 | CSI1_D1-/PCAM_D5 | AH2 CSI_D2BN

P12 GND

P13 CSI1_D2+/PCAM_D6 Not used
P14 | CSI1_D2-/PCAM_D7 Not used
P15 GND

P16 CSI1_D3+/PCAM_D8 Not used
P17 | CSI1_D3-/PCAM_D9 Not used
P18 GND

P19 GbE_MDI3- Intel 1210
P20 GbE_MDI3+ Intel 1210
P21 GbE_LINK100# Intel 1210 and OD driver
P22 GbE_LINK1000# Intel 1210 and OD driver
P23 GbE_MDI2- Intel 1210
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SMARCsAT30Edgefinger NVIDIA T30 CPU Notes

P24 GbE_MDI2+ Intel 1210

P25 GbE_LINK_ACT# Intel 1210 and OD driver
P26 GbE_MDI1- Intel 1210

p27 GbE_MDI1+ Intel 1210

P28 GbE_CTREF Not used

P29 GbE_MDIO- Intel 1210

P30 GbE_MDI0+ Intel 1210

P31 SPI0_CS1# N4 ULPI_STP

P32 GND

P33 SDIO_WP K5 CLK2_OuT

P34 SDIO_CMD N6 SDMMC1_CMD

P35 | SDIO_CD# M5 GPIO_PV2

P36 SDIO_CK M6 SDMMC1_CLK

P37 SDIO_PWR_EN M1 GPIO_PV3

P38 GND

P39 SDIO_DO K1 SDMMC1_DATO

P40 SDIO D1 K2 SDMMC1_DAT1

P41 SDIO_D2 K3 SDMMC1_DAT2

P42 SDIO_D3 K4 SDMMC1_DAT3

P43 SPI0_CS0# J24 SPI1_CS0#

P44 SPI0_CK B28 SPI1_SCK

P45 SPIO_DIN F28 SPI1_MISO

P46 SPI0_DO F29 SPI1_MOSI

P47 GND

P48 SATA TX+ AE16 SATA_LO_TXP Through 100nF capacitor C90
P49 SATA_TX- AD16 SATA_LO_TXN Through 100nF capacitor C91
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes

P50 GND

P51 SATA RX+ AD19 SATA_LO_RXP Through 100nF capacitor C92
P52 SATA_RX- AE19 SATA_LO_RXN Through 100nF capacitor C93
P53 GND

P54 SPI1_CS0# G28 SPI2_CS0#

P55 SPI1_CS1# F25 SPI2_CS1#

P56 SPI1_CK D29 SPI2_SCK

P57 SPI1_DIN D30 SPI2_MISO

P58 SPI1_DO B27 SPI2_MOSI

P59 GND

P60 USBO+ W2 USB1_DP

P61 USBO- W3 USB1 DN

P62 USBO_EN_OC# MAXV CPLD

P63 USBO_VBUS_DET W5 USB1_VBUS 5V VBUS power
P64 USBO_OTG_ID T7 USB1_ID

P65 USB1+ T5 USB2_DP

P66 USB1- T6 USB2_DN

P67 USB1_EN_OC# MAXV CPLD

P68 GND

P69 USB2+ V2 USB3_DP

P70 USB2- V3 USB3_DN

P71 USB2_EN_OC# MAXV CPLD

p72 PCIE_C_PRSNT# Not used

P73 PCIE_B_PRSNT# AD25 PEX_LO_PRSNT

P74 PCIE_A_PRSNT# AD24 PEX_L1_PRSNT
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SMARCSsAT30Edgefinger

NVIDIA T30 CPU

Notes

P75 | PCIE_A_RST#

AG27 | PEX_LLRST

Provision to connect pin P75 to GMI_AD15 (F1)
through a 0 ohm resistor, R302 (By default R302
is Not Installed)

P76 | PCIE_C_CKREQ# Not used
P77 | PCIE_B_CKREQ# AG24 PEX_LO_CLKREQ

P78 | PCIE_A_CKREQ# AD26 PEX_L1_CLKREQ

P79 GND

P80 PCIE_C_REFCK+ Not used
P81 PCIE_C_REFCK- Not used

P82 GND

P83 | PCIE_A REFCK+

AB23 PEX_CLK2P

P84 PCIE_A_REFCK-

AB24 PEX_CLK2N

P85 GND

P86 | PCIE_A RX+

AH24 | PEX_L4_RXP

P87 | PCIE_A_RX-

AJ24 PEX_L4_RXN

P88 GND

P89 | PCIE_A_TX+

AF21 PEX_L4 TXP

P90 | PCIE_A_TX-

AG2L | PEX_L4_TXN

Pa1 GND
P92 HDMI_D2+ AJ7 HDMI_TXD2P
P93 HDMI_D2- AK7 HDMI_TXD2N
P94 GND
P95 HDMI_D1+ AJ6 HDMI_TXD1P

P9% | HDMI_D1-

AH6 HDMI_TXDIN

P97 GND

P98 | HDMI_DO+

AH4 HDMI_TXDOP
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
P99 HDMI_DO- A4 HDMI_TXDON

P100 | GND

P101 | HDMI_CK+ AK4 HDMI_TXCP

P102 | HDMI_CK- AK3 HDMI_TXCN

P103 | GND

P104 | HDMI_HPD AG13 HDML_INT

P105 | HDMI_CTRL_CK AG14 DDC_SCL

P106 | HDMI_CTRL_DAT AJ10 DDC_SDA

P107 | HDMI_CEC AC18 HDMI_CEC Not used
P108 | GPIOO/CAMO_PWR# | J30 KB_COL00

P109 | GPIOl/CAM1_PWR# N26 KB_COLO01

P110 | GPIO2/CAMO_RST# V25 KB_COL02

P111 | GPIO3/CAM1 RST# K28 SDMMC3_DAT7

P112 | GPIO4/HDA RST# F26 CLK1_REQ

P113 | GPIO5/PWM_OUT AB27 GPIO_PU3

P114 | GPIO6/TACHIN AA27 GPIO_PU6

P115 | GPIO7/PCAM_FLD AG7 GPIO_PBB4

P116 | GPIO8/CANO_ERR# T26 KB_ROWO00

P117 | GPIO9/CAN1 ERR# M23 KB_ROWO01

P118 | GPIO10 T1 ULPI_DATAG

P119 | GPIO11 T24 KB_ROW06

P120 | GND

P121 | 12C_PM_CK M24 PWR_I2C_SCL

P122 | 12C_PM_DAT N27 PWR_[2C_SDA

P123 | BOOT_SELO# MAXV CPLD
P124 | BOOT_SEL1# MAXV CPLD
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes

P125 | BOOT_SEL2# MAXV CPLD
P126 | RESET _OUT# PMUTPS65911C and MAXV CPLD
P127 | RESET_IN# PMU TPS65911C through Level Translator
P128 | POWER_BTN# PMUTPS65911C
P129 | SERO_TX W25 UART2_TXD

P130 | SERO_RX AB28 UART2_RXD

P131 | SERO_RTS# AB26 UART2_RTS#

P132 | SERO_CTS# AA25 UART2_CTS#

P133 | GND

P134 | SER1 TX R3 ULPI_DATAOQ

P135 | SERL RX V1 ULPI_DATAl

P136 | SER2_TX AC27 UART3_TXD

P137 | SER2_RX W27 UART3_RXD

P138 | SER2 RTS# AB29 UART3_RTS#

P139 | SER2 _CTS# W29 UART3_CTS#

P140 | SER3_TX M2 ULPI_CLK

P141 | SER3 RX M4 ULPI_DIR

P142 | GND

P143 | CANO_TX Not used

P144 | CANO_RX Not used

P145 | CANL TX Not used

P146 | CANL1 RX Not used

P147 | VDD_IN

P148 | VDD_IN

P149 | VDD_IN

P150 | VDD_IN
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
P151 | VDD_IN

P152 | VDD_IN

P153 | VDD_IN

P154 | VDD_IN

P155 | VDD_IN

P156 | VDD_IN

S1 PCAM_VSYNC Not used
S2 PCAM_HSYNC Not used
S3 GND

S4 PCAM_PXL_CK0

S5 12C_CAM_CK AG5 CAM_|2C_SCL

S6 CAM_MCK AD5 CAM_MCLK

S7 [2C_CAM_DAT AH7 CAM_I2C_SDA

S8 CSI0_CK+/PCAM_D10 | AD4 CSI_CLKAP

S9 CSI0_CK- / PCAM_D11 | AC4 CSI_CLKAN

S10 GND

S11 CSI0O_DO0+/PCAM_D12 | AD2 CSI_D1AP

S12 CSI0_D0-/PCAM_D13 | AD3 CSI_D1AN

S13 GND

S14 CSI0O_D1+/PCAM_D14 | AE3 CSI_D2AP

S15 CSI0_D1-/PCAM_D15 | AE2 CSI_D2AN

S16 GND

S17 AFBO_OUT Not used
S18 AFB1_OUT Not used
S19 AFB2_OUT Not used
S20 AFB3_IN Not used
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
S21 AFB4_IN Not used
S22 AFB5_IN Not used
S23 AFB6_PTIO Not used
S24 AFB7_PTIO Not used
S25 GND
S26 SDMMC_DO0 L27 SDMMC3_DATO
S27 SDMMC_D1 J26 SDMMC3_DAT1
S28 SDMMC_D2 J28 SDMMC3_DAT2
S29 SDMMC_D3 K26 SDMMC3_DAT3
S30 SDMMC_D4 Not used
S31 SDMMC_D5 Not used
S32 SDMMC_D6 Not used
S33 SDMMC_D7 Not used
S34 GND
S35 SDMMC_CK G30 SDMMC3_CLK
S36 SDMMC_CMD J29 SDMMC3_CMD
S37 SDMMC_RST# K24 SDMMC3_DAT6
S38 AUDIO_MCK c27 CLK1_ouT
S39 1250_LRCK C29 DAP2_FS
S40 1250 _SDOUT G27 DAP2_DOUT
S41 12S50_SDIN F27 DAP2_DIN

Through a 33 ohm
S42 1250_CK C28 DAP2_SCLK

Seriesresistor (R295)
S43 | 12S1_LRCK R4 DAP3_FS
S44 [2S1_SDOUT M3 DAP3_DOUT
S45 [2S1_SDIN N3 DAP3_DIN
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
S46 12S1 CK R6 DAP3_SCLK

S47 GND

S48 12C_GP_CK G5 GEN2_I2C_SCL

S49 | 12C_GP_DAT G7 GEN2_12C_SDA

S50 12S2_LRCK AA24 DAP4_FS

S51 [2S2_SDOUT W28 DAP4_DOUT

S52 1252_SDIN AA29 DAP4_DIN

$53 | 1252_CK AA26 DAP4_SCLK

S54 | SATA_ACT# A3 GMI_CS3#

S55 AFB8_PTIO Not used
S56 AFB9_PTIO Not used
S57 | PCAM_ON_CSI0#

S58 | PCAM_ON_CSI1#

S59 SPDIF_OUT A28 SPDIF_OUT

S60 SPDIF_IN H27 SPDIF_IN

S61 GND

S62 AFB_DIFFO+ Not used
S63 AFB_DIFFO- Not used
S64 GND

S65 AFB_DIFF1+ Not used
S66 AFB_DIFF1- Not used
S67 GND

S68 AFB_DIFF2+ Not used
S69 AFB_DIFF2- Not used
S70 GND

S71 AFB_DIFF3+ Not used
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
S72 AFB_DIFF3- Not used
S73 GND

S74 AFB_DIFF4+ Not used
S75 AFB_DIFF4- Not used
S76 PCIE_B_RST# AG26 PEX_LO_RST#

S77 | PCIE_C_RST# Not used
S78 PCIE_C RX+ Not used
S79 PCIE_C RX- Not used
S80 GND

S81 PCIE_C TX+ Not used
S82 PCIE_C_TX- Not used
S83 GND

S84 PCIE_B_REFCK+ AK27 PEX_CLK1P

S85 PCIE_B_REFCK- AK28 PEX_CLKIN

S86 GND

S87 PCIE_B_RX+ AH19 PEX_LO_RXP

S88 PCIE_B_RX- AJ19 PEX_LO_RXN

S89 GND

S90 PCIE_B_TX+ AF18 PEX_LO_TXP

S91 PCIE_B_TX- AG18 PEX_LO_TXN

S92 GND

S93 LCD_DO AE9 LCD D18

S94 LCD D1 AE10 LCD D19

S95 LCD D2 AE8 LCD_DO

S96 LCD D3 AF12 LCD D1

S97 LCD D4 AD10 LCD_D2
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes
S98 LCD D5 AK15 LCD D3
S99 LCD_D6 AK16 LCD D4
S100 | LCD_D7 AK10 LCD_D5
S101 | GND

S102 | LCD_D8 AH13 LCD_D20
S103 | LCD_D9 AH9 LCD D21
S104 | LCD_D10 AK12 LCD_D6
S105 | LCD_D11 AG16 LCD_D7
S106 | LCD_D12 AG8 LCD_D8
S107 | LCD_D13 AD15 LCD_D9
S108 | LCD_D14 AK9 LCD D10
S109 | LCD_D15 AJ12 LCD D11
S110 | GND

S111 | LCD_D16 AE13 LCD_D22
S112 | LCD_D17 AK13 LCD D23
S113 | LCD_D18 AF9 LCD D12
S114 | LCD_D19 AC12 LCD D13
S115 | LCD_D20 AD12 LCD D14
S116 | LCD_D21 AE18 LCD D15
S117 | LCD_D22 AF13 LCD D16
S118 | LCD_D23 AH15 LCD D17
S119 | GND

S120 | LCD_DE AG9 LCD _DE
S121 | LCD_VS AF10 LCD_VSYNC
S122 | LCD_HS AF16 LCD_HSYNC
S123 | LCD_PCK AG11 LCD_PCLK
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SMARCSsAT30Edgefinger NVIDIA T30 CPU Notes

S124 | GND

S125 | LVDSO+ LVDS Transmitter
S126 | LVDSO- LVDS Transmitter
S127 | LCD_BKLT_EN AH12 LCD_PWR2

S128 | LVDS1+ LVDS Transmitter
S129 | LVDS1- LVDS Transmitter
S130 | GND

S131 | LVDS2+ LVDS Transmitter
S132 | LVDS2- LVDS Transmitter
S133 | LCD_VDD_EN AG29 VI_D06

S134 | LVDS_CK+ LVDS Transmitter
S135 | LVDS_CK- LVDS Transmitter
S136 | GND

S137 | LVDS3+ LVDS Transmitter
S138 | LVDS3- LVDS Transmitter
S139 | 12C_LCD_CK AB25 GENL1_[2C_SCL

S140 | 12C_LCD_DAT V29 GENL1_[2C_SDA

S141 | LCD_BKLT_PWM AC25 GPIO_PU4

S142 | LCD_DUAL_PCK MAXV CPLD

S143 | GND

S144 | RSVD/EDP_HPD Not used

S145 | WDT_TIME_OUT# MAXV CPLD

S146 | PCIE_WAKE# AF22 PEX_WAKE#

S147 | VDD_RTC RTC Power

S148 | LID# PMUTPS65911C
S149 | SLEEP# PMUTPS65911C
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SMARCsAT30Edgefinger NVIDIA T30 CPU Notes

S150 | VIN_PWR_BAD# PMUTPS65911C

S151 | CHARGING# T3 ULPI_DATA3

S152 | CHARGER_PRSNT# PMUTPS65911C

S153 | CARRIER_STBY# AG30 VI_VSYNC

S154 | CARRIER_PWR_ON PMUTPS65911C and MAXV CPLD
S155 | FORCE_RECOV# F2 GMI_OE# Pull up/ Pull down option

S156 | BATLOW# D28 DAP1 FS

S157 | TEST# MAXV CPLD

S158 | VDD_IO_SEL# Tiedto GND toindicate 1.8V I/O
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4.2 JTAG

Figure 12 showsthe SMARCsAT30JTAG connectorslocationand pinout.
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Figure 13: SMARC sAT30 JTAG Connectors

4.2.1 Connector J2-T30 CPU JTAG

T30 SoC JTAG connector pinl & location detail is shown in the figure below:
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Figure 14: T30 CPU JTAG
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Connector: JST SM10B-SRSS-TB, 1mm pitch R/A SMD Header.

Pin # Signal Notes
1 V_JTAG_T30 1.8Volts/3.3Volts
2 JTAG_TSRT#

3 JTAG_TMS

4 JTAG_TDO

5 JTAG_TDI

6 JTAG_TCK

7 JTAG_RTCK

8 GND

9 MFG_MODE#

10 GND

Caution! The JTAG port is for internal use only. Do not connect any devices.
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4.2.2 ConnectorJ1-CPLDJTAG

CPLD JTAG connector pinl & location detail is shown in the figure below.
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Figure 15: CPLD JTAG

Connector: JST SMO8B-SRSS-TB, 1mm pitch R/A SMD Header.

Pin # Signal Notes

1 V_3V3 3.3Volts

2 JTAG_CPLD_TDI

3 JTAG_CPLD_TCK

4 JTAG_CPLD_TMS

5 JTAG_CPLD_TDO

6 GND

7 No Connect

8 GND

Caution! The JTAG port is for internal use only. Do not connect any devices.
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5 SMARC sAT30 Special Features

5.1 Watchdog Timer

The SMARC sAT30 module implements two Watchdog Timers (WDTs). Each one of these options is described below.

5.1.1 CPLD Watchdog Timer

[TBD. This feature is yet to be implemented. This is the functionality described by the SMARC Specification]

5.1.2 TegraT30SoCWatchdog Timer

NVIDIA’s Tegra T30 features an internal WDT. Kontron’s Linux kernel enables the internal T30 WDT and makes this
functionality available to users through the standard Linux Watchdog API.

A description of the APl is available following the link below:;

http://www.kernel.org/doc/Documentation/watchdog/watchdog-api.txt

5.2 PMUGPIO

The PMU on the SMARC sAT30 contains a few GPIOs. These GPIOs are used for power management functionality but can
also be used for general purpose 1/0. These GPIOs are different from SMARC sAT30 module hardware specification
GPIOs.

Thetable below showsthe PMU GPIO usage information details:

TIPMU TPS659110C SMARCSsAT30Edgefinger Net name Notes
Pin# | PinName Pin# | PinName
Default Function : Core power
CORE_PWR_REQ/ enable signal
F1 SLEEP S149 | SLEEP#
SLEEP_IN# Alternate Function: Sleep
indication from carrier board
L3 INT1 PMU_INT# PMU Interrupt signal
Power bad indication from
POWER_HOLD/ carrier board used as an option
N1 PWRHOLD S150 | VIN_PWR_BAD# to hold the PMU power output
VIN_PWR_BAD# with AND gate logic with
systemreset.
N2 PWRDN AP_OVERHEAT# High Temp warning signal
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TIPMU TPS659110C SMARCSsAT30Edgefinger Net name Notes
RESET_IN#/ ;
- Reset t to the PMU th h
L6 | HDRST P127 | RESET IN# esetinputtothe PMU throug
SYS RESET IN# level translator
PMU_ONKEY# Power button input from carrier
E4 PWRON P128 | POWER_BTN# board through zero ohm
ONKEY# resistor
H4 NRESPWRON SYS RESET# System reset out signal for T30
- CPU
PMU_RESET_OUT_1V8#/ ;
C7 | NRESPWRON2 | P126 | RESET_OUT# System reset out signal for the
RESET OUT# carrier board
V_5V0_STBYP lat
15 | GPIOo EN_5V_CHARGEPUMP —3V0_STBYPowerregulator
- enable
F6 GPIO1 PMU_LED1# Not Used
L2 GPIO2 EN_VDD SoC V_1V2Powerregulatorenable
B7 GPIO3 PMU_LED2# Not Used
CHARGER_PRESENT/ s
H7 | GPIO4 S152 | CHARGER_PRESENT# Charger presentindication
CHARGER PRESENT# signalthrough level translator
G6 GPIO5 S148 | LID# LID# Lid open/close indication
G3 GPIO6 EN_3V3 SYS V_3V3Powerregulatorenable
L4 GPIO7 EN DDR BUCK V_1v35_DDR3 Power regulator
- enable
V_5V0_SYSP lat
Ks | GPios EN_5V0_BUCKBOOST er;sblg_s S Power regulator
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5.3 SMARCSsAT301/0

The SMARC sAT30 module provides multiple 1/O lines for various functions. 12 I/Os lines are used as interrupt
capable GPIOs, which follow SMARC hardware specification. GPIO5 PWM output and GPIO6 Tachometer input support is
also provided as per the SMARC hardware specification.

Caution! These details are provided for reference. Generally, access to the I/O is abstracted in the Kontron BSP

packages.

GPIO functionality as well as I/O mapping to the SMARC sAT30 connector is shown below:

NVIDIA T30 CPU

Pin# | PinName

SMARCsAT30Edgefinger

Pin # Pin Name

Net name

Notes

J30 KB_COLO00

GPIOO/

P1
08 CAMO_PWR#

GPIOO/
CAMO_PWR#

Default Function :

Boot code should set this
to output, high
Alternate Function:
CAMO active low camera
powerenable

N26 KB_COLO1

GPIO1/

P1
09 CAM1_PWR#

GPIOY/

CAM1_PWR#

Default Function :

Boot code should set this
to output, high
Alternate Function:
CAML1 active low camera
powerenable

V25 | KB_COLO2

GPIO2/

P110 CAMO_RST#

GPIO2/

CAMO_RST#

Default Function :

Boot code should set this
to output, high
Alternate Function:
CAMOactivelowreset

K28 SDMMC3_DAT7

GPIO3/

P111
CAM1_RST#

GPIO3/

CAM1_RST#

Default Function :

Boot code should set this
to output, high
Alternate Function:
CAM1active lowreset

F26 | CLK1 REQ

GPIO4/

Pil2 HDA_RST#

GPIO4/

HDA_RST#

Default Function :

Boot code should set this
to output, high

Alternate Function:

HD Audio reset, active low
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AB27

NVIDIA T30 CPU

GPIO_PU3

SMARCSsAT30Edgefinger

GPIOS/
P113
PWM_OUT

Net name

GPIO5/

PWM_OUT

Notes

Default Function :

Boot code should set this
to output, high
Alternate Function:
PWM output

AA27

GPIO_PU6

GPIO6/
P114
TACHIN

GPIO6/

TACHIN

Default Function :

Boot code should set this
to input

Alternate Function:
Tachometerinput

AG7

GPIO_PBB4

GPIO7/

P15 PCAM_FLD

GPIO7/

PCAM_FLD

Default Function :

Boot code should set this
to input

Alternate Function:
Parallel camera field input
signal

T26

KB_ROWO0

GPIO8/
P116
CANO_ERR#

GPIO8

Default Function :

Boot code should set this
to input

Alternate Function:
General purpose 10

M23

KB_ROWO1

GPIO9/

PiLT CAN1_ERR#

GPIO9

Default Function :

Boot code should set this
to input

Alternate Function:
General purpose 10

T1

ULPI_DATAG

P118 GPIO10

GPI010

Default Function :

Boot code should set this
to input

Alternate Function:
General purpose 10

T24

KB_ROW06

P119 GPI011

GPI011

Default Function :

Boot code should set this
to input

Alternate Function:
General purpose 10

M26

KBROWO09

EN_3V3_GbE

V_3V3_GbE power enable
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NVIDIA T30 CPU SMARCSsAT30Edgefinger Net name Notes
N24 KB_ROWO04 LVDS_24BITSEL LVDSTransm|tter24b|t
- - data enable signal
N30 | KB_ROWOS LVDS,_18BITSEL LVDS Transmitter 1
- - data enable signal
M28 | KB_ROWO3 BOARD_ID_WP Board D EEPROM write
- - - protect control signal
F8 GMI_ADOQO NAND_ DO Boot device strap signal
G6 GMI_ADO01 NAND D1 Boot device strap signal
D3 GMI_ADO02 NAND_D2 Boot device strap signal
E4 GMI_ADO03 NAND D3 Boot device strap signal
BCT configurati
G2 GMI_AD04 NAND_D4 C.cm 'guirafion
- - selection strap
D2 GMI_ADO5 NAND_D5 BCT C.mﬂguratlon
- - selection strap
B3 GMI_ADO6 NAND_D6 BCT C.mﬂguratlon
- - selection strap
BCT configurati
Gl GMI_ADO7 NAND_D7 C.cm 'guirafion
- - selection strap
E6 GMI_ADV# NAND_ALE JTAG selection strap
A4 GMI_CLK NAND_CLE JTAG selection strap
NAND_RE#/ .
E GMI_OE# Force recovery selection
FORCE_RECOVERY# strap
o GMI WR# NAND WE: Normal opgratlon of T30
- - CPU selection strap
USBO Power enable
D6 GMI_CS44# EN_USBO_VBUS_CPLD
- - - - between T30 CPU and CPLD
35 | Gmicset EN_USBL vBUS_CpLp | USB Power enable
- - - - between T30 CPU and CPLD
USB2 Power enable
J7 GMI_CST7# EN_USB2_VBUS_CPLD
- - - - between T30 CPU and CPLD
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NVIDIA T30 CPU SMARCSsAT30Edgefinger Net name Notes
USBO Over current

F4 GMI_ADO09 USBO_OC_CPLD# indication between T30
CPUandCPLD
USB1 Over current

K7 GMI_CS1# USB1 OC_CPLD# indication between T30
CPUandCPLD
USB2 Over current

F6 GMI_CS2# USB2 _OC_CPLD# indication between T30
CPUandCPLD

J2 GMI_AD14 GbE_PCIE_DIS# GbE disable signal

F1 GMI_AD15

P75 | PCIE_A_RST#

CARD_PEX_RST#

PCle A optional active low
reset

D5 GMI_WP#

MFG_MODE_R

T30 CPU manufacturing
mode control signal

A3 GMI_CS3#

S54 SATA_ACT#

SATA_ACT LED#

SATA activity indicator

AG30 | VI_VSYNC

S153 CARRIER_STBY#

CARRIER_STBY#

Systemstandby state
indication

LVDS Transmitter IC

AE27 | VI_D04 LVDS_SHTDN# . .

- - disable signal
AG29 | VI_D06 S133 LCD_VDD_EN EN VDD _PNL LCD Data power enable
AE29 | VI_DO08 EN 3Vv3 FUSE V_3V3_Fuse power enable
AD28 | VI_D09 EN_3V3_HVDDPEX V_3V3_HVDDPEX power

enable

AG6 GPIO_PCC2

TEMP_ALERT#

Excessive temperature
indication signal from

temperaturesensor
AH12 | LCD_PWR2 S127 | LCD_BKLT EN LCD_BL_EN LCD Backlight Enable
327 | SDMMC3 DAT4 EN 3V3 EMMC V_3V3_EMMC power
- - = enable
k24 | soMmc3 DAT6 | s37 | sDmmc RsT# WE RST# Reset signal to the carrier
- - - eMMC device
M5 | GPIO_PV2 P35 | SDIO_CD# SDIO_CD# SD Card detect signal
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M1 GPIO_PV3 P37 SDIO_PWR_EN SDIO_PWR_EN SD Card Power enable
K5 CLK2_ouT P33 SDIO WP SDIO WP# .SD. Card write protect
B - - indication
D28 | DAP1_FS S156 | BATLOW# BATLOW# Low Battery indication
- fromthecarrier
AC25 | GPIO_PU4 S141 | LCD_BKLT PWM | LCD_BL_PWM LCD Backlight PWM output
T3 ULPI_DATA3 S151 | CHARGING# CHARGING# Battery charging activity
- indication signal

www.kontron.com



http://www.kontron.com/�

5.4 Temperature Sensor

The SMARC sAT30 module features a temperature sensor available on the 12C_PM bus. An On Semiconductor NCT72
has been used to implement this feature. 12C address information to access this device is provided in section 3.2.22
12C Interface.

The temperature sensor allows two temperatures to be read: 1) the Tegra SoC internal thermal diode and 2) the sAT30
Module ambientPCBtemperature.

The temperatures can be read via Linux command line functions, or via the BSP.

To read the CPU temp, run the commands:

i2cget —y Ox4c 0x01

i2cget —y Ox4c 0x10

The first command gives you the temp (in binary) in 1°C increments.

The second command gives you added granularity (in binary) in 0.25°C increments. (Only the two MSB’s are
used, so you will only get; 0x00, 0x40, 0x80, 0xc0 for 0.0, 0.25, 0.50 and 0.75, respectively.

To read the local (NCT72 measured/ambient) temp run:
12cget —y Ox4c 0x00

This will return the local temp (in binary) in 1°C increments.
There is no added granularity register for the local temp.

The CPU thermal diode readout is a valuable tool to use during system development. It should be used to characterize
and qualify the system thermal solution.

5.5 SMARCsAT30Power Management

The SMARC sAT30 module supports the following system and power management modes:

» LPO (Deep Sleep Mode).
» LP1(Sleep Mode).
» Active Mode.

Low Power mode support and supported resume events are software dependant. Please consult the software release
notes available with the SMARC sAT30 board support package at http://emdcustomersection.kontron.com/.
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5.6 Board ID EEPROM

The SMARC sAT30 module includes an 12C serial EEPROM available on the 12C_PM bus. An Atmel 24C32 or equivalent
EEPROM s usedinthe module. The device operatesat 1.8V. The Module serial EEPROM is placed at 12C slave addresses
A2 Al AQ set to 0 (12C slave address 50 hex, 7 bit address format or A0 / Al hex, 8 bit format) (for 12C EEPROMs,
address bits A6 A5 A4 A3 are set to binary 0101 convention).

The module serial EEPROM is intended to retain module parameter information, including serial number. The module
serial EEPROM data structure conforms to the PICMG® EEEP Embedded EEPROM Specification.
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6  Thermal Design Considerations

6.1 Thermal Management

An optional heat spreader plate assembly is available from Kontron for the SMARC sAT30 module. The heat spreader
plate on top of this assembly is NOT a heat sink. It works as a SMARC®- standard thermal interface to be used with a
heat sink or other cooling device.

External cooling must be provided to maintain the heat spreader plate at proper operating temperatures. Under worst-
case conditions, the cooling mechanism must maintain an ambient air and heat spreader plate temperature of 60° C or
less.

The aluminum slugs and thermal pads on the underside of the heat spreader assembly implement thermal interfaces
between the heat spreader plate and the major heat-generating components on the sAT30 Module. About 80% of the
power dissipated within the module is conducted to the heatspreader plate and can be removed by the cooling
solution.

You can use passive thermal-management solutions with the heatspreader plates. The optimum cooling solution
varies, depending on the SMARC® application and environmental conditions.

6.2 Heat Spreader Dimensions

The SMARC sAT30 module includes two mounting holes for mounting the passive heat sink, located to the left and
right of the T30 SoC. Heat spreader dimensions are shown in the diagram below. (TIM” stands for Thermal Interface
Material)

78.0
68.0

l—14.0 —= |=—30
e |—4.0 J 3u—a—| |t
/R R 40!
% % ’ 9.0
A c cp—2
Module Far
420 Side | Side
38,0
Bl B
1 .y TIM 'E}
o | | A @c A |
Yi— @ [
§ 43 40 N2 s
b L,
=—14.0—] en = B ]
255
330
59.0
68.0
78.0
82,0

Figure 16: Heat Spreader
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The table below describes the function and assembly hardware required by each of the heatspreader holes.

Hole Heatspreader SMARC sAT30 Evaluation Carrier

A 3mm standoffs Clearance holes M2.5 Threaded Standoffs
ClearanceforM2.5

3mm captive standoff

B Clearance for M2.5 M2.5 thread N/A
C M3thread N/A N/A
6.3 Thermal Parameters
The T30 SoC thermal parameters are shown in the table below:
Description Detail
Junction Temperature(Tj) max 90°C
Thermal Resistance, CPU Junction to ambient (;,) 11.6 ’c/w
Thermal Resistance, CPU Junction to case (0;c) 1.18 'c/w
Thermal Resistance, CPU case to heat spreader far surface (6cs) Less than 1 °C/W

A heat spreader is available now from Kontron for the SAT30 Module. A passive heat sink solution is pending.

6.4 Operation without a Heat Spreader / Heat Sink

The SMARC sAT30 Module is sometimes used in a room temperature environment without any heat sink at all. While it is
easy and convenient, it is not generally recommended, as it can put the Tegra CPU die at or above the 90°C limit,
depending on what you are running and how system performance parameters (CPU speed, number of cores active,
etc.).

At the Linux desktop, without any heat sinking at all, assuming a typical Module power consumption of 1.6W and an
ambient room temperature of 23°C, the CPU die would be at about 42°C (1.6W * 11.6 °C/W + 23°C). The temperature
may actually be a bit less, as not all of the assumed 1.6W is going to the Tegra.

Running an MPEG4 decode, with all Module features (USB, PCle, GBE, SATA) enabled has a typical power consumption
of 5.5W. This yields a calculated CPU die temperature of 87°C - pretty close to the Tegra limit.

The stress test, at 7W, puts the Tegra well over the die temperature limit, if there is no heat sinking.
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7  SMARC sAT30 Software

7.1 Introduction

Software in the SMARC sAT30 is derived from the “Linux for Tegra” software release provided by NVIDIA. Without
changing any core functionality, the software has been customized to enable native peripherals on the SMARC sAT30
module and also to support additional features (http://developer.nvidia.com/mobile/linux-tegra). The SMARC sAT30
bootloader is based in U-Boot (http://www.denx.de/wiki/U-Boot/).

7.2 Linuxfor Tegra

The initial customer release for the SMARC sAT30 software package is based in “Linux for Tegra” release 15, based on
Linux kernel version 3.1.10. “Linux for Tegra” is an NVIDIA Linux package that has been customized to support its
Tegra series processors. More details can be obtained from http://developer.nvidia.com/mobile/linux-tegra.

7.3 SMARCSsAT30 Linux for Tegra Modifications

NVIDIA has made available an evaluation platform named “Cardhu”. Kontron has performed a few modifications to the
“Linux for Tegra” package available for “Cardhu”:
» Updated U-Boot bootloader and enabled support for various LVDS panels.

» Updated Kernel configuration file to support I2C, 12S and all embedded interfaces available in the SMARC
SAT30.

» Added support for a set of programmable GPIO’s.

» Added support for the Intel 1210 (Springville) SMARC SAT30 GbE.
» Added support for common miniPCle WiFi devices.

» Various 12C address changes.

» Enabled SATA and PCle.

Kontron’s SMARC sAT30 software, documentation and release notes are available for download at the EMD Customer
Section: http://emdcustomersection.kontron.com.

7.4 Kontron BSP (Board Support Package)

The Kontron sAT30 Module is supported by Kontron BSPs (Board Support Package). The first SAT30 BSP targets Linux
support, available under Kontron part number 771-242-00. BSPs for other operating systems are planned. Check with
your Kontron contact for the latest BSPs.
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8

8.1

SMARC sAT30 Boot Brief

SMARCsAT30BootUp Sequence

The following steps define the SMARC sAT30 boot process at a high level:

1.

8.

9.

The power supplies on the module will be up and stable at the required voltage level after powering-on the
system.

System level hardware executes the power-up sequence. This sequence ends when system level hardware
releases SYS RESET N.

The boot ROM on the Tegra 3 SoC begins executing and programs the on-chip I/O controllers to access the
secondary boot device.

Secondary boot device will be selected based on the external boot device selection jumpers which are
provided onthe SMARC carrier board. Details are provided in the section 8.2 BOOT Selection.

The boot ROM on the Tegra 3 device fetches the Boot Configuration Table (BCT) and boot loader from the
secondary bootdevice.

Ifthe BCT and boot loader are fetched successfully, boot ROM on the Tegra 3 device yields to the boot loader.
(Otherwise, boot ROMonthe Tegra 3 device enters USBrecovery mode.)

Note: The SMARC sAT30 uses U-Boot boot loader.
The boot loader configures processor, memories and essential peripherals into known and usable state.
The boot loader then loads the kernel image and jump to kernel.

The kernel sets up the processor and all peripherals as per configuration.

10. Kernelstartsvarious kerneldaemonsand processes.

11. Finally kernel loads the file system and OS desktop.

Kontron has described the SMARC sAT30 boot sequence in the “Booting SMARC” white paper available in the EMD
Section (http://emdcustomersection.kontron.com). This is an interesting and insightful read. Kontron encourages
userstoreadthis documentandlearnhowtoenable the power ofthis architecture.
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8.2 BOOT Selection

SMARC sAT30 module can be booted from various devices or modules. The boot selection is done in the carrier
board. By default, module eMMC Flash isthe source.

Boot options supported by SMARC sAT30 are shown in the table below:

BOOT_SEL2# BOOT_SEL1# BOOT_SELO# Boot Source

FLOAT FLOAT GND Module eMMC Flash
FLOAT FLOAT FLOAT Module SPI

GND GND GND Carrier SATA

Caution! A BOOT_SELx# combination not contained in the table above is not valid. The SMARC sAT30 module will
default to boot from the module eMMC Flash if an invalid combination is selected.

The SMARC sAT30 boot selection is provided from the module CPLD as a 4bit selection to the NVIDIA Tegra T30 SoC.
The CPLD provides a 3bit selection from the carrier as shown in the table above. NAND_D [3:0] is allows pull up and pull
down in the module for optional boot select configuration.

m
F6 < NAND_DO K6 D11 BOOT_CPLD_SELO p123 2
NAND D1 @
T30 CPU G6 |« = J7 CPLD _ BOOT_CPLD_SEL1 oM
(U10) D3 |« NAND_D2 (U23) E11 [ P124 & =
_ NAND D3 |6 BOOT CPLD SEL2 Q
E4 |« L7 c11 P12s
Figure 17: Boot Selection Strap Implementation
NVIDIA T30 CPU CPLD Net Name
Pin # Pin Name Pin # Pin Name
F8 GMI_ADOO K6 10_K6 NAND_DO
G6 GMI_ADO1 J7 10_J7 NAND_D1
D3 GMI_AD02 J6 10_J6 NAND_D2
E4 GMI_AD03 L7 10_L7 NAND_D3
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Pin # Pin Name Pin # Pin Name

D11 I0_D11 P123 BOOT_SELO# BOOT_CPLD_SELO
El1l I0_E11 P124 BOOT_SEL1# BOOT_CPLD_SEL1
C11 10_C11 P125 BOOT_SEL2# BOOT_CPLD_SEL2
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9 SMARCsAT30Programming Methods

9.1 eMMCFlash & External SD Card Programming Using Force Recovery Method

The SMARC sAT30 module supports Force Recovery through the USBO port. This port is configured in client mode
while Force Recovery is enabled.

The following procedure is to be followed to configure the system into Force Recovery mode:

1. Hold the Reset & Force Recovery button for a few seconds. Both buttons are located in the SMARC
carrier.

2. Release the Reset button initially and later release the Force Recovery button.

3. Boot firmware will be downloaded to the SMARC sAT30 module iNAND Flash boot device using a flash
script provided by NVIDIA.

Boot firmware can be downloaded to the Module INAND Flash boot device from a Linux host system. A valid SMARC
SAT30 file set should be present on the host system. The file set will contain the BCT file, Boot loader, Kernel, root file
system and some demo applications. Refer to the Kontron EMD Website and download a valid BSP. A sAT30 BSP will
contain all files needed to flash the INAND device. Follow the instructions contained in the sTA30 BSP.

More details can be found in the “Linux for Tegra” documentation: http://developer.nvidia.com/mobile/linux-tegra.

9.2 SPIFlash Programming

[TBD. This feature is not yet supported]
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10 Appendix A: Major Components BOM

Description Ref MFG MPN Qty
IC CPUNVIDIA Tegra T30
FCBGAT28 u10 NVIDIA T30MQS-A3 1
IC PMU TPS6591104E BGA98 u7 TEXAS INSTRUMENTS TPS6591104EA2ZRCIR 1
IC LVDS TRANSMITTER
SN75LVDSS3B BGAS6 u25 TEXAS INSTRUMENTS SN75LVDS83BZQLR 1
IC SPI FLASH 64 Megabit

U16 MICROCHIP SST25VF064C-80-4C-Q2AE 1
SST25VF064C WSONS Q
IC eMMC FLASH 16GB SDIN5D2
TFBGAL69 u1s8 SANDISK SDIN5D2-16G-L 1
IC GbE (Springville) WGI210AT

u27 Intel WGI210AT 1
QFN64 nte
IC TEMP-SENSOR NCT72CMT uUs ONSEMICONDUCTOR NCT72CMTR2G 1
WDFN8
IC EEPROM 32Kbits AT24C32D
TSSOP8 U9 ATMEL AT24C32D-XHM-T 1
IC CPLD 5M240Z MBGA100 u23 ALTERA 5M240ZM100C5N 1
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11 Appendix B: Document Revision History

Revision Date Edited by  Changes

1.0 2012-09-27  SMilnor Initial Public Release

Corporate Offices

Europe, Middle East & Africa
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Germany

Tel.: +49 (0)8165/ 77 777
Fax: +49 (0)8165/ 77 219
info@kontron.com

North America

14118 Stowe Drive
Poway, CA 92064-7147
USA

Tel.: +1 888 294 4558
Fax:+1 858677 0898
info@us.kontron.com

Asia Pacific

17 Building Block #1, ABP.
188 Southern West 4th Ring
Beijing 100070, P.R.China
Tel.. +86 1063751188

Fax: + 86 10 83682438
info@kontron.cn
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