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Introduction

Welcome to the hardware design guide. The purpose of this guide is to walk hardware designers through
the various stages of designing a board on this platform. The guide follows the structure shown in
Figure 1. Each of the design stages in the time line link to a collection of useful documentation, application

notes, and design recommendations. Using this guide, hardware designers can efficiently locate the

resources they need at every step in the board design flow.

Figure 1. Hardware Design Time Line
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1 Constructing the Block Diagram

The first step in designing the hardware platform is to create a detailed block diagram. The block diagram
must contain all major system ICs and illustrate which 1/O ports are used for device interconnection.
Review the 66AK2Gx SoC block diagram in the data manual and identify which external interfaces are
needed. Match each of the system ICs with the interface to the SoC and include this connection in the
block diagram. The following is a collection of resources to aid in the block diagram creation process.

» The 66AK2Gx General Purpose EVM is always a good source to start building a reference design for
these devices. The 66AK2Gx EVM webpage includes all the technical documentation for the design.

» The links at the 66AK2G12 Product Folder provide block diagrams, application notes, tools, software,
design considerations, and other related information for various products under the Related End
Equipments category.

» Select from a list of complementary devices to attach to the 66 AK2Gx device in your system. 66AK2Gx
power management device: TPS65911

Code Composer Studio is a trademark of Texas Instruments.
Linux is a registered trademark of Linus Torvald.
Windows is a registered trademark of Microsoft Corporation.
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2 Selecting the Boot Mode

The block diagram must also indicate which interface is used for booting this device.
» These devices contain an on-chip ROM bootloader.
The boot config pins are sampled at power-on-reset.
Sets up system for boot depending on boot configuration selected
Depending on boot mode, the boot image is copied to internal RAM and then executed.
— The maximum size of the boot image is 896 kB if internal memory is used for the boot image.
» The following boot modes are supported:
— QSPI boot
— SPI boot
— GPMC boot using NAND or NOR flash
— UART boot
— I°C master or slave boot using an EEPROM or an external host
— Ethernet boot
— PCIE boot
— MMCSD boot using an embedded MMC (eMMC) or SD card
— USB 2.0 device mode boot

» If the first boot source fails to boot, the ROM moves on to the next one in the sequence. Some boot
sources take an extended period of time to time-out if that boot source is not available.

» Read the 66AK2Gx Technical Reference Manual initialization chapter to understand details on different
boot modes.

e Key boot considerations:

— Tl recommends including population options for other boot modes to aid in development. At a
minimum, an 1°C memory device allows the implementation of a two stage boot.

— Boot pins have other functions after reset, ensure your board design takes this into account when
choosing pullup and pulldown resistors for the boot pins.

— All pins used for boot configuration must have external pulling resistors. Do not rely on internal
pulling resistors for any of these pins.

3 Confirming Pin Multiplexing Compatibility

The 66AK2Gx device contains many peripheral interfaces. To reduce package costs while maintaining
maximum functionality, many of the 66AK2Gx terminals can multiplex up to five signal functions. Some
background about the 66AK2Gx pin multiplexing follows:

» Although many combinations of pin multiplexing are possible, only a certain number of sets, called I/O
sets, are valid due to timing limitations. These valid 1/O sets were carefully chosen to provide many
possible application scenarios for the user.

e To guarantee the I/O timings published in the 66AK2Gx Data Manual over the lifetime of the device,
the 66AK2Gx software must implement the proper pin configuration requirements. These requirements
impact software configuration of the following registers and are fully documented in the Pad
Configuration section of the 66 AK2Gx TRM.

— Pad configuration registers
e muxmode
e slew control
» buffer class
e and so on

TI developed a Windows® and Linux® compatible application called TI PinMux Tool that helps system
designers select the appropriate pin-multiplexing configuration for their 66 AK2Gx-based product
design. This tool lets users select valid I/O sets of specific peripheral interfaces, to ensure the pin-
multiplexing configuration selected for a design only uses valid 1/O sets supported by the 66AK2Gx.
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Confirming Electrical and Timing Compatibility

A key step in the hardware design before beginning schematic capture is to confirm both DC and AC
electrical compatibility between this device and the other ICs connected to it.

» The device data sheet has important information regarding timing and electrical characteristics.

» For high speed interfaces, users can run IBIS simulations using IBIS models provided for the 66AK2Gx
ABY NFBGA-N625 package (ABY Package IBIS) to confirm signal integrity.

» Using IBIS Models for Timing Analysis

NOTE: TI provides PCB layout specifications for the following interfaces, eliminating the need to
perform electrical analysis:

— DDR3L - see data sheet and the DDR3 Design Requirements for KeyStone Devices

— USB, HDMI, SATA, and PCle - see the High-Speed Interface Layout Guidelines
Application Report (SPRAARTE)

Designing the Power Subsystem

Once the block diagram has been validated for pin multiplexing, as well as electrical and timing
compatibility, the power subsystem can be designed.

Tl provides a power management IC (PMIC) solution for 66 AK2Gx designs: TPS659118

The PMIC is not required for 66 AK2Gx designs. A discrete power supply design can be implemented but it
must meet all of the voltage and current requirements specified by the 66AK2Gx data manual.

NOTE: The TPS659118 and TPS65911A PMICs require an external 32.768-KHz crystal. See the
following resources on estimating power consumption and designing a 66AK2Gx power
solution.

*  B66AK2Gx Power Consumption Summary: the 66AK2Gx power numbers discuss the power
consumption for common system application use scenarios for the 66AK2Gx KeyStone Processors.
Power consumption is highly dependent on the individual user’s application; however, this document
focuses on providing several 66AK2Gx application-use case scenarios and the environment settings
that were used to perform such power measurements.

» 66AK2Gx Power Estimation Tool: the power estimation tool (PET) provides users with the ability to
gain insight into the power consumption of select KeyStone processors. The tool allows the user to
choose multiple application scenarios and understand the power consumption for their specific
application. The data manual does not provide upper limits for the current needed by each rail. The
PET provides the limits needed for designing the power supply.

— TPS65911 (66AK2Gx Power Solution) Data Sheet
— TPS659118 User's Guide for 66 AK2G0x Processor
— TPS65911A User’'s Guide for 66 AK2G1x Processor

Designing the Clocking Subsystem

In addition to the power subsystem, the clocking subsystem must be designed to provide appropriate
clocks to all ICs in the system. These clocks can be created by pairing crystals with internal oscillators
within the system ICs or they can be created by a separate clock generator. The 66AK2Gx was designed
to simplify the clocking solution needed. All the clocks, with the exception of the PCIE reference clock, can
be generated internally from a single external crystal. Conversely, separate clock input pins are available
for customers that want an external clocking solution. See the following information on designing the
clocking subsystem for your design.

» Key considerations:

— The device operation requires the following clocks:

» A system clock provided by either a crystal or an external clock source is required for proper
operation.
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» A DDR reference clock which can be generated internally or from an external clock source.
» Optional clocks needed by the device include the following:

— An audio clock can be generated internally or provided by either a crystal or an external clock
source.

— The USB reference clock can be generated internally or provided by an external clock source.
— If the PCIE interface is used, an external 100 MHz reference clock must be provided.
» For more details, see the Clocking sections of the device data sheet and TRM.

7 Analyzing Thermal Management Requirements

The product design cycle must include thermal analysis and thermal management techniques to ensure
the operating junction temperature of the device is within functional limits. The values calculated by the
66AK2Gx PET and an understanding of the operation environment are required to determine a proper
thermal solution.

» Thermal Design Guide for KeyStone Devices
* 66AKGO02 Thermal Model

8 Floor Planning the PCB

Before beginning schematic capture, Tl recommends floor planning the system PCB to determine the
interconnect distances between the various system ICs. It is always best to determine the placement of
any high-speed interfaces. Devices using these interfaces must be positioned as close as possible to the
pins on the K2G SoC. Floor planning highlights any conflicts between the ideal placement of components
and the necessary position for the system.

9 Creating the Schematics
At this point in the design, it is time to start capturing the schematics. See the following collection of
information to aid in creating the schematics.
» Key considerations:
— Output clocks which are internally looped back
— Remember to install a JTAG connection
— JTAG: ensure to use the RTCK pin

» ltis often helpful to refer to example schematics throughout the schematic capture process. The
source for the 66AK2Gx General Purpose EVM can be used as a starting point for many schematic
designs.

» Ensure to use one of the recommended topologies in the data sheet for the DDR3L interface.

» For detailed information on USB, HDMI, SATA, and PCle board design, see the High-Speed Interface
Layout Guidelines Application Report (SPRAARTE)

« During and after schematic capture, check the design against the 66AK2Gx schematic checklist

» Plan to have an internal schematic review to go through the schematic checklist and inspect other key
areas of the schematic to look for inaccuracies, missing net connections, and so on.

Symbols, footprints, and simulation models to aid in the design of the device placement and interconnects
follow:

» Symbols and footprints generated by the Ultra Librarian Software

* Pin names and numbers available in the 66AK2Gx Data Manual

« BSDL Simulation Model

* IBIS Simulation Model

» General hardware design information: K2G BGA Escape Routing Design

» For selecting and placing decoupling capacitors in a BGA design:
Decoupling (Bypass) Capacitor Selection and Placement for BGAs
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10 Laying Out the PCB

After completing schematic capture, see the following information on laying out the PCB.

» It is often helpful to refer to an example layout when designing a custom PCB:
K2G General Purpose EVM

» Ensure to follow the layout specifications for the following critical interfaces:
— DDR3L - see data sheet
— USB, PCle — see the High-Speed Interface Layout Guidelines Application Report

» Plan to have an internal PCB layout review with your design team to verify that the net connection
traces and power distribution network were created correctly.

* General information articles:
— Understanding TI's PCB Routing Rule-Based DDR Timing Specification
— 66AK2Gx BGA Escape Routing
— 66AK2Gx General-Purpose EVM Power Distribution Network Analysis

11 Board Bring Up and Diagnostic
Once the custom PCB has been produced and assembled, refer to the following information on bringing
up and debugging the system.
e Overview of Debug and Trace Tools
e Code Composer Studio™

» Using BSDL to validate the 66 AK2Gx based board. Users can use 66AK2Gx BSDL files to validate the
connectivity on board build.

» Processor SDK RTOS Diagnostics
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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