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Output Clock Settings

There are four modes available for SS Mode:

• DOWN_LOW

• DOWN_HIGH

• CENTER_LOW

• CENTER_HIGH

Available Modulation Frequency range:

• 25 to 250 KHz

Spread Spectrum calculation details are described in Figure 7-5 and Figure 7-6.

X-Ref Target - Figure 7-4

Figure 7‐4: Output Clock Settings (Spread Spectrum Selected)
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Output Clock Settings

Note: Input_clock_frequency is in Hz unit. 

For spread:

• If (SS_Mode = CENTER_HIGH) :=> 

° spread (ps) = +/- [1/(Input_clock_frequncy*(M-0.125*4)/D/O) - 1/
(Input_clock_frequency*M/D/O)]

• If (SS_Mode = CENTER_LOW) :=> 

° spread (ps) = +/- [1/(Input_clock_frequncy*(M-0.125*4)/D/O) - 1/
(Input_clock_frequency*M/D/O)]

• If (SS_Mode = DOWN_HIGH) :=> 

° spread (ps) = + [1/(Input_clock_frequncy*(M-0.125*4)/D/O) - 1/
(Input_clock_frequency*M/D/O)]

• If (SS_Mode = DOWN_LOW) :=> 

X-Ref Target - Figure 7-5

Figure 7‐5: Spread Spectrum Mode (Center Spread)

X-Ref Target - Figure 7-6

Figure 7‐6: Spread Spectrum Mode (Down Spread)
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Output Clock Settings

° spread (ps) =   + [1/(Input_clock_frequncy*(M-0.125*4)/D/O) - 1/
(Input_clock_frequency*M/D/O)] 

Where M is CLKFBOUT_MULT_F, D is DIVCLK_DIVIDE, and O is respective CLKOUTx_DIVIDE.  

• For Modulation Frequency:

° O2 and O3 are calculated by the bitgen in implementation. Same calculation is done 
in the wizard to get actual modulation frequency value.

° Then based on what O2 and O3 is calculated, the actual modulation frequency is 
calculated: 

• If (SS_Mode = CENTER_HIGH or SS_Mode = CENTER_LOW) 
Actual_modulation_frequency (average) = (Input_clock_frequency*M/D) / (O2 * O3) / 16 

• If (SS_Mode = DOWN_HIGH)  Actual_modulation_frequency (average) = 0.5 * 
[((Input_clock_frequency*M/D) / (O2 * O3) / 8) + ((Input_clock_frequency*(M-0.5)/D) / 
(O2 * O3) / 8)] 

• If (SS_Mode = DOWN_LOW)  Actual_modulation_frequency (average) = 0.5 * 
[((Input_clock_frequency*M/D) / (O2 * O3) / 8) + ((Input_clock_frequency*(M-0.25)/D) / 
(O2 * O3) / 8)]

IMPORTANT: Actual modulation frequency may deviate within +/- 10% of the requested modulation 
frequency for some settings.

http://www.xilinx.com
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Feedback and I/O

Feedback and I/O
The third GUI screen (Figure 7-7) provides information to configure the rest of the clocking 
network. 

Selecting Optional Ports

All other optional ports that are not handled by selection of specif ic clocking features are 
listed under Optional Inputs/Outputs. Click to select the ports that you wish to make visible; 
inputs that are unused are tied off appropriately, and outputs that are unused are labeled as 
such in the provided source code.

Choosing Feedback

Feedback selection is only available when phase alignment is selected. When phase 
alignment is not selected, the output feedback is directly connected to the input feedback. 
For designs with phase alignment, choose automatic control on-chip if you want the 
feedback path to match the insertion delay for CLK_OUT1. You can also select 
user-controlled feedback if the feedback is in external code. If the path is completely on the 
FPGA, select on-chip; otherwise, select off-chip.

X-Ref Target - Figure 7-7

Figure 7‐7: Feedback and I/O Configuration Screen
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Primitive Overrides

For designs that require external feedback and related I/O logic, choose automatic control 
off-chip feedback. You can choose either single-ended or differential feedback in this mode. 
The wizard generates the core logic and logic required to route the feedback signals to the 
I/O. 

Primitive Overrides
One or more pages of device and primitive specif ic parameter overrides are displayed, as 
shown in Figure 7-8.

X-Ref Target - Figure 7-8

Figure 7‐8: Primitive Override Screen (Spread Spectrum Unselected) 
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Primitive Overrides

Overriding Calculated Parameters

The clocking wizard selects optimal settings for the parameters of the clocking primitive. 
You can override any of these calculated parameters if you wish. By selecting “Allow 
override mode,” the overridden values are used rather than the calculated values as 
primitive parameters. The wizard uses the settings as shown on this screen for any timing 
calculations, and any settings changed here are reflected in the summary pages. 

IMPORTANT: It is important to verify that the values you are choosing to override are correct because 
the wizard implements what you have chosen even if it causes issues with the generated network. 

Parameters listed are relevant for the physical clocks on the primitive, rather than the 
logical clocks created in the source code. For example, to modify the settings calculated for 
the highest priority CLK_OUT1, you actually need to modify CLKOUT0* parameters, and not 
the CLKOUT1* parameters for a MMCM or PLL.

TIP: For Virtex-6 FPGA designs, certain combinations of CLKIN frequency and DIVCLK_DIVIDE are not 
allowed when the BANDWIDTH chosen is HIGH. In such cases, the wizard automatically sets the 
BANDWIDTH to OPTIMIZED.

X-Ref Target - Figure 7-9

Figure 7‐9: Primitive Override Screen (Spread Spectrum Selected) 

http://www.xilinx.com


Clocking Wizard  v4.4  www.xilinx.com 60
PG065 December 18, 2012

Clock Summary (First Page)

User Provided Comment

The generated source code contains the input and output clock summaries shown in the 
next summary page (Figure 7-10). You can manually add an additional comment in the box 
at the bottom of the page. Use underscores in place of spaces. Bandwidth is always set to 
low for Spread Spectrum clocking.

Clock Summary (First Page)
The first summary page (Figure 7-10) displays summary information about the input and 
output clocks. This information is also provided as comments in the generated source code, 
and in the provided UCF.

 
X-Ref Target - Figure 7-10

Figure 7‐10: Clock Summary Screen (Spread Spectrum Unselected)
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Clock Summary (First Page)

 

Tspread is the actual spread as calculated in Configuring Output Clocks.

Input Clocking Summary

Information entered on the f irst page of the GUI (Figure 7-1) is shown for the input clocks.

Output Clocking Summary

Derived timing information for the output clocks is shown. If the chosen primitive has an 
oscillator, the VCO frequency is provided as reference. If you have a secondary input clock 
enabled, you can choose which clock is used to calculate the derived values.

Port Names

The Wizard allows you to name the ports according to your needs. If you want to name the 
HDL port for primary clock input, simply type the port name in the adjacent text box. The 
text boxes have the default names in them. In the case of Primary clock input the default 
name is CLK_IN1.

X-Ref Target - Figure 7-11

Figure 7‐11: Clock Summary Screen (Spread Spectrum Selected)
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Core Summary (Second Page)

IMPORTANT: Be careful. Changing the port names could result in syntax errors if the port name 
entered is any reserved word of VHDL or Verilog or if that signal is already declared in the module.

Core Summary (Second Page)
The second summary page (Figure 7-12) contains general summary information. 

Resource Estimate Summary

A resource estimate is provided based on the chosen clocking features.

XPower Estimator Summary

Input parameters to the Xpower tool are provided.

File Report Summary

A summary of created output f iles is provided. See Chapter 9, Detailed Example Design.

X-Ref Target - Figure 7-12

Figure 7‐12: Core Summary Screen
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Chapter 8

Constraining the Core

Required Constraints
At least one clock constraint is required for period and jitter.

NET "CLK_IN1" TNM_NET = "CLK_IN1";
TIMESPEC "TS_CLK_IN1" = PERIOD "CLK_IN1" 10 ns HIGH 50% INPUT_JITTER 200 ps;

Device, Package, and Speed Grade Selections
Supports all packages, speed grades and devices.

Clock Frequencies
See Maximum Frequencies in Chapter 2

Clock Management
The core can generate a maximum of seven output clocks with different frequencies.

Clock Placement
No clock placement constraint is provided. 

http://www.xilinx.com
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Banking

Banking
Bank selection is not provided in ucf f ile.

I/O Standard and Placement
No I/O or placement constraints are provided.

http://www.xilinx.com
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Chapter 9

Detailed Example Design
This chapter provides detailed information about the example design, including a 
description of f iles and the directory structure generated by the Xilinx® CORE Generator™ 
software, the purpose and contents of the provided scripts, the contents of the example 
HDL wrappers, and the operation of the demonstration test bench.

top directory link - white text invisible

<project directory>

Top-level project directory; name is user-defined

 <project directory>/<component name> 

Core release notes f ile

 <component name>/doc 

Product documentation 

 <component name>/example design

Verilog and VHDL design f iles

<component name>/implement

Implementation script f iles

 implement/results 

Results directory, created after implementation scripts are run, and contains 
implement script results

 <component name>/simulation

Simulation scripts

 simulation/functional

Functional simulation f iles

 simulation/timing

Timing simulation f iles

http://www.xilinx.com
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Directory and File Contents

Directory and File Contents
The clocking wizard core directories and their associated f iles are defined in the following 
sections.

<project directory> 

The <project directory> contains all the CORE Generator software project f iles. 

<project directory>/<component name>

The <component name> directory contains the readme file provided with the core, which 
can include last-minute changes and updates.

Table 9‐1: Project Directory 

Name Description

<project_dir>

<component_name>.v[hd] Verilog or VHDL source code. 

<component_name>.xco CORE Generator software project-specif ic option f ile; can be used 
as an input to the CORE Generator software.

<component_name>_flist.txt List of f iles delivered with the core.

<component_name>.{veo|vho} VHDL or Verilog instantiation template. 

<component_name>.ise Files used to incorporate the core into an ISE® software project.

Table 9‐2: Component Name Directory 

Name Description

<project_dir>/<component_name>

clocking_wizard_v3_5_readme.txt Clocking Wizard v3.5 readme file.

<component_name>.ucf Constraint f iles containing the timing parameters for the created 
clock network. The output clock constraints are commented out, 
but can be cut and pasted into constraint f iles for use in 
downstream modules.
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Directory and File Contents

<component name>/example design

The example design directory contains the example design f iles provided with the core.

<component name>/doc

The doc directory contains the PDF documentation provided with the core.

<component name>/implement

The implement directory contains the core implementation script f iles for ISE as well as 
PlanAhead™ software.

implement/results

The results directory is created by the implement script, after which the implement script results are placed 
in the results directory. 

Table 9‐3: Example Design Directory 

Name Description

<project_dir>/<component_name>/example_design

<component_name>_exdes.v[hd] Implementable Verilog or VHDL example design, with all created 
clocks driving a counter.

<component_name>_exdes.ucf Constraint f iles containing the timing
parameters for the example design clock network.

Table 9‐4: Doc Directory 

Name Description

<project_dir>/<component_name>/doc

pg065-clk-wiz.pdf Clocking Wizard v4.4 Product Guide

Table 9‐5: Implement Directory 

Name Description

<project_dir>/<component_name>/implement

Scripts and projects to implement the example design

Table 9‐6: Results Directory 

Name Description

<project_dir>/<component_name>/implement/results

Implement script result f iles. 
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Directory and File Contents

<component name>/simulation

The simulation directory contains the simulation test bench and environment for the example design.

simulation/functional

The functional directory contains functional simulation scripts.

simulation/timing

The timing directory contains timing simulation scripts.

Table 9‐7: Simulation Directory 

Name Description

<project_dir>/<component_name>/simulation

<component_name>_tb.v[hd] Demonstration test bench

Table 9‐8: Functional Directory

Name Description

<project_dir>/<component_name>/simulation/functional

Contains simulation scripts and waveform formats. 

Table 9‐9: Functional Directory

Name Description

<project_dir>/<component_name>/simulation/timing

Contains simulation scripts and waveform formats. 
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Implementation Scripts

Implementation Scripts
The implementation script is either a shell script or batch f ile that processes the example 
design through the Xilinx tool flow. It is located at:

LINUX

<project_dir>/<component_name>/implement/implement.sh
<project_dir>/<component_name>/implement/planAhead_rdn.sh

Windows

<project_dir>/<component_name>/implement/implement.bat

<project_dir>/component_name>/implement/planAhead_rdn.bat

The implement script performs these steps:

• Synthesizes the HDL example design f iles using XST or Synplicity Synplify Pro

• Runs NGDBuild to consolidate the core netlist and the example design netlist into the 
NGD file containing the entire design

• Maps the design to the target technology

• Place-and-routes the design on the target device

• Performs static timing analysis on the routed design using Timing Analyzer (TRCE)

• Generates a bitstream

• Enables Netgen to run on the routed design to generate a VHDL or Verilog netlist (as 
appropriate for the Design Entry project setting)

The Xilinx tool flow generates several output and report f iles. These are saved in the 
following directory which is created by the implement script:

<project_dir>/<component_name>/implement/results

http://www.xilinx.com
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Simulation Scripts

Simulation Scripts

Functional Simulation

The test scripts are a ModelSim, IES, VCS or ISim macro that automate the simulation of the 
test bench. They are available from this location: 

<project_dir>/<component_name>/simulation/functional/

The test scripts perform these tasks:

• Compiles the structural UNISIM simulation model

• Compiles HDL Example Design source code

• Compiles the demonstration test bench

• Starts a simulation of the test bench

• Opens a Wave window and adds signals of interest

• Runs the simulation to completion

Timing Simulation

The test scripts are a ModelSim, IES that automate the simulation of the test bench. They 
are available from this location:

<project_dir>/<component_name>/simulation/timing/

The test scripts perform these tasks:

• Compile the structural SIMPRIM simulation model

• Compile routed HDL Example Design

• Compile the demonstration test bench

• Start a simulation of the test bench

• Open a Wave window and adds signals of interest

• Run the simulation to completion
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Example Design

Example Design
The following files describe the example design for the Clocking Wizard core.

VHDL

<project_dir>/<component_name>/example_design/<component_name>_exdes.vhd

Verilog

<project_dir>/<component_name>/example_design/<component_name>_exdes.v

The top-level example designs adds clock buffers where appropriate to all of the input and 
output clocks. All generated clocks drive counters, and the high bits of each of the counters 
are routed to a pin. This allows the entire design to be synthesized and implemented in a 
target device to provide post place-and-route gate-level simulation.

Customizing the Example Design

The widths of the counter in the example design can be modified to make the counters 
wider or narrower. When the correct width is combined with the frequencies of the output 
clocks, this allows the high bits of the counters to be connected to a visible indicator, such 
as an LED. 
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Demonstration Test Bench

Demonstration Test Bench
X-Ref Target - Figure 9-1

The following files describe the demonstration test bench.

VHDL

<project_dir>/<component_name>/simulation/<component_name>_tb.vhd

Verilog

<project_dir>/<component_name>/simulation/<component_name>_tb.v

The demonstration test bench is a simple VHDL or Verilog program to exercise the example 
design and the core.

The demonstration test bench performs these tasks:

• Generates input clock signals

• Runs the clocking primitive through the locking procedure

• In the event that a secondary input clock is enabled, changes the input clock from the 
primary source to the secondary source

Figure 9‐1: Clocking Wizard Demonstration Test Bench and Example Design
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SECTION IV:  APPENDICES

Verification, Compliance, and Interoperability

Migrating

Debugging

Additional Resources
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Appendix A

Verification, Compliance, and 
Interoperability

Simulation
Verif ied with all the supported simulators.

Hardware Testing
Hardware testing is performed for all the features on Kintex-7 KC705 Evaluation Kit using 
the provided example design.
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Appendix B

Migrating
For information about migration from ISE Design Suite to Vivado Design Suite, see Vivado 
Design Suite Migration Methodology Guide (UG911) [Ref 1].

For a complete list of Vivado User and Methodology Guides, see the Vivado Design Suite - 
2012.3 User Guides web page.

This information is provided to assist those designers who are experienced with the DCM 
and PLL Architecture Wizards. It highlights the differences between the old and new cores.

Differences between the Clocking Wizard and 
the Legacy DCM and PLL Wizards
There are several changes to the GUI and the wizard use model as described in the 
following subsections.

Primitive Selection

The old wizard required you to choose the correct GUI (DCM or PLL) before configuring the 
desired primitive. 

The new wizard automatically selects the appropriate primitive and configures it based on 
desired parameters. You can choose to override this choice in the event that multiple 
primitives are available, as is the case for the Spartan®-6 device family.

Symbol Pin Activation

The old wizard had a symbol with clickable pins to enable a port. 

For the new wizard, the symbol shows the ports that are currently active. To enable a port, 
enable the appropriate feature in the GUI. For example, enabling the secondary input clock 
enables the CLK_IN2 and CLK_IN_SEL ports and activates those ports in the symbol.

http://www.xilinx.com
http://www.xilinx.com/cgi-bin/docs/rdoc?v=2012.3;t=vivado+userguides
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Differences between the Clocking Wizard and the Legacy DCM and PLL Wizards

Parameter Override

The new wizard allows you to override any calculated parameter within the wizard by 
switching to override mode.

Port Display Conventions

The new wizard displays the superset of ports covering all device families. Ports that are not 
available for the selected target device are dimmed out. For example, if a Virtex®-6 device 
is selected, the STATUS port is dimmed out because it is not available for devices in that 
family. Information on the legal ports for a specif ic primitive can be found in the device 
family-specif ic FPGA or clocking resources User Guide at www.xilinx.com/support/
documentation/index.htm.

Visibility of Clock Ports

The new wizard provides a clocking network that matches your requirements rather than 
making clock ports visible. As a result, your clock names will not match the exact names for 
the primitive. For example, while the “first” clock available for the Virtex-6 FPGA MMCM is 
CLKOUT0, the highest priority clock available to you is actually named CLK_OUT1. 

IMPORTANT: This change in numbering is especially important to consider if parameter overriding is 
desired.

GUI Information Gathering Order 

Some of the information-gathering ordering has changed. For the new wizard the general 
flow is: 

1. Select the clocking features.

2. Configure the input clock parameters.

3. Configure the output clock parameters.

4. Choose feedback and optional ports

5. View (and optionally override) calculated parameters.

6. Final summary pages.

For cascading clocking components, non-buffered input and output clocks are available for 
easy connection.

http://www.xilinx.com
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Appendix C

Debugging
This appendix includes details about resources available on the Xilinx Support website and 
debugging tools. In addition, this appendix provides a step-by-step debugging process and 
a flow diagram to guide you through debugging the Clocking Wizard core.

The following topics are included in this appendix:

• Finding Help on Xilinx.com

• Debug Tools

• Hardware Debug

Finding Help on Xilinx.com
To help in the design and debug process when using the Clocking Wizard core, the Xilinx 
Support web page (www.xilinx.com/support) contains key resources such as product 
documentation, release notes, answer records, information about known issues, and links 
for opening a Technical Support WebCase.

Documentation

This product guide is the main document associated with the Clocking Wizard core. This 
guide, along with documentation related to all products that aid in the design process, can 
be found on the Xilinx Support web page (www.xilinx.com/support) or by using the Xilinx 
Documentation Navigator.

Download the Xilinx Documentation Navigator from the Design Tools tab on the Downloads 
page (www.xilinx.com/download). For more information about this tool and the features 
available, open the online help after installation.

Release Notes

Known issues for all cores, including the Clocking Wizard core are described in the IP 
Release Notes Guide (XTP025). 

http://www.xilinx.com
www.xilinx.com/support
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Finding Help on Xilinx.com

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual 
property at all stages of the design cycle. Topics include design assistance, advisories, and 
troubleshooting tips. 

Known Issues

Answer Records include information about commonly encountered problems, helpful 
information on how to resolve these problems, and any known issues with a Xilinx product. 
Answer Records are created and maintained daily ensuring that users have access to the 
most accurate information available. 

Answer Records for this core are listed below, and can also be located by using the Search 
Support box on the main Xilinx support web page. To maximize your search results, use 
proper keywords such as 

• Product name

• Tool message(s)

• Summary of the issue encountered

A filter search is available after results are returned to further target the results.

Contacting Technical Support

Xilinx provides premier technical support for customers encountering issues that require 
additional assistance.

To contact Xilinx Technical Support:

1. Navigate to www.xilinx.com/support.

2. Open a WebCase by selecting the WebCase link located under Support Quick Links.

When opening a WebCase, include:

• Target FPGA including package and speed grade.

• All applicable Xilinx Design Tools and simulator software versions.

• Additional f iles based on the specif ic issue might also be required. See the relevant 
sections in this debug guide for guidelines about which f ile(s) to include with the 
WebCase.

http://www.xilinx.com
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Debug Tools

Debug Tools
There are many tools available to address Clocking Wizard core design issues. It is 
important to know which tools are useful for debugging various situations. 

Example Design

The Clocking Wizard core is delivered with an example design that can be synthesized, 
complete with functional test benches. Information about the example design can be found 
in Chapter 6, Detailed Example Design.

ChipScope Pro Tool

The ChipScope™ Pro debugging tool inserts logic analyzer, bus analyzer, and virtual I/O 
cores directly into your design. The ChipScope Pro debugging tool allows you to set trigger 
conditions to capture application and integrated block port signals in hardware. Captured 
signals can then be analyzed through the ChipScope Pro logic analyzer tool. For detailed 
information for using the ChipScope Pro debugging tool, see www.xilinx.com/tools/
cspro.htm.

Vivado Lab Tools

Vivado Lab Tools inserts logic analyzer, bus analyzer, and virtual I/O cores directly into your 
design. Vivado Lab Tools allows you to set trigger conditions to capture application and 
integrated block port signals in hardware. Captured signals can then be analyzed.

License Checkers

If the IP requires a license key, the key must be verif ied. The ISE and Vivado design tools 
have several license check points for gating licensed IP through the flow. If the license check 
succeeds, the IP can continue generation. Otherwise, generation halts with error. License 
checkpoints are enforced by the following tools:

• ISE design tools: XST, NgdBuild, Bitgen

• Vivado design tools: RDS, RDI, Bitgen

IMPORTANT: IP license level is ignored at checkpoints. The test confirms a valid license exists. It does 
not check IP license level.

http://www.xilinx.com
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Hardware Debug

Hardware Debug
Hardware issues can range from link bring-up to problems seen after hours of testing. This 
section provides debug steps for common issues. The ChipScope debugging tool is a 
valuable resource to use in hardware debug. The signal names mentioned in the following 
individual sections can be probed using the ChipScope debugging tool for debugging the 
specific problems.

Many of these common issues can also be applied to debugging design simulations. Details 
are provided on:

• General Checks

General Checks

Ensure that all the timing constraints for the core were properly incorporated from the 
example design and that all constraints were met during implementation. 

• Does it work in post-place and route timing simulation? If problems are seen in 
hardware but not in timing simulation, this could indicate a PCB issue. Ensure that all 
clock sources are active and clean. 

• If using MMCMs in the design, ensure that all MMCMs have obtained lock by 
monitoring the LOCKED port. 

• If your outputs go to 0, check your licensing.

http://www.xilinx.com
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Appendix D

Additional Resources

Xilinx Resources
For support resources such as Answers, Documentation, Downloads, and Forums, see the 
Xilinx Support website at:

www.xilinx.com/support.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm.

References
These documents provide supplemental material useful with this user guide:

1. Vivado Design Suite Migration Methodology Guide (UG911)

2. Virtex-6 FPGA Clocking Resources User Guide (UG326)

Technical Support
Xilinx provides technical support at www.xilinx.com/support for this LogiCORE™ IP product 
when used as described in the product documentation. Xilinx cannot guarantee timing, 
functionality, or support of product if implemented in devices that are not defined in the 
documentation, if customized beyond that allowed in the product documentation, or if 
changes are made to any section of the design labeled DO NOT MODIFY.

See the IDS Embedded Edition Derivative Device Support web page (www.xilinx.com/ise/
embedded/ddsupport.htm) for a complete list of supported derivative devices for this core.

See the IP Release Notes Guide (XTP025) for more information on this core. For each core, 
there is a master Answer Record that contains the Release Notes and Known Issues list for 
the core being used. The following information is listed for each version of the core:

http://www.xilinx.com/company/terms.htm
http://www.xilinx.com/support
http://www.xilinx.com/support
http://www.xilinx.com/support/documentation/ip_documentation/xtp025.pdf
http://www.xilinx.com/ise/embedded/ddsupport.htm
http://www.xilinx.com/ise/embedded/ddsupport.htm
http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug362.pdf
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Revision History

• New Features

• Resolved Issues

• Known Issues

Revision History
The following table shows the revision history for this document.
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