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AM389x / C6A816x Schematic Review Checklist

This page is currently under construction. The content of this page is due to change quite frequently and thus the quality and accuracy are
not guaranteed until this message has been removed. Please feel free to contribute to this page while construction is in progress.

Introduction
This article applies to the following devices:
• AM3894
• AM3892
• TMS320C6A8168
• TMS320C6A8167

General Recommendations
THIS SECTION IS TRANSCLUDED FROM HARDWARE DESIGN CHECKLIST. ONLY INFO
GENERIC TO ALL DEVICES BELONGS HERE SINCE IT APPEARS IN ALL SCHEMATIC
CHECKLISTS.

As you are creating the schematics for your project here are a few things to consider.

Before you begin

Documentation
Make sure you have the latest version of documentation, especially the data sheet and silicon errata.
TIP: Try searching the documentation for words such as: "must", "require", "do not", "shall", "note:", etc. Important
criteria for the device will typically contain one or more of these words. This is an easy way to make sure you have
not missed anything important.
TIP: - on each ti.com device product folder there is a button "Alert me about changes to this product". Registration
here will enable proactive automatic notification of device errata.

Pin out
• Have you verified that your pin labels correspond to the correct pin numbers?
• Have you verified that the power pins are connected to the correct supply rails?
• Pullups/Pulldowns: If opposing an internal resistor use 1k resistor. To complement use weaker value such as 4.7k

resistor.

Critical Connections

Decoupling Capacitors
Voltages from traces on a printed circuit board can couple to each other in places where it is not desired, (like power
supply planes). To decouple the traces, we add capacitors to absorb some of the voltage and help reduce this effect.
For more information on how to correctly place decoupling caps, see the data sheet section for power-supply
decoupling.

http://focus.ti.com/docs/prod/folders/print/am3894.html
http://focus.ti.com/docs/prod/folders/print/am3892.html
http://focus.ti.com/docs/prod/folders/print/tms320c6a8168.html
http://focus.ti.com/docs/prod/folders/print/tms320c6a8167.html
http://processors.wiki.ti.com/index.php?title=Hardware_Design_Checklist
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PLL and some analog supplies benefit from filters or ferrite beads to keep the noise from causing clock jitter. The
minimum recommendation is a ferrite bead with a resonance at 100 MHz along with at least one capacitor on the
device side of the bead. Additional recommendation is to add one capacitor just before the bead to form a Pi filter.
The filter needs to be as close as possible to the device pin, with the device side capacitor being the most important
thing to be close to the device pin. PLL pins close together can be combined on the same supply. PLL pins farther
away from each other may need their own filtered supply.
Refer to General Hardware Design/ BGA PCB Design/BGA Decoupling Wiki [1]

Power Sequencing
Are all requirements being met in terms of the order, delays, etc. of the power supplies?

Clocking
Make sure your input clock/crystal meets the data sheet requirements. For example:
• Frequency
• ESR for crystal
• Crystal and caps placed physically close to processor
• Double check proper voltage level for clock (some devices will use core voltage, others I/O voltage).
• If there are any PLL configuration pins make sure they are set such that the resulting frequency is within device

spec. Also, having alternate population options for those PLL pins could be handy.

Reset
Make sure that reset is kept asserted for the processor as the power supplies are ramping. You must not release the
processor from reset until all the proper voltage/clocking is in place as specified by the data sheet. Conversely make
sure that something on the board is actually RELEASING the reset once power and clocks are stable!
A useful tip is to place a 0.1uF cap near the reset pin to help avoid ESD-induced resets.
Also, you might want to have a reset button on your board as it can be helpful for development.

Boot modes
• Double check that the boot configuration pins are set to the correct option.
• It's highly recommended to have some population options to be able to easily change the reset mode. This can be

handy in a variety of circumstances. For example, if you were doing a NOR flash boot and you ever accidentally
put in some bad code you might end up in a scenario where you can't connect to the device with emulator because
it's in a bad state, and you can't reprogram the flash as a result! Having an alternate boot mode can be a life saver!

• CAUTION: Be careful if anything is hooked up to these pins (i.e. if the pins are have multiple uses such as GPIO
or other peripherals). You must make sure that the boot pins are at the proper levels when power-on reset occurs
such that the correct values are latched in order for the device to boot correctly!

http://processors.wiki.ti.com/index.php/General_hardware_design/BGA_PCB_design/BGA_decoupling
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Pin Muxing
Although pin muxing is frequently software configurable, often the initial configuration is dependent on several
configuration pins (e.g. are they high or low when reset is released). Make sure that the initial pin muxing
corresponds properly with your boot modes so that any interfaces necessary for boot will be available. On some
devices this could potentially be handled by the boot ROM, but to be certain you should configure the initial pin
muxing appropriately.

Peripherals

USB
• Check that there are no unnecessary USB_DM or USB_DP connections that would form stubs.
• Check that there is nothing on the DP/DM lines (except for possibly a USB 2.0 certified surge suppressor)
• Check that the USB PCB routing guidelines will be followed.
• USB supports hot insertion and removal so it is very vulnerable to ESD resulting from this. External ESD

protection like the Semtech RClamp0502B is recommended. Any USB 2.0 certified ESD protection chip is
acceptable as long as the USB PCB routing guidelines are followed.

DDR2 Routing Checklist
Each device contains very specific requirements for DDR2 routing in the data sheet. Those requirements must be
strictly adhered to. Here are some general tips. Although this is not a comprehensive list, it gives the main points of
the document in checklist form.
Stackup

• All layers with DDR2 routing have an adjacent ground plane
• No cuts in the ground plane under DDR2 routing
Placement

• DDR2 devices placed within maximum distances from DSP
• Non-DDR2 signals are kept outside the DDR2 keep out region
• 1.8V power plane covers entire DDR2 keep out region
Bypass Capacitors

• Each bypass capacitor has its own power and ground vias not shared with DSP or memory balls.
• Number and value of bypass capacitors used meets minimums required by spec
Topology

• CK and ADDR_CTRL net classes use balanced T topology
• Skew matching has been performed properly according to spec
• No trace length exceeds the longest Manhattan distance +50 mils (or whatever datasheet specifies) for each net

class
Other

• Make sure ODT pin on DDR2 device is grounded

http://www.ti.com/lit/pdf/spraar7
http://www.ti.com/lit/pdf/spraar7
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I2C
• ~5K pull ups on both lines (only one set, or two sets of 10K pull ups) are recommended
• Make sure all devices on a given I2C bus have unique addresses (often this is configurable through a pin to enable

multiple of the same device)

UART
This simple peripheral is frequently hooked up incorrectly. Make sure it's connected as follows:
• TX ---> RX

• RX <--- TX

Debug Considerations

JTAG/Emulation
This is something often done incorrectly which can severely impact your ability to develop code!
• Please follow these recommendations when designing your JTAG interface.
• You might also want to look at the article JTAG Connectors when deciding which header to put on the board.

Double-check the pin-out!

Signal Visibility
For debugging purposes you may need to look at a signal on an oscilloscope. Therefore you'll want to make sure you
can get access to the signals, particularly with BGA devices where it might otherwise be impossible. This can be
done by bringing a via all the way through the board or other times where a pullup/pulldown is needed you can probe
at the resistor. Having a GPIO brought to a test point or an LED can be useful as well.

Other

Voltage Level Changes
Can you change the supply voltage with some simple resistor changes? Sometimes a pin-for-pin compatible release
is made at a higher speed, sometimes requiring higher voltage and so having this flexibility on your board can save
you trouble later.

Signal Terminations
Careful attention should be paid to any notes in the data sheet regarding the correct termination of pins. In particular
make sure that termination instructions are exactly followed on reserved pins. Also, there are often pins that have
special significance at the time the device reset is released. Often these are documented with something like "do not
oppose this pin at reset" meaning that if there is an internal pullup or pulldown on that pin, you should not drive that
pin in the opposite direction at reset. This would include not putting an opposing pullup/pulldown and also making
sure that anything connected to that pin does not drive the pin opposite the intended direction.
For any unused pin you should pay attention to how it is terminated. Frequently pins will default to an input state and
if they are left floating they may pick up noise and toggle at a high frequency. This can cause significant unwanted
current consumption. Unused pins should be checked to see if they can be configured through software as outputs so
they are not floating. If there is an internal pull-up/down you should configure the level of the output (high/low) to
match the pull-up/down for lowest current consumption.

http://processors.wiki.ti.com/index.php?title=XDS_Target_Connection_Guide%23Target_Connection_Design
http://processors.wiki.ti.com/index.php?title=JTAG_Connectors


AM389x / C6A816x Schematic Review Checklist 5

References
This article began from spraa34 which was a design checklist for the DM642. It has been generalized a bit to make it
more applicable to all designs.

References
[1] http:/ / processors. wiki. ti. com/ index. php/ General_hardware_design/ BGA_PCB_design/ BGA_decoupling

http://www.ti.com/lit/pdf/spraa34
http://processors.wiki.ti.com/index.php/General_hardware_design/BGA_PCB_design/BGA_decoupling
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License
THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER
APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED.
BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS LICENSE MAY BE CONSIDERED TO BE
A CONTRACT, THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.
License
1. Definitions
1. "Adaptation" means a work based upon the Work, or upon the Work and other pre-existing works, such as a translation, adaptation, derivative work, arrangement of music or other alterations of a literary or artistic work, or

phonogram or performance and includes cinematographic adaptations or any other form in which the Work may be recast, transformed, or adapted including in any form recognizably derived from the original, except that a work
that constitutes a Collection will not be considered an Adaptation for the purpose of this License. For the avoidance of doubt, where the Work is a musical work, performance or phonogram, the synchronization of the Work in
timed-relation with a moving image ("synching") will be considered an Adaptation for the purpose of this License.

2. "Collection" means a collection of literary or artistic works, such as encyclopedias and anthologies, or performances, phonograms or broadcasts, or other works or subject matter other than works listed in Section 1(f) below,
which, by reason of the selection and arrangement of their contents, constitute intellectual creations, in which the Work is included in its entirety in unmodified form along with one or more other contributions, each constituting
separate and independent works in themselves, which together are assembled into a collective whole. A work that constitutes a Collection will not be considered an Adaptation (as defined below) for the purposes of this License.

3. "Creative Commons Compatible License" means a license that is listed at http:/ / creativecommons. org/ compatiblelicenses that has been approved by Creative Commons as being essentially equivalent to this License,
including, at a minimum, because that license: (i) contains terms that have the same purpose, meaning and effect as the License Elements of this License; and, (ii) explicitly permits the relicensing of adaptations of works made
available under that license under this License or a Creative Commons jurisdiction license with the same License Elements as this License.

4. "Distribute" means to make available to the public the original and copies of the Work or Adaptation, as appropriate, through sale or other transfer of ownership.
5. "License Elements" means the following high-level license attributes as selected by Licensor and indicated in the title of this License: Attribution, ShareAlike.
6. "Licensor" means the individual, individuals, entity or entities that offer(s) the Work under the terms of this License.
7. "Original Author" means, in the case of a literary or artistic work, the individual, individuals, entity or entities who created the Work or if no individual or entity can be identified, the publisher; and in addition (i) in the case of a

performance the actors, singers, musicians, dancers, and other persons who act, sing, deliver, declaim, play in, interpret or otherwise perform literary or artistic works or expressions of folklore; (ii) in the case of a phonogram the
producer being the person or legal entity who first fixes the sounds of a performance or other sounds; and, (iii) in the case of broadcasts, the organization that transmits the broadcast.

8. "Work" means the literary and/or artistic work offered under the terms of this License including without limitation any production in the literary, scientific and artistic domain, whatever may be the mode or form of its expression
including digital form, such as a book, pamphlet and other writing; a lecture, address, sermon or other work of the same nature; a dramatic or dramatico-musical work; a choreographic work or entertainment in dumb show; a
musical composition with or without words; a cinematographic work to which are assimilated works expressed by a process analogous to cinematography; a work of drawing, painting, architecture, sculpture, engraving or
lithography; a photographic work to which are assimilated works expressed by a process analogous to photography; a work of applied art; an illustration, map, plan, sketch or three-dimensional work relative to geography,
topography, architecture or science; a performance; a broadcast; a phonogram; a compilation of data to the extent it is protected as a copyrightable work; or a work performed by a variety or circus performer to the extent it is not
otherwise considered a literary or artistic work.

9. "You" means an individual or entity exercising rights under this License who has not previously violated the terms of this License with respect to the Work, or who has received express permission from the Licensor to exercise
rights under this License despite a previous violation.

10. "Publicly Perform" means to perform public recitations of the Work and to communicate to the public those public recitations, by any means or process, including by wire or wireless means or public digital performances; to
make available to the public Works in such a way that members of the public may access these Works from a place and at a place individually chosen by them; to perform the Work to the public by any means or process and the
communication to the public of the performances of the Work, including by public digital performance; to broadcast and rebroadcast the Work by any means including signs, sounds or images.

11. "Reproduce" means to make copies of the Work by any means including without limitation by sound or visual recordings and the right of fixation and reproducing fixations of the Work, including storage of a protected
performance or phonogram in digital form or other electronic medium.

2. Fair Dealing Rights
Nothing in this License is intended to reduce, limit, or restrict any uses free from copyright or rights arising from limitations or exceptions that are provided for in connection with the copyright protection under copyright law or other
applicable laws.
3. License Grant
Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated
below:
1. to Reproduce the Work, to incorporate the Work into one or more Collections, and to Reproduce the Work as incorporated in the Collections;
2. to create and Reproduce Adaptations provided that any such Adaptation, including any translation in any medium, takes reasonable steps to clearly label, demarcate or otherwise identify that changes were made to the original

Work. For example, a translation could be marked "The original work was translated from English to Spanish," or a modification could indicate "The original work has been modified.";
3. to Distribute and Publicly Perform the Work including as incorporated in Collections; and,
4. to Distribute and Publicly Perform Adaptations.
5. For the avoidance of doubt:

1. Non-waivable Compulsory License Schemes. In those jurisdictions in which the right to collect royalties through any statutory or compulsory licensing scheme cannot be waived, the Licensor reserves the exclusive right
to collect such royalties for any exercise by You of the rights granted under this License;

2. Waivable Compulsory License Schemes. In those jurisdictions in which the right to collect royalties through any statutory or compulsory licensing scheme can be waived, the Licensor waives the exclusive right to collect
such royalties for any exercise by You of the rights granted under this License; and,

3. Voluntary License Schemes. The Licensor waives the right to collect royalties, whether individually or, in the event that the Licensor is a member of a collecting society that administers voluntary licensing schemes, via
that society, from any exercise by You of the rights granted under this License.

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights include the right to make such modifications as are technically necessary to exercise the rights in other media and
formats. Subject to Section 8(f), all rights not expressly granted by Licensor are hereby reserved.
4. Restrictions
The license granted in Section 3 above is expressly made subject to and limited by the following restrictions:
1. You may Distribute or Publicly Perform the Work only under the terms of this License. You must include a copy of, or the Uniform Resource Identifier (URI) for, this License with every copy of the Work You Distribute or

Publicly Perform. You may not offer or impose any terms on the Work that restrict the terms of this License or the ability of the recipient of the Work to exercise the rights granted to that recipient under the terms of the License.
You may not sublicense the Work. You must keep intact all notices that refer to this License and to the disclaimer of warranties with every copy of the Work You Distribute or Publicly Perform. When You Distribute or Publicly
Perform the Work, You may not impose any effective technological measures on the Work that restrict the ability of a recipient of the Work from You to exercise the rights granted to that recipient under the terms of the License.
This Section 4(a) applies to the Work as incorporated in a Collection, but this does not require the Collection apart from the Work itself to be made subject to the terms of this License. If You create a Collection, upon notice from
any Licensor You must, to the extent practicable, remove from the Collection any credit as required by Section 4(c), as requested. If You create an Adaptation, upon notice from any Licensor You must, to the extent practicable,
remove from the Adaptation any credit as required by Section 4(c), as requested.

2. You may Distribute or Publicly Perform an Adaptation only under the terms of: (i) this License; (ii) a later version of this License with the same License Elements as this License; (iii) a Creative Commons jurisdiction license
(either this or a later license version) that contains the same License Elements as this License (e.g., Attribution-ShareAlike 3.0 US)); (iv) a Creative Commons Compatible License. If you license the Adaptation under one of the
licenses mentioned in (iv), you must comply with the terms of that license. If you license the Adaptation under the terms of any of the licenses mentioned in (i), (ii) or (iii) (the "Applicable License"), you must comply with the
terms of the Applicable License generally and the following provisions: (I) You must include a copy of, or the URI for, the Applicable License with every copy of each Adaptation You Distribute or Publicly Perform; (II) You
may not offer or impose any terms on the Adaptation that restrict the terms of the Applicable License or the ability of the recipient of the Adaptation to exercise the rights granted to that recipient under the terms of the Applicable
License; (III) You must keep intact all notices that refer to the Applicable License and to the disclaimer of warranties with every copy of the Work as included in the Adaptation You Distribute or Publicly Perform; (IV) when
You Distribute or Publicly Perform the Adaptation, You may not impose any effective technological measures on the Adaptation that restrict the ability of a recipient of the Adaptation from You to exercise the rights granted to
that recipient under the terms of the Applicable License. This Section 4(b) applies to the Adaptation as incorporated in a Collection, but this does not require the Collection apart from the Adaptation itself to be made subject to
the terms of the Applicable License.

3. If You Distribute, or Publicly Perform the Work or any Adaptations or Collections, You must, unless a request has been made pursuant to Section 4(a), keep intact all copyright notices for the Work and provide, reasonable to the
medium or means You are utilizing: (i) the name of the Original Author (or pseudonym, if applicable) if supplied, and/or if the Original Author and/or Licensor designate another party or parties (e.g., a sponsor institute,
publishing entity, journal) for attribution ("Attribution Parties") in Licensor's copyright notice, terms of service or by other reasonable means, the name of such party or parties; (ii) the title of the Work if supplied; (iii) to the
extent reasonably practicable, the URI, if any, that Licensor specifies to be associated with the Work, unless such URI does not refer to the copyright notice or licensing information for the Work; and (iv) , consistent with
Ssection 3(b), in the case of an Adaptation, a credit identifying the use of the Work in the Adaptation (e.g., "French translation of the Work by Original Author," or "Screenplay based on original Work by Original Author"). The
credit required by this Section 4(c) may be implemented in any reasonable manner; provided, however, that in the case of a Adaptation or Collection, at a minimum such credit will appear, if a credit for all contributing authors of
the Adaptation or Collection appears, then as part of these credits and in a manner at least as prominent as the credits for the other contributing authors. For the avoidance of doubt, You may only use the credit required by this
Section for the purpose of attribution in the manner set out above and, by exercising Your rights under this License, You may not implicitly or explicitly assert or imply any connection with, sponsorship or endorsement by the
Original Author, Licensor and/or Attribution Parties, as appropriate, of You or Your use of the Work, without the separate, express prior written permission of the Original Author, Licensor and/or Attribution Parties.

4. Except as otherwise agreed in writing by the Licensor or as may be otherwise permitted by applicable law, if You Reproduce, Distribute or Publicly Perform the Work either by itself or as part of any Adaptations or Collections,
You must not distort, mutilate, modify or take other derogatory action in relation to the Work which would be prejudicial to the Original Author's honor or reputation. Licensor agrees that in those jurisdictions (e.g. Japan), in
which any exercise of the right granted in Section 3(b) of this License (the right to make Adaptations) would be deemed to be a distortion, mutilation, modification or other derogatory action prejudicial to the Original Author's
honor and reputation, the Licensor will waive or not assert, as appropriate, this Section, to the fullest extent permitted by the applicable national law, to enable You to reasonably exercise Your right under Section 3(b) of this
License (right to make Adaptations) but not otherwise.

5. Representations, Warranties and Disclaimer
UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND CONCERNING
THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE,
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT
ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.
6. Limitation on Liability
EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE
OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
7. Termination
1. This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms of this License. Individuals or entities who have received Adaptations or Collections from You under this License,

however, will not have their licenses terminated provided such individuals or entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.
2. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under different

license terms or to stop distributing the Work at any time; provided, however that any such election will not serve to withdraw this License (or any other license that has been, or is required to be, granted under the terms of this
License), and this License will continue in full force and effect unless terminated as stated above.

8. Miscellaneous
1. Each time You Distribute or Publicly Perform the Work or a Collection, the Licensor offers to the recipient a license to the Work on the same terms and conditions as the license granted to You under this License.
2. Each time You Distribute or Publicly Perform an Adaptation, Licensor offers to the recipient a license to the original Work on the same terms and conditions as the license granted to You under this License.
3. If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or enforceability of the remainder of the terms of this License, and without further action by the parties to this

agreement, such provision shall be reformed to the minimum extent necessary to make such provision valid and enforceable.
4. No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or consent shall be in writing and signed by the party to be charged with such waiver or consent.
5. This License constitutes the entire agreement between the parties with respect to the Work licensed here. There are no understandings, agreements or representations with respect to the Work not specified here. Licensor shall not

be bound by any additional provisions that may appear in any communication from You. This License may not be modified without the mutual written agreement of the Licensor and You.
6. The rights granted under, and the subject matter referenced, in this License were drafted utilizing the terminology of the Berne Convention for the Protection of Literary and Artistic Works (as amended on September 28, 1979),

the Rome Convention of 1961, the WIPO Copyright Treaty of 1996, the WIPO Performances and Phonograms Treaty of 1996 and the Universal Copyright Convention (as revised on July 24, 1971). These rights and subject

http://creativecommons.org/compatiblelicenses
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matter take effect in the relevant jurisdiction in which the License terms are sought to be enforced according to the corresponding provisions of the implementation of those treaty provisions in the applicable national law. If the
standard suite of rights granted under applicable copyright law includes additional rights not granted under this License, such additional rights are deemed to be included in the License; this License is not intended to restrict the
license of any rights under applicable law.
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