William Taboada

Tl Designs: Verified Design
Reference Clock Generation for the 66 AK2EOX &
AM5K2EOx Design Guide

‘L'i TEXAS INSTRUMENTS

Tl Designs Circuit Description
TI Designs are example solutions created by TI's Two CDCM6208 Ultra Low Power, Low Jitter Clock
processor experts. Verified Designs offer the theory, Generators can be used to create all the reference
component selection, complete PCB schematic & clocks needed for a full implementation of the
layout and bill of materials of useful circuits. Circuit 66AK2EXx and AM5K2EOx SOCs. The circuit can be
modifications that help to meet alternate design goals easily modified to generate only the reference clocks
are also discussed. needed in a customer design.
Design Resources

n Ask The Processor Experts
K2EVM K2 EVM Information yd 11
66ak2e05 Product Folder ™ Ask the KeyStone Experts
66ak2e02 Product Folder EIOEI'IETEI.IHHY Y ®
amb5k2e04 Product Folder
amb5k2e02 Product Folder
CDCM6208 Product Folder

An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and
other important disclaimers and information.
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https://www.einfochips.com/index.php/partnerships/texas-instruments/k2e-evm.html
http://www.ti.com/product/66ak2e05
http://www.ti.com/product/66ak2e02
http://www.ti.com/product/am5k2e04
http://www.ti.com/product/am5k2e02
http://www.ti.com/product/CDCM6208
http://e2e.ti.com/
http://e2e.ti.com/support/dsp/c6000_multi-core_dsps/f/639.aspx
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1 Design Summary

The 66AK2EOx SOCs include inputs for three system reference clocks, six SerDes reference clocks and
the TSREFCLK for the synchronous Ethernet subsystem. A full implementation, similar to the XEVMK2EX,
would need a clock driver for each of these with multiple frequencies. Many of these clocks need to have
phase noise characteristics that meet or exceed the jitter requirements for the SerDes reference clocks.
This can be achieved using two Texas Instruments CDCM6208 low jitter clock generators.
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Figure 1: Full Clock Implementation for the XEVMK2EX

1.1 Introduction to the CDCM8208

The CDCM6208 has eight clock drivers that can be configured as LVDS, HCSL or LVCMOS. Four of the
outputs are connected to a fractional divider allowing for a wide range of frequency possibilities. The
remaining four outputs are connected to two integer dividers with each integer divider driving two clock
drivers’ outputs. These two drivers must be operated at the same frequency. One integer divider and two
fractional dividers are grouped and clocked by one of two predividers. The predividers are directly clocked
by the VCO. The CDCM6208 is available in two versions marked as V1 or V2. The V1 component has a
VCO centered on 2.5GHz and the V2 version has a VCO centered on 3.0GHz. The best jitter performance
is achieved when using an integer divider or a fractional divider in an integer mode.
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Figure 2: CDCM6208 Functional Block Diagram

1.2 Implementation

The XEVMK2EX was designed to as a flexible software development platform and all the clocks needed
by the part are provided. The CDCM6208 uses a 25MHz oscillator as an input source for clock generator
1. Output 4 from clock generator provides the source clock for the second generator. All the clocks used
by the 66AK2EOx SOC are generated with either integer dividers or with the integer portion of the
fractional divider to decrease the jitter on the output clocks. The clocks generated are shown below.

Table 1. Full Clock Implementation for the XEVMK2EX

Clock Name Output Frequency Clock Generator
Buffer
System Clocks
CORECLK Core PLL LVDS 100MHz CDCM6208 #1
DDRCLK DDR PLL LVDS 100MHz CDCM6208 #2
NETCPCLK NETCP PLL LVDS 100MHz CDCM6208 #1
Serdes Clocks
SGMIICLK SGMII Serdes PLL LVDS 156.25MHz CDCM6208 #1
XFICLK XFI Serdes PLL LVDS 156.25MHz CDCM6208 #1
PCIEOCLK PCIEO Serdes PLL LVDS 100MHz CDCM6208 #2
PCIE1CLK PCIE1 Serdes PLL LVDS 100MHz CDCM6208 #2
HYPLNKOCLK HyperLink Serdes PLL LVDS 312.5MHz CDCM6208 #2
USBCLK USBO and USB1 Serdes PLL LVDS 100MHz CDCM6208 #1
Other Clocks
TSREFECLK Synchronous Ethernet LVDS 100MHz CDCM6208 #2
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2 Configuration of the CDCM6208

The register values needed to program the CDCM6208 are generated using the CDCM6208 EVM Control
GUI. The GUI provides the ability to make changes to the clock frequencies generated and to program the
control register values. The XEVMK2EX uses the BMC microcontroller to program the register values into
the CDCM6208 after power is applied to the board. The CDCM6208 does not contain non-volatile registers
and must be programmed whenever power is applied or when a reset is received.

2.1

Configuration files

The config (.INI) files are provided for both clock generators as an example. These files may be opened in

the CDCM6208 EVM Control GUI found on Tl.com. A link to that software is show below.

http://www.ti.com/lit/zip/scac134

COCMB208 EVM Soft (v3.23) CDOMB208_1_Settings.
p ware (V. _1_Settings.ni
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Figure 3: CDCM6208 #1 Configuration GUI
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Figure 4: CDCM6208 #2 Configuration GUI
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3 PCB Design

The PCB, schematic and bill of materials can be found at the Tl Designs link for this design. Refer to the
documentation for the CDCM6208 for details on the placement and layout of the PCB for this part. This
design was implemented as part of the XEVMK2EX. The PCB file provided includes all the part associated
with the 66 AK2EOx EVM and not just the components shown in the schematic for this design.
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4.1

41.1

4.1.2

4.1.3

41.4

Modifications

Most customers will not need to provide all the clocks used on the XEVMK2EX. There are a number of
options that will allow the number of necessary clocks to be reduced. This section will highlight some of the
design considerations when using the CDCM6208.

Clock Reduction

There are a number of design decisions that may simplify the clock generation for a customer design. Here
are a few items to consider.

CORECLK and DDRCLK

CORECLK and DDRCLK will need separate output drivers connected to the SOC but often these two
clocks can used the same frequency. In this example both are configured as 100MHz. The CDCM6208
has two pairs of outputs that are driven by the same divider. If CORECLK and DDRCLK are using the
same frequency, consider using outputs YO & Y1 or Y2 & Y3.

NETCPCLK

The NETCP PLL can use either the NETCPCLK input or the CORECLK input as a reference based on the
NETCPCLKSEL configuration input. If the NETCP PLL can use the same frequency present on CORECLK
than the NETCPCLK pins can be tied to an unused state. This will reduce the number of system reference
clocks needed.

Unused Serdes

The SOC has six different serdes reference clocks. These clocks must be provided if the serdes is used in
your design but are not needed if the serdes interface is not connected. For example, if the customer
design uses only the SGMII, PCIEQO and USBO then only SGMIICLK, PCIEOCLK and USBCLK are needed.
Remember that it's best to generate serdes reference clock using an integer divide. Using the integer
portion of the fractional divider will also provide a more stable clock.

Pre-Scaler PS_A or P5_B FracDiv Pre Divider Integer Divider Fractional division
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030+

Reg 10.11:4
Reg 13.11:4
Aeg 16.11:4 3
Fleg 15.11:4 30

Fractional Divi-der (simplified)

Reg .40

Figure 5: CDCM6208 Fractional Divider

PCIEXCLK

If the PCIE interface is acting as an endpoint and is connected to a PCIE bus, a 100MHz reference clock
should be present on the bus connector. You can use that PCIE reference clock in place of an output from
the CDCM6208. The PCIE Electromechanical Specification requires that a PCIE root complex provide a
100MHz reference clock on the backplane. Often this clock is a spread-spectrum type to reduce EMI. If
spread-spectrum is present, it is required that the backplane clock be used for the PCIEXCLK input to the
SOC.
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4.2 Configuration

The CDCM6208 must be configured to provide the required frequencies. This example design uses a
microcontroller to program the configuration registers using the SPI interface. When the power is cycled or
a reset is applied to the device, the microcontroller must reprogram the control registers for proper
operation. The CDCM6208 also supports a pin mode. In this mode the values of the configuration registers
are determined based on the value of five configuration pins. This value will determine the configuration of
the device based on a lookup table within the CDCM®6208. If your clock configuration matches one of the
preset look-up values, the need for the microcontroller can be eliminated.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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