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Revision History

The following table shows the revision history for this document.

Date Version Changes

10/14/2015 20153 Validated for 2015.3 release.
Updated figures to reflect release.
Added a tip to Step 2: Compiling the Reference Design regarding saving

implementation results.

06/24/2015 2015.2 Validated for 2015.2 release.

04/01/2015 2015.1 Updated version data to the current release.
Revised tutorial steps to reflect 2015.1 tool behaviors.
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Implementation Tutorial

i} IMPORTANT: This tutorial requires the use of the Kintex®-7 family of devices. You will
need to update your Vivado tools installation if you do not have this device family installed.
Refer to the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing
(UG973) for more information on Adding Design Tools or Devices.

Overview

This tutorial includes three labs that demonstrate different features of the Xilinx® Vivado® Design Suite
implementation tool:

. Lab 1 demonstrates using implementation strategies to meet different design objectives.

. Lab 2 demonstrates the use of the incremental compile feature to quickly make small design changes
to a placed and routed design.

. Lab 3 demonstrates the use of manual placement and routing, and duplicated routing, to fine-tune
the timing on the design.

Vivado implementation includes all steps necessary to place and route the netlist onto the FPGA device
resources, while meeting the logical, physical, and timing constraints of a design.

=

EI VIDEO: You can also learn more about implementing the design by viewing quick take
video: Implementing the Design.

TRAINING: Xilinx provides training courses that can help you learn more about the
concepts presented in this document. Use these links to explore related courses:

. Essentials of FPGA Design

2

. Vivado Static Timing Analysis Design Constraints

. Vivado Advanced Tools and Techniques
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Tutorial Design Description

The design used for Lab #1 is the CPU Netlist example design, project cpu netlist kintex7, provided
with the Vivado Design Suite installation. This design uses a top-level EDIF netlist source file, and an XDC
constraints file.

The design used for Lab #2 and Lab #3 is the BFT Core example design, project bft kintex7. This design
includes both Verilog and VHDL RTL files, as well as an XDC constraints file.

Both the CPU Netlist and BFT Core designs target an XC7K70T device. Running the tutorial with small designs
allows for minimal hardware requirements and enables timely completion of the tutorial, as well as minimizing
data size.

Hardware and Software Requirements

This tutorial requires that the 2015.3 Vivado Design Suite software release or later is installed.

Refer to the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973) for a complete
list and description of the system and software requirements.

Preparing the Tutorial Design Files

You can find the files for this tutorial in the Vivado Design Suite examples directory at the following location:

<Vivado install area>/Vivado/<version>/examples/Vivado Tutorial

You can also extract the provided zip file, at any time, to write the tutorial files to your local directory, or to
restore the files to their starting condition.

Extract the zip file contents from the software installation into any write-accessible location.

<Vivado install area>/Vivado/<version>/examples/Vivado Tutorial.zip
The extracted Vivado Tutorial directory is referred to as the <Extract Dir> in this tutorial.

Note: You will modify the tutorial design data while working through this tutorial. You should use a new
copy of the original Vivado Tutorial directory each time you start this tutorial.
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Lab 1: Using Implementation Strategies

Introduction

In this lab, you will learn how to use implementation strategies with design runs by creating multiple
implementation runs employing different strategies, and comparing the results. You will use the CPU Netlist
example design that is included in the Vivado® IDE.

Step 1: Opening the Example Project

1. Open the Vivado IDE.
On Linux:

a. Change to the directory where the lab materials are stored:

cd <Extract Dir>/Vivado Tutorial
b. Launch the Vivado IDE: vivado
On Windows:
a. Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2015.x > Vivado 2015.x

Note: Your Vivado Design Suite installation might be called something other than Xilinx Design Tools
on the Start menu.

Note: As an alternative, click the Vivado 2015.x Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page contains links to open or create projects and to view
documentation.
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b. From the Getting Started page, click Open Example Project.

Quick Start
Create Mew Project Open Project Open Example Project
Tasks

& &

Manage IP Open Hardware Manager Xilinx Tel Store

Figure 1: Open Example Design

2. Click Next in the Open Example Project screen.

¢ Open Example Project @
Create an Example Project

V|\ADO' This wizard will guide you through the creation of a new Vivado project from a predefined template.

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of template project you would like to create and choose a default board.

XILINX

ALL PROGRAMMABLE.

To continue, click Next.

Figure 2: Open Example Project, Create an Example Project Screen
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3. In the Select Example Project screen, choose the CPU (Synthesized) project and click Next.

¢ Open Example Project ’ 3

Select Project Template
Select one of the below predefined templates on which to base your new project ’

Templates Description

Base MicroBlaze CPU (Synthesized)
Base Zynq

BFT

Configurable Microblaze Design
CPU (HDL)

Wavegen (HDL

Large synthesized netlist project

< Back ” Next > ] Finish

Figure 3: Open Example Project, Select Example Project Screen
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4. In the Project Name screen, specify the following:
o Project name: project_cpu_netlist
o Project location: <Project Dir>

5. Click Next.

¢~ Open Example Project @
Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘

Eroject name: prnject_cpu_netlisﬂ
Project location: | C:/Data/Vivado_Tutorial D
| Create project subdirectory

Project will be created at: C:/Data/Vivado_Tutorial/project_cpu_netlist

= Back H Next = Finish Cancel

Figure 4: Project Name Screen
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6. In the Default Part screen, select the xc7k70tfbg676-2 part and click Next.
¢~ Open Example Project @
Default Part
Choose a default Xilinx part for your project. This can be changed later. ‘
I/O Fin Available  LUT ! Block Gh GTXE2
Fart Count I0Bs Elements RS RAMs DSPs Transceivers Transceivers
£ Xc7k70tba676-2 676 300 ls000  [s2000 [135 a0 8 8 |
'y 11 =]
| <Back |i Next> | FEinish
Figure 5: Default Part Screen
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7. A summary page appears, allowing you to review project details. Click Finish to return to the Vivado IDE.

¢~ Open Example Project @

New Project Summary
VIVADO'
8 () A new project named 'praject_cpu_netlist' will be created from the 'CPU (Synthesized)' template.

@ The default part and product family for the new project:
Default Part: xc7k70tfbg676-2
Product: Kintex-7
Family: Kintex-7
Package: fbg676
Speed Grade: -2

XILINX

ALL PROGRAMMABLE.

To create the project, click Finish

Figure 6: New Project Summary Screen
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The Vivado IDE displays the default view of the opened project, as shown in the following figure.

P 5
Flow Navigator “

QT o
QA=

4 Project Manager
4% Project Settings
&% Add Sources

4 Smulation
5 Simulation Settings
(il Run Simulation

4 Netiist Analysis

> [ Open Synthesized Design

4 Implementation
5 Implementation Settings
[» Run Implementation

> @ Open Implemented Design

4 Program and Debug
4% Bitstream Settings
] Generate Bitstream
> f@% Open Hardware Manager

4. project_cpu_nelist - [C:/Data/Vivado_Tutorial/project_cpu_nelist/project_cpu_nelistxpr] - Vivado
Fle Edt Flow Tools Window Layout View Help

X[ b W6 K| L @ |Sefutlayout AT

Project Manager - project_cpu_nelist
Sources. —Owx

Q 5 e
e

gkl 1B

=1 Design Sources (1
=7 EDTF (1

R Loz cdf (o)

constrs_2 (1
* 13 top_fullxde
Simulation-Only Sources (1
= sim_ (1
E1- Verilog (1)
=5+l xi_defaultib (1
@ cpu_thuy

Libraries | Compile Order

& Sources | © Templates
Source File Properties —og x
LES

o top.edif

C:/Data/Vivade_Tutorialfproject_cpu_nelist/project |

Type: EDIF =

Size: 44,823.6KB

Madified:  Monday 03/24/1402:12:30 PM

Copiedto:  C:/Data/Vivado_Tutorial/project_cpu_nelistjproject_
Copied from: C: XilinxNivadof2014. 1fexamples Nivado_Tutorial/S:
Thursday D5/09/13 03: 17:48 PM

Location:

Copied on:

M e
< I (=

[ o]

&) Ready
X
£ Project Summary x [mER
=
| Project Settings Edit 2
=
| Project name: project_cpu_nelist
Product family:  Kintex-7
Project part: XA 6762
Top module name: top
Implementation S
Status: = Mot started
Messages: Mo errors or warnings
Part: XCTKIOtGET6-2
Strategy: Vivado Implementation Defaults
Constraints: constrs 2
Incremental Compile: None
DRC Violations & Timing S

DRC information is not avaiable because it hasn't been run

utilization S

Utilization information is not available because it hasn't been run

General | Properties

Timing information is not avalable because it hasn't been run

Power S

Power information is not avaiable because it hasn't been run

Design Runs 0w x

A, | Name Part Constraints  Strategy Status Progress Start

| b impl_t XCTKT0tfbg676-2 constrs 2 Vivado Implementation Defaults (Vivado Implementation 2014) Not started 0%

cag

=

e ¢ r
/& Td Console | (9 Messages | [ Log | % Reports-, J» Design Runs

Figure 7: Project Summary Window

Step 2: Creating Additional Implementation Runs

The project contains previously defined implementation runs as seen in the Design Runs window of the Vivado
IDE. You will create new implementation runs and change the implementation strategies used by these new

runs.

1. From the main menu, select Flow > Create Runs.

The Create New Runs wizard opens.

2. Click Next to open the Configure Implementation Runs screen.

The screen appears with a new implementation run defined. You can configure this run and add other

runs as well.

3. In the Strategy drop-down menu, select Performance_Explore as the strategy for the run.

4. In the lower-left of the screen, click More twice to create two additional runs.

5. Select Flow_RunPhysOpt as the Strategy for the impl_3 run.
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6. Select Flow_RuntimeOptimized as the Strategy for the impl_4 run.

The Configure Implementation Runs screen now displays three new implementations along with the

strategy you selected for each, as shown in the below figure.

é}_:. Create Mew Runs

Create Implementation Runs

Configure Implementation Runs

Create and configure one or mare implementation runs using various parts, constraints, flows and strategies

)

/

Name Constraints Set

impl_2 =i constrs_2 (activ
impl_3 =i constrs_2 (activ
impl_4 =i constrs_2 (activ

-

-

-

| xcTTOtbgE76-2 =

Strategy
& xcTkT0tfbas76-2 w | & Performance_Explore (Vivado Implementation 2014)
& xcTkT0tfbas76-2 w | & Flow_RunPhysOpt (Vivado Implementation 2014)

Make Active
- B
@
@

4

4

- 5 Performance_ExploreSLLs
-ty Performance_Retiming

- 5 Area_Explore

- g Power_DefaultOpt

- 3 Flow_RunPhysOpt

- f3 Flow_RunPostRoutePhysOpt
%

- i Flow_Quick

- fi3 Congestion_SpreadLogic_high
- fi3 Congestion_SpreadLogic_medium
- fi3 Congestion_SpreadLogic_low
ﬁa Congestion_SpreadLogicSLLs

- fi3 Congestion_BalanceSLLs
ﬁa Congestion_BalanceSLRs
ﬁa Congestion_CompressSLRs

m

- Runs to create: 3

Cancel

Figure 8: Configure Implementation Runs

7. Click Next to open the Launch Options screen.

8. Select Do not launch now, and click Next to view the Create New Runs Summary.

9. In the Create New Runs Summary page, click Finish.
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Step 3: Analyzing Implementation Results

1. In the Design Runs window, select all the implementation runs.

Design Runs —_ O 2 =
C\ MName Part Constraints Strategy Status Progress Start

Vivado Implementation Defaults (Vivado Implemen... |Not started
w7k 70ttbge7e-2 strs_2 Performance_Explore (Vivado Implementation 2014) Mot started
(70tfbas 76-2 strs_2 Flow_RunPhysOpt (Vivado Implementation 2014) Mot started

Flow_RuntimeOptimized (Vivado Implementation 2014) Mot started

< i 3

Figure 9: Design Runs Window

2. On the sidebar menu, click the Launch Selected Runs button 3.

3. In the Launch Selected Runs dialog box, select Launch runs on local host and Number of jobs: 2, as
shown below.

-

#L Launch Selected Runs @
Launch directory: |6=_| <Default Launch Directory> - |

Options
@) Launch runs on local host:  Number ofjobs:

(") Generate scripts only

Runs to Launch: 4
= impl_1
~= impl_2
= impl_3
Lo iI’T'Ip|_4

[ ok |[ cancel |

Figure 10: Launch Selected Runs
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4. Click OK.

Two runs launch simultaneously, with the remaining runs going into a queue.

—oe X

Constraints Strategy Status Progress 5

Vivado Implementation Defaults (Vivado Implemen... |Running opt_design... | m— 1.

_ s m— 1Y
constrs_2 | —
..... ; iy

4 n 3

Td Console LD Messages LEQ Log @ Reportk\ 3> Design Runs ]

Figure 11: Two Implementation Runs in Progress

When the active run, impl 1, completes, examine the Project Summary. The Project Summary reflects
the status and the results of the active run. When the active run (impl 1) is complete, the
Implementation Completed dialog box opens.

5. Click Cancel to close the dialog box.

Note: The implementation utilization results display as a bar graph at the bottom of the summary page
(you might need to scroll down), as shown in the following figure.

»»

Utilization

FF 1906
LT A 49%
Memory LUT q 1%
/O 32%
BRAM 1 81%
D5P48 1 28%
BUFG 1 38%
MMCI A 17%
GT 80%

0 25 50 75 100
LUtilization (96)

Graph Table

Figure 12: Post-Implementation Utilization
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6. When all the implementation runs are complete, right click the impl_3 run in the Design Runs window,
and select Make Active from the popup menu.

The Project Summary now displays the status and results of the new active run, impl_3.

Design Runs — 0O 2 x

A | Name Strategy Status Progress Elapsed WHNS TNS WHS THS TPWS Description

Z +of impl_1 Vivado Implementation Defaults (Vi... route_design Complete! e 100% 00:03:18 0.13  0.00 0.05 0.00 0.00 Vivado Implementation Defaulty

=] \f impl_2. Performance_Explore {(Vivado Impl... route_design Complete! e 100%  00:08:59 0,13  0.00 0.05  0.00 0.00 Uses multiple algorithms for o..

. impl_3 (active) [Flow_RunPhysOpt (Vivado Im... |route_design Complete! | l!lfl:::ll D:08 Erliarlnlhel.mplemen

§> ---- + impl_4 Flow_RuntimeOptimized (Vivado Im... route_design Complete! 0 100% 00:07:32 0.80 0.00 0.06 0.00 0.00 Each implementation step tra..
4 [ r

/5 Td Console | (— Messages | [ Log | |2 Reports, 3> Design Runs

Figure 13: Compare Implementation Results

7. Compare the results for the completed runs in the Design Runs window, as shown in Figure 13.

o The Flow_RuntimeOptimized strategy in impl_4 completed in the least amount of time, as you can
see in the Elapsed time column.

o The WNS column shows that all runs met the timing requirements.

Step 4: Tightening Timing Requirements

To examine the impact of the Performance_Explore strategy on meeting timing, you will change the timing
constraints to make timing closure more challenging.

1. Inthe Sources window, double-click the top full.xdc file in the constrs 2 constraint set.

The constraints file opens in the Vivado IDE text editor.

¥ Project Summary X | {5 top_fullxde X O
Ep C:/Data/project_cpu_netistfproject_cpu_netlist.sres/constrs_2fimports/Sources/top_full. xdc

M
b

14 Define the top level system clock of the desi -
L 2create clock -pericd 10 -name sysClk [get ] ports sys{.'lk]
o 3 B ‘
e.%&, 4 § Define the clocks for the GIX blocks
Screate clock -name gtl_txusrclk i -pericd 12.2 [get pins mgtEngine/ROCEETIO_WRI
"=j & create clock -name gt2_txusrclk 1 -pericd 12.8 [get pins mgtEngine/ROCEETIO_WRI
ﬁ—j Tcreate clock -neme gtd_txusrclk i -pericd 12.8 [get pins mgtEngine/ROCKETIC WRI
b 4 Zcreate clock -name gté_txusrclk i -pericd 12.8 [get pins mgtEngine/ROCKETIC WRI

T g

m

Figure 14: top_full.xdc File
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2. Online 2, change the period of the create clock constraint from 10 nsto 7.45 ns.
The new constraint should read as follows:
create clock -period 7.45 -name sysClk [get ports sysClk]
. . ) I'I . . .
3. Save the changes by clicking the Save File =8 button in the sidebar menu of the text editor.

Note: Saving the constraints file changes the status of all runs using that constraints file from “Complete”
to "Out-of-date,” as seen in the Design Runs window.

Design Runs — 0O X

‘-'\ Mame Strategy Status Progress Elapsed WHNS TMS WHS THS TPWS Description

:ZJ il impl_ Vivado Implementation Defaults (Vi... Implementation Out-of-date e 100%  00:08:18 0.13  0.00 0.05  0.00 0.00 Vivado Implementation De

== i Performance_Explore (Vivado Impl... Implementation Out-of-date ] 100%  00:08:59 0.13  0.00 0.05  0.00 0.00 Uses multiple algorithms fo

3 ctive) Flow_RunPhysOpt (Vivado Im... Implementation Out-of-date 0 100% ©00:08:25 0.13 0.00 0.05 0.00 0.00 Similar to the Impleme

Flow_RuntimeOptimized {Vivado Im... Implementation Out-of-date e 100%  00:07:32 0.80  0.00 0.06  0.00 0.00 Each implementation step

4 mn 3
5 Td Console | ) Messages | i Log | [ Reports, 3» Design Runs

Figure 15: Implementation Runs Out-of-Date

4. 1In the Design Runs window, select all runs and click the Reset Runs 4 button.

5. In the Reset Runs dialog box, enable the Delete the generated files in the working directory checkbox
and click Reset.

This checkbox directs the Vivado Design Suite to remove all files associated with the selected runs from
the project directory. The status of all runs changes from “Out-of-date” to “Not started.”

6. With all runs selected in the Design Runs window, click the Launch Selected Runs g button.
The Launch Selected Runs window opens.
7. Select Launch runs on local host and Number of jobs: 2 and click OK.
When the active run (impl 3) completes, the Implementation Completed dialog box opens.
8. Click Cancel to close the dialog box.
9. Compare the Elapsed time for each run in the Design Runs window, as seen in Figure 16.

o Notice that the impl 2 run, using the Performance_Explore strategy has passed timing with
positive slack (WNS), but also took the most time to complete.

o Only one other run passed timing, but with less positive slack.
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Design Runs —Ouwe =
P =1
A | Name Strategy Status Progress Elapsed WNS NS WHS  THS  TPWS
E i impl_1 Vivado Implementation Defaults {Vivado Implementation ... route_design Complete, Falled Timing! Sl 100% 00:10:21  -0.16 -1.22 0.04  0.00 0.00
=] + impl_2 Performance_Explore (Vivado Implementation 2014) route_design Complete! ] 100%,: 00:16:48 0.09  0.00 0.04  0.00 0.00
4 « impl_3 (zctive) Flow_RunPhysOpt (Vivado Implementation 2014) route_design G I 100% 00:15:39 013 0.00 003 0.00 0.00

“ni impl_4 Flow_RuntimeOptimized (Vivado Implementation 2014) route_design Complete, Failed Timing! [l 100%: 00:07:54 -1.31 -255... 0.03  0.00 0.00
14
b
4
H
«
&

IE I +

2 Td Console | (& Messages | G Log | (£ Reports. 3 Design Runs

Figure 16: Implementation Results

RECOMMENDED: Reserve the Performance_Explore strategy for designs that have
challenging timing constraints. When timing is easily met, the Performance_Explore
strategy increases implementation times while providing no timing benefit.

Conclusion

In this lab, you learned how to define multiple implementation runs to employ different strategies to resolve
timing. You have seen how some strategies trade performance for results, and learned how to use those
strategies in a more challenging design.

This concludes Lab #1. If you plan to continue directly to Lab #2, keep the Vivado IDE open and close the
current project. If you do not plan to continue, you can exit the Vivado Design Suite.
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Lab 2: Using Incremental Compile

Introduction

Incremental Compile is an advanced design flow to use on designs that are nearing completion, where small
changes are required.

After resynthesizing a design with minor changes, the incremental compile flow can speed up placement and
routing by reusing results from a prior design iteration. This can help you preserve timing closure while
allowing you to quickly implement incremental changes to the design.

In this lab, you use the BFT example design that is included in the Vivado® Design Suite, to learn how to use
the incremental compile flow. Refer to the Vivado Design Suite User Guide: Implementation (UG904) to learn
more about Incremental Compile.

Step 1: Opening the Example Project

1. Start by loading Vivado IDE by doing one of the following:
o Launch the Vivado IDE from the icon on the Windows desktop
o Type vivado from a command terminal.

2. From the Getting Started page, click Open Example Project.

Quick Start
Fals \ iy -
® %- |
N =
Create Mew Project Open Project Open Bxample Project
Tasks

Manage IP Open Hardware Manager Xilinx Tcl Store

Figure 17: Open Example Design
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Lab 2: Using Incremental Compile

-

¢ Open Example Project

VIVADO!

XILINX

ALL PROGRAMMABLES

=]

Create an Example Project
This wizard will guide you through the creation of a new Vivado project from a predefined template.

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of template project you would like to create and choose a default board.

To continue, click Next.

Figure 18: Open Example Project

3. Click Next in the Open Example Project screen.
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4. Select the BFT (Small RTL project) design.

-

¢ Open Example Project ‘ &3 |

Select Project Template
Select one of the below predefined templates on which to base your new project ‘

Templates Description
Base MicroBlaze BFT
Base Zynq ;
Small RTL project
Configurable Microblaze Design
CPU (HDL)
CPU (Synthesized)
Wavegen (HDL)

I

[ < Back ][ Next > Finish

Figure 19: Select Example Project Screen

5. Click Next.
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6. In the Project Name screen, specify the following :
o Project name:project bft core hdl
o Project location: <Project Dir>

7. Click Next.

4. Open Example Project @
Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘

Project name: | project_bft_core_hdl
Project location: C:fData,-’Vivadn_TutoriaI| D
Create project subdirectory

Project will be created at: C:/Data/Vivado_Tutorial/project_bft_core_hdl

< Back ” Mext = Finish Cancel

Figure 20: Project Name Screen
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8. In the Default Part screen, select the xc7k70tfbg484-2 part and click Next.
4. Open Example Project @
Default Part
Choose a default Xilinx part for your project. This can be changed later. ‘
I/O PFin Available LuUT ) Block Gh GTXE2
Fart Count I0Bs Elements FlipFlops RAMs DSPs Transceivers Transceivers
5 Xc7k70tfbg484-2 434 [pss  [awooo  [s2000  [135  Ja0 a4+
% xc7k70tfbg676-2 676 300 41000 82000 135 240 8 8
@ xcAv585tTg1157-2 1,157 600 364200 728400 795 1260 20 20
% xcku035-fovadnn-2-e a00 468 203128 406256 540 1700 16 0
4 1] b
< Back “ Next > {  Finish
Figure 21: Default Part Screen
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9. The New Project Summary screen appears, displaying project details. When you have reviewed these, click
Finish.

¢~ Open Example Project @

New Project Summary
VIVADO'
g (@ A new project named 'project_bft_core_hdl' will be created from the 'BFT' template.

@ The default part and product family for the new project:
Default Part: xc7k70tfbg484-2
Product: Kintex-7
Family: Kintex-7
Package: fbg484
Speed Grade: -2

XILINX

ALL PROGRAMMABLE.

To create the project, click Finish

Mext = |} Finish |[ Cancel

Figure 22: New Project Summary Screen
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The Vivado IDE opens with the default view.

Lab 2: Using Incremental Compile

File Edit Flow Tools Window Layout View Help
22| @
Flow Navigator “«
oz
4 Project Manager

5 Project Settings

¥ Add Sources

¢ Language Templates

1F IP Catalog

s

TP Integrator
# create Block Design
¥ Open Block Design
Generate Block Design

N

Simulation
% Simulation Settings
(i) Run Simulation

8

RTL Analysis
15 Elaboration Settings
> % Open Elaborated Design

s

Synthesis
5 Synthesis Settings
& Run Synthesis
> ¥ Open Synthesized Design

4 Implementation
%5 Implementation Settings
[» Run Implementation
> BF Open Implemented Design

4 Program and Debug
1f5 Bitstream Settings
¥ Generate Bitstream
> @% Open Hardware Manager

PN project_bft_core_hdl - [C:/Data/Vivado_Tutorial/project_bft_core_hdl/project_bft_core_hdl.xpr] - Vivado 2015.1

P b B|H K| T G 5 efault Layout M & Y

Project Manager - project_bft_core_hdl
Sources Qe x
az=sweae RE
(> Design Sources (1)
% @4 bft - aBFT (bit.vhdl) (6)
{1 Constraints (1)
[ & Simulation Sources (1)

Hierarchy | Libraries | Compile Order

& Sources | 7 Templates

Z Project Summary X

i B4

Project Settings
Froject name: project_bft_core_hdl
Froject location:
Product family:  Kintex-7

Project part: XC7KT0Hbg484-2
Top module name: bft

Synthesis
Status:  Not started
Messages: No errors or warnings

Part: xc7k70tfbg484-2
Strategy:  Vivado Synthesis Defaults

C:/Date/Vivado_Tutorial/project_bft_core_hdl

Implementation %
Status: Not started

Messages: No errors or warnings

Part: xc7k70tfbg484-2

Strategy: Vivado Implementation Defaults
Incremental compile: None

Timing &

Run Implementation to see timing results

Power A

Run Implementation to see power results

Pl’apeﬂleS —ge x
i3]
DRC Violations
Run Implementation to see DRC resuts
Select an objed
! Utilization
Run Synthesis to see wtilization results
DES\Q" Runs
A Name Strategy Status
= = synth 1 Vivado Synthesis Defaults (Vivado Synthesis 2015) Not started
= = impl_1 Vivado Implementation Defaults (Vivado Implementation 2015) Not started
|4
»
L |
.

— T

12 Td Console | = Messages | Gl Log | 2 Reports., & Design Runs

_oue x
Constraints  Progress Elapsed WM
constrs_1 0%
constrs_1 0%

Figure 23: Vivado IDE Showing project_bft_core_hdl Project Details

Step 2: Compiling the Reference Design

1. From the Flow Navigator, select Run Implementation.

The Missing Synthesis Results dialog box opens, as shown in the figure below. The dialog box appears
because you are running implementation without first running synthesis. This lets you choose to run
synthesis at this time.

2. Click OK to launch synthesis first.

Synthesis runs, and implementation starts automatically when synthesis completes.

Implementation

al?_=. Missing Synthesis Results

There iz no netlist available. OK to launch synthesis first? Implementation will automatically
start when synthesis completes.

OK | [ Cancel

X5

Figure 24: Missing Synthesis Results
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After implementation finishes, the Implementation Complete dialog box opens.
3. Click Cancel to dismiss the dialog box.

In a project-based design, the Vivado Design Suite saves intermediate implementation results as design
checkpoints in the implementation runs directory. You will use one of the saved design checkpoints from
the implementation in the incremental compile flow.

O TIP: When you re-run implementation the previous results will be deleted. Save the
intermediate implementation results to a new directory or create a new implementation run
for your incremental compile to preserve the reference implementation run directory.

4. In the Design Runs window, right click on impl_1 and select Open Run Directory from the popup menu.

This opens the run directory in a file browser as seen in the figure below. The run directory contains the
routed checkpoint (bft routed.dcp) to be used later for the incremental compile flow.

The location of the implementation run directory is a property of the run.

5. Get the location of the current run directory in the Tcl Console by typing:

get property DIRECTORY [current run]

This returns the path to the current run directory that contains the design checkpoint. You can use this Tcl
command, and the DIRECTORY property, to locate the DCP files needed for the incremental compile

flow.
[F= Hol =<
R
L | . v Computer » OSDisk (C:) » Data » Vivado_Tutorial » project_bft_core_hdl » project_bft_core_hdlruns » impl1l » - |$¢ | | Search impl_ 1 ol [
File Edit View Tools Help
Organize « 4% Open » Burn Mew folder =~ 0O lié]
¢ Favorites *  Mame Date modified Type Size gt
B Desktop 2| bft_clock_utilization_placed.rpt 5/18/2014 810 AM  RPT File 12 KB
& Downloads || bft_control_sets_placed.rpt 5/18/2014 8 RPT File 10 KB
= Recent Places 2] bft_drc_routed.pb 5/18/2014 8:11 AM PE File 1 KB
2] bft_drc_routed.rpt 5/18/2014 8:11 AM RPT File T3 KB
B Desktop 2| bft_io_placed.rpt 5/18/2014 8 RPT File 122 KB
- Libraries 4. bft_opt.dcp 5/18/2014 8:09 AN Vivado Checkpoin... 499 KB
3 Documents 4. bft_placed.dcp 5/18/2014 8:10 Vivado Checkpoin... 562 KB
J“. Music E |2 bft_power_routed.rpt 5/18/2014 8:11 AM RPT File 11 KB
=] Pictures |2 bft_power_summary_routed.pb 5/18/2014 811 AM  PBFile 1 KB 3
E Videos 4 bft_routed.dcp 5/18/2014 8:11 AM Vivado Checkpoin... 1,049 KB
& Homegroup =] bft_timing_summary_routed.pb 5/18/2014 8:11 AM PE File 1 KB
A Randy Hartgrove |2 bft_timing_summary_routed.rpt 5/18/2014 811 AM  RPT File 49 KB
18 Computer |2 bft_utilization_placed.pb PB File 1 KB
€l Network |2 bft_utilization_placed.rpt RPT File 9 KB
[E3 Control Panel |#| gen_run.xml 5/18/2014 8 XML Document 4 KB
£ Recycle Bin | htr.bd 5/18/2014 8 Text Document 1 KB
¥ PGP Shredder - || init_design.pb 5/18/2014 &0 PB File 3 KB -
| bft_routed.dcp Date modified: 5/18/2014 8:11 AM Date created: 5/18/2014 8:11 AM
ﬂ‘ » Vivado Checkpoint File Size: 1.02 MB
_—

Figure 25: Implementation Run Directory
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Step 3: Create New Runs

In this step, you define new synthesis and implementation runs to preserve the results of the current runs. Then
you make changes to the design and rerun synthesis and implementation. If you do not create new runs,
Vivado overwrites the current results.

1. From the main menu, select Flow > Create Runs.

2. The Create New Runs wizard screen, shown in the following figure, prompts you to create new Synthesis
and/or Implementation runs. Select Both and click Next.

-

#- Create New Runs

=

Create New Runs

This wizard will guide you through the process of creating and launching multiple synthesis or/and implementation runs. You can then
apply different sets of command options, or strategies, to these runs and launch them all at once.

What type runs do you want to create?
Synthesis
'-.:_-'melementation

(@) Both

XILINX

ALL PROGRAMMABLE.

To continue, click Next

< Back Finish

Figure 26: Create New Runs Wizard

3. The Configure Synthesis Runs screen opens. Accept the default run options by clicking Next.
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4. The Configure Implementation Runs screen opens, as shown in the figure below. Enable the Make Active
checkbox, and click Next.

ﬂa Create Mew Runs @
Configure Implementation Runs -

Create and configure one or more implementation runs using various Part, Constraints, flows and strategies

Create Implementation Runs
Name Synth Name Constraints Set Part Strateqgy Make Active

impl_2 [# synth_2 (new) * | | & constrs_2 (active) ¥ .® *xc7k70tfbg484-2 = & vivado Implementation Defaults (Vivado Implementati,.. I

Runs to create: 1
[ « Back ]| Mext > | Finizh

Figure 27: Configure Implementation Runs

5. From the Launch Options window, select Do not launch now and click Next.
6. In the Create New Runs Summary screen, click Finish to create the new runs.

The Design Runs window displays the new active runs in bold.

Design Runs — 0O ¢ X
D\ MName Strategy Status Progress Elapsed WHNS NS WHS THS TPWS Descr
| B synth_1 Vivado Synthesis Defaults (Vivado ... synth_design Complete!  [EE] 1009 00:01:10 Vivadol
= Vivado Implementation Defaults (Vi... Jroute_design Complete! = 100% 00:03:13] mmm
|- ED synth_2 (active) Vivado Synthesis Defaults (Viv... Mot started Viva
3> ----- = impl_2 (active]  Vivado Implementation Defaul... Hot started I:I 0% Viva
-

e | T 3

5 Td Console LL Messages LEQ[ Log lé Reports\)‘§> Design Runs ]

Figure 28: New Design Runs
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Step 4: Making Incremental Changes

In this step, you make minor changes to the RTL design sources. These changes necessitate resynthesizing the
netlist and re-implementing the design.

1. In the Hierarchy tab of the Sources window, double-click the top-level VHDL file, bft .vhd1l, to open the
file in the Vivado IDE text editor, as shown in the following figure.

Sources — O = E Project Summary > | &f bftwhdl * x O =

Q, Z % =% Oﬁ ’j] [:EI C:/Data/Vivado_Tutarialproject_bft_core_hd|fproject_bft_core_hdl.sres/sources_1fimports fhdl/bft. vhdl

(=& Design Sources (1) = 28 ) &
=R X Mbft - aBFT (bft.vhd) (5) . 259 library IEEE;

arnd1 - round_1 -aR 1 (round_1.vhdl) |
arnd2 - round_2 - aR2 (round_2.vhdl)
arnd3 - round_3 - aR.3 (round_3.vhd
arnd4 - round_4 - aR4 (round_<.vhdl) (1)
ingressLoop.ingressFifo - FifoBuffer (FifoBuf
¥ egressLoop.egressFifo - FifoBuffer (FifoBuff
[#-I= Constraints (2)

[ Simulation Sources (1)

| s0use IEEE.STD LOGIC 1164.a81l;
4 3luse IEEE.STD LOGIC ARITH.all;
32 use IEEE.STD LOGIC SIGHNED.all:
33

34 library bftLib;

35use bitlib.bftPackage.all;

36

37 enticy bit is

38 port

o B

Lo |

§ t’; 2 wbClk, bftClk, reset : in std logics
ol L b @ __J 40 wbDataForInput :in std logic;
Hierarchy | Libraries | Compile Order & a1 wbliritefut: in std logic;
& Sources | 7 Templates | az wbDataForOutput : cut std logic:
68 ¥ —
ol 43 wbInputData : in std logic wector (31 downto 0);
Source File Properties — O @ = :_ a4 wblutputData : out std logic vector (31 downto 0):
& & &J [% P 4 error : buffer std legic
= =\ 1§ H
@ bft.vhdl e ’
3 47
=| 4g attribute £ odi rstring;
Location: C:fDaEMvado_Tutorialfpmject_b': & r:!. ure TSm_Snc :!.ng s_rlng . i
49 attribute fsm encoding of bft : entity is "one-hot" ;
Type: VHDL E] = S0end entity bft:
Library: waork E] N i
52 architecture aBFI of bft is
Size: 10.9KB 53
Modified: Monday 06/03/13 12:12:58 PM 54 corponent FifoBuffer
Copied to: <Project Directory > fproject_bft o . 55 port
i |T- = 56 din: IN std logic VECTOR(31 downto 0);
57 A ,lls TN atd lamics k%2
General | Properties 4| 1 | 3

Figure 29: BFT VHDL File

2. Go to line 45 of the bft.vhd1 file and change the error port from an output to a buffer, as follows:

error : buffer std logic
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3. Go to line 331 of the bft.vhdl file

Lab 2: Using Incremental Compile

and modify the VHDL code, as follows:

From

To

-- enable the read fifo
process (fifoSelect)
begin

readEgressFifo <= f
end process;

ifoSelect;

fifoSelect;
else

0');
end 1if;
end process;

readEgressFifo <=

-— enable the read fifo

process (fifoSelect, error)
begin
if (error = ‘0’) then

readEgressFifo <=

(others =>

The results should look like the following figure.

E Project Summary X

319
o 320

L+ EFS

c.%'&a 322
323

j% 324

H=l] 325

¥ 326 end

II,-II,- 327 end

_|1328 end if;

*==| 329 end process;
f) 330

333 begin

338 end if;
339 end process;

4
&l
o
”
lEf 336 else
&
K4

344

G Device X | wh bftvhdl * x

end case;
if {egressFifoEmpty(7) = "1') then
demuxState <= stall;
wbDataForlutput <= "0";
wbOutputData <= {others =» "0");
end if;
when others =>
case;

if;

331 -- enakle the read fifo

332 process (fifoSelect, error)

—~ | 334 if {error = "0") then
335 readEgressFifo <= fifoSelect;

337 readEgressFifo <= (others =» "0");

343 end architecture aBFT;

O > x
EEI C:/Data/Vivado_Tutorial fproject_bft_core_hdlfproject_bft_core_hdl.sresfsources_ 1 fimportsfhdlbft

s

|

1
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4. Save the changes by clicking the Save File =4 button in the sidebar menu of the text editor.

As you can see in the following figure, changing the design source files also changes the run status for
finished runs from Complete to Out-of-date.

Design Runs -0 2> %
C’\ MName Strategy Status Progress Elapsed WHNS THS WHS THS TPWS Des
E - synth_1 Vivado Synthesis Defaults {Vivado ... Synthesis Out-of-date e 100%  00:01:10 Viva
= Lo beadimpl_1 Vivado Implementation Defaults (Vi... Implementation Out-of-date [ 100%:  00:03:13 0.13  0.00 0.07 0.00 0.00 Viva
Q= - syath_2 (acive) ot started e | | | | | | |w
3> = impl_2 (active) Not started 0% Viva
+
e I ] ¥

5 Td Consale | () Messages | (& Log | 2 Reports™ 5> Design Runs

Figure 31: Design Runs Out-of-Date

5. In the Flow Navigator, click Run Synthesis to synthesize the updated netlist for the design using the
active run, synth_2.

6. When the Synthesis Completed dialog box opens, click Cancel to close the dialog box.

Step 5: Running Incremental Compile

You updated the design with a few minor changes, necessitating re-synthesis. You could run implementation
on the new netlist, to place and route the design and work to meet the timing requirements. However, with
only minor changes between this iteration and the last, the incremental compile flow lets you reuse the bulk of

your prior placement and routing efforts. This can greatly reduce the time it takes to meet timing on design
iterations.

For more information, refer to this link in Vivado Design Suite User Guide: Implementation (UG904).

Start by defining the design checkpoint (DCP) file to use as the reference design for the incremental compile
flow. This is the design from which the Vivado Design Suite will draw placement and routing data.

1. In the Design Runs window, right-click the impl_2 run and select Set Incremental Compile from the
popup menu.

The Set Incremental Compile dialog box opens, as shown in Figure 32.

2. Click the Browse ) button in the Set Incremental Compile dialog box, and browse to the
./project bft core hdl.runs/impl 1 directory.
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3. Select bft routed.dcp as the incremental compile checkpoint.

al‘;f_=. Set Incremental Compile @

':0:' Enable/disable incremental compiling by choosing or dearing a chedkpoint file.

Use checkpoint: | vivado_Tutorial/project_bft_core_hdl/project_bft_core_hdl.runs/impl_1/bft_routed.dcp| I:I

[ oK ” Cancel |

Figure 32: Set Incremental Compile

4. Click OK.

This is stored in the INCREMENTAL CHECKPOINT property of the selected run. Setting this property tells
the Vivado Design Suite to run the incremental compile flow during implementation.

5. You can check this property on the current run using the following Tcl command:

get property INCREMENTAL CHECKPOINT [current run]

This returns the full path to the bft routed.dcp checkpoint.

O TIP: To disable incremental compile for the current run, clear the
INCREMENTAL_CHECKPOINT property. This can be done using the Set Incremental
Compile dialog box, or by editing the property directly through the Properties window of

the design run, or through the reset property command.

6. From the Flow Navigator, select Run Implementation.

This runs implementation on the current run, using the bft routed. dcp file as the reference design for
the incremental compile flow. When the run is finished, the Implementation Completed dialog box opens.

7. Select Open Implemented Design and click OK.
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As shown in the following figure, the Design Runs window shows that the elapsed time for
implementation run impl 2 is less than for impl 1 because of the incremental compile flow.

Note: This is an extremely small design. The advantages of the incremental compile flow are greater with

larger, more complex designs.

Design Runs — 0O @ =
a1

O\ MName Strategy Status Progress Elapsed WNS TNS WHS THS  TPWS Descr
Z E- o synth_1 Vivado Synthesis Defaults (Vivado Synthesis 2014) Synthesis Out-of-date ] 100%, 00:01:09 Vivadg
=1 i  impl_1 Vivado Implementation Defaults (Vivado Implementat... Implementation Out-of-date [l 100%  00:03:19  0.11  0.00  0.07 0.00 0.00 Vivadd
| =+ synth_2 (active) Vivado Synthesis Defaults (Vivado Synthesis ... synth_design Complete! [ 100% 00:01:12 Vivad
P impl_2 (active) |Vivado Implementation Defaults (Vivado Imp... [route_design Complete! 00:01:55] mmmmm
W

H

[

l (1] +

=) Td Console L'.'L‘- Messages Ll:q Log lé Reportk\ I» Design Runs J

Figure 33: Elapsed Time for Incremental Compile

8. Select the Reports tab in the Results Window area and double-click the Incremental Reuse Report in

the Place Design section, as shown in the following figure.

Reports

Mame Modified Size
[#-Synth Design (synth_design)
--Plaoe Design (place_design)
[=-Route Design (route_desian)

- [ Vivado Implementation Log 4/2(14 3:13 PM
i B WebTalk Report
[% DRC Report 4/2{14 3:13PM
& Power Report 4(2/14 3:13PM
B Route Status Report
-+ [2) Timing Summary Report 4/2{14 3:13PM
‘|2 Incremental Reuse Report 4/2{14 3:13PM
[#-Post-Route Phys Opt Design (post_route_phys_opt_design)
[+~ Write Bitstream (write_bitstream)

i M P

27.3KB

37.4KB
10.5KB

4.8 KB
2.5KB

& Td Console LL Messages LEa_.l L@ 21 Reports Lﬂ} Design Runs

Figure 34: Reports Window
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The Incremental Reuse Report opens in the Vivado IDE text editor, as displayed in the following figure.
This report shows the percentage of reused Cells, Ports, and Nets. A higher percentage indicates more

effective reuse of placement and routing from the incremental checkpoint.

T Project Summary X |6 Device X | i bft.vhdl X | 2 Incremental Reuse Report - impl_2 X
L C:/Data/Vivado_Tutorial/project_bft_core_hdlfproject_bft_core_hdl.runsfimpl_2/bft_incremental_reuse_placed.rpt

1 Copyright 1986-2014 Xilinx, Inc. A1l Rights Reserwved.
2

3| Tool Version : Viwvado v.2014.2 (win64) Build 911930 Mon May 12 18:57:52 MDT 2014

41 4

'.;- 4| Date : Sun May 18 08:33:35 2014

i 5| Host : XSJERNDYH30 running 64-bit Service Pack 1 (build 7&01)

Ej 6 | Command : report_incremental reuse -file bft_incremental reuse placed.rpt (Using checkpoint C:/Data/Vivado_Tutorial
7|1 Design : bft
& | Device : xcTk70t

il 9

_|10
1 Incremental Reuse Summary

w12

=J 131. Netlist Similarity Summary
14 -

)15

o |16+ t t t +

. 17 | Type | Count | Total | Percentage |

(12 + t t + +

3 19| Matched Cells | 3793 | 3833 | 98.95 |

> 20 | Matched Ports | 711 711 100.00 |

=|21 | Matched Nets | 7496 | 7520 | 99.68 |
22 + + + +
23
24
25 2. Implementation Reuse Summary
26 -
27
28 + + + + +
29 | Type | Count | Total | Percentage |
30+ t t t t
31| Reused Cells | 3780 | 3833 | 98.61 |
32 | Reused Ports | | 711 100.00 |
33 | Reused Nets | 6366 | 6400 | 99.46 |
34 | | | |
35 | NHon-Reused Cells | 53 | 3833 | 1.38 |
36 | Hew | 40 | 3833 | 1.04 |
371 Discarded illegal placement due to netlist changes | 13 | 3833 | 0.33 |
38 | Fully Reused nets | 8310 | 6400 | 98.59 |
39 | Partially reused nets | 56 | 6400 | 0.87 |
40 | Non-Reused nets | 34 | 8400 | 0.53 |

mn

Figure 35: Incremental Reuse Report

In the report, fully reused nets indicate that the entire routing of the nets is reused from the reference design.
Partially reused nets indicate that some of the routing of the nets reuses routing from the reference design.
Some segments re-route due to changed cells, changed cell placements, or both. Non-reused nets indicate

that the net in the current design was not matched in the reference design.
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Conclusion

This concludes Lab #2. You can close the current project and exit the Vivado IDE.

In this lab, you learned how to run the Incremental Compile flow, using a checkpoint from a previously
implemented design. You also examined the similarity between a reference design checkpoint and the current
design by examining the Incremental Reuse Report.
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Lab 3: Manual and Directed Routing

Introduction

In this lab, you learn how to use the Vivado® IDE to assign routing to nets for precisely controlling the timing of
a critical portion of the design.

e You will use the BFT HDL example design that is included in the Vivado Design Suite.

e Toillustrate the manual routing feature, you will precisely control the skew within the output bus of the
design, wbOutputData.

Step 1: Opening the Example Project

1. Start by loading Vivado IDE by doing one of the following:
o Launch the Vivado IDE from the icon on the Windows desktop.
o Type vivado from a command terminal.

2. From the Getting Started page, click Open Example Project.

Quick Start
.r'; 1# P ]
—IN
?\ [1_' ¥
Create Mew Project Open Project Open Bxample Project
Tasks

Manage IP Open Hardware Manager Xilinx Tcl Store

Figure 36: Open Example Design
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-

¢~ Open Example Project

Create an Example Project

Vl\ADO‘ This wizard will guide you through the creation of a new Vivado project from a predefined template.

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of template project you would like to create and choose a default board.

To continue, click Mext.

R

Figure 37: Open Example Project

3. Click Next in the Open Example Project window.
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4. Select the BFT (Small RTL project) design.

g

¢ Open Example Project
Select Project Template

Select one of the below predefined templates on which to base your new project ‘

=

Templates Description
Base MicroBlaze BFT

Base Zynq :
Small RTL project
Configurable Microblaze Design

CPU (HDL]

Wavégén (HDL

< Back H Next > ] FEinish

Figure 38: Open Example Project, Select Example Project Screen
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5. Specify the following:
o Project name: project_bft_core_hdl
o Project location: <Project Dir>

6. Click Next.

#- Open Example Project
Project Name
Enter a name for your project and specify a directory where the project data files will be stored

Project name: | project_bft_core
Project location: | C:/Data/Vivado_Tutorial
Create project subdirectory

Project will be created at: C:/Data/Vivado_Tutorial/project_bft_core

=

< Back ” Mext =

Finish Cancel

Figure 39: Project Name Screen
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7. Select the xc7k70tfbg484-2 as your Default Part and click Next.

-

¢~ Open Example Project
Default Part
Choose a default Xilinx part for your project. This can be changed later.

I/O Pin
Count

Available
I0Bs

LUT
Elements

Block
RAMs

Part

FlipFlops DSPs

4 xc7k70tfbg484-2

i xc7k70tfbg676-2 676 300 41000

2]
%

Gb GTXE2
Transceivers Transceivers

484 285 Jat000 82000 J135 240 4[4 |
8

82000 135 240 8
@xcﬂSSStﬁgllS?—Z 1,157 600 364200 728400 795 1260 20 20
& wcku35-fhvad0o-2-e 0o 468 203128 406256 540 1700 16 0
< 1] =

Figure 40: Default Part Screen
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8. Click Finish.

.

#- Open Example Project @
New Project Summary

’
Vl\ADO (@ A new project named 'project_bft_core’ will be created from the 'BFT' template.

(@ The default part and product family for the new project:
Default Part: xc7k70tfbg484-2
Product: Kintex-7
Family: Kintex-7
Package: fbg484
Speed Grade: -2

XILINX

ALL PROGRAMMABLE.

To create the project, click Finish

Next > Finish ]l Cancel

Figure 41: New Project Summary Screen
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The Vivado IDE opens with the default view, as shown in the following figure.

4 project_bft_core - [C:/Data/Vivado_Tutorial/project_bft_core/project_bft_core.xpr] - Vivado 2014.2

Fle Edt Fow Toos Window Layout View Hep
ARnvRk X ® DB S K LG [Bochutiayot S HEN®
Flow Navigator «| | Project Manager -project bft_core
Sources — 0w % | | EProject Summary X
[ mrreerere ) O\Z%Idﬁ’\w@ E o = o
5 Project Settings B"ﬁn_f:_ i”;:'f?;r}lihﬁ e () 5| Project name: project_bft_core
@¥ add sources CConstrants ) Product family:  Kintex-7
L} 1P Catolog = Simulation Sources (1) Project part: xc7k70tfbgd84-2
Top module name:  bft
4 P Integrator - .
3 Grente BockDesign Synthesis 2 Implementation 2
¥ Open Block Design status: = Mot started Status: =P Not started
& Generate Block Design Messages:  No errors or warnings Messages: No errors or warnings
Part: xcATOtfbg#84-2 Part: XCTT0tbgH84-2
4 simulaton Strategy:  Yivado Synthesis Defouits Strate Vivedo Inplementation Defouits
4 Smulation Settings | rsesarchy [Fecates]copicvieg] Cnnsbg;nts constrs 2 Cunstrg:\nts: constrs 2
() Run Simuation & sources [ © Tempates | Incremental Compile: hone
. Properties _gwe x
4 RTL Analysis DRC Violations £ Timing %
> [g¥ Open Elborated Design 2 L
DRC information is not avaiiable because it hasn't been run Timing information is not avalable because it hasn't been run
4 Synthesis
15 Synthesis Settings
$ Run Synthess Utilization 2 Power P
b [ Open Synthesized Design
Utiization information s not avaiable because it hasn't been run Power information s not avalable because it hasn't been run
4 Inplementation
5 Implementation Settings
[» Run Implementation
> ¥ Open Implemented Design

Design Runs _ouwex
.

Progrem and Debug | Name Constraints WNS TNS WHS THS TPWS FaledRoutes LUT FF  BRAM DSP  Start Elapsed  Status  Progress Stra
) Brsweam settngs L[5 eyt 1 constrs_2 Notstarted [_10% Vivax
¥ Generate Bitstream e = impl_1 constrs_2. Notstarted [ ]0% Viva

=

> @® Open Hardnare Manager >

“
1
B0 i '
/5 Td Console | ) Messages | [ Log | |2 Reports', 3> Design Runs.
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Step 2: Place and Route the Design

1. In the Flow Navigator, click Run Implementation.

The Missing Synthesis Results dialog box opens to inform you that there is no synthesized netlist to
implement, and prompts you to start synthesis first.

é‘:‘_:. Missing Synthesis Results @

[9] There is no netlist available. OK to launch synthesis first? Implementation will automatically
= start when synthesis completes.

| oK || Cancel |

Figure 43: Missing Synthesis Results

2. Click OK to launch synthesis first.

Implementation automatically starts after synthesis completes, and the Implementation Completed dialog
box opens when complete, as shown in the following figure.

Implementation Completed @

IOI Implementation successfully completed.

Generate Bitstream

View Reports

Don't show this dialeg again

[ 0OK J| Cancel |

Figure 44: Implementation Completed

3. In the Implementation Completed dialog box, select Open Implemented Design and click OK.

The Device window opens, displaying the placement results.
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4. Click the Routing Resources button &L to view the detailed routing resources in the Device window.

T, Project Summary X | &5 Device X O =

Figure 45: Device View

Step 3: Analyze Output Bus Timing

IMPORTANT: The tutorial design has an output data bus, woOutputData, which feeds

ﬁ external logic. Your objective is to precisely control timing skew by manually routing the
nets of this bus.

You can use the Report Datasheet command to analyze the current timing of members of the output bus,
wbOutputData. The Report Datasheet command lets you analyze the timing of a group of ports with respect
to a specific reference port.

1. From the main menu, select Tools > Timing > Report Datasheet.
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2. Select the Groups tab in the Report Datasheet dialog box, as seen in the following figure, and enter the
following:
o Reference: [get ports {wbOutputDatal[0]}]

o Ports: [get ports {wbOutputDatal[*]}]

#- Report Datasheet 52

Create a datasheet report for the current design. The datasheet has the timing
characteristics of a design at the I/O pads. ‘
Option=" Groups | Timer Settings
1. Reference |[get_ports {wbOutputData[0]}]

Ports | [get_ports {whOutputData[*]}]

Command: latasheet -group [get_ports {wbOutputData[0] wbOutputData[*]}] -name timing_1
Open in a new tab
[] open in Timing Analysis layout

0K l I Cancel

Figure 46: Report DataSheet

3. Click OK.

In this case, you are examining the timing at the ports carrying the wbOutputData bus, relative to the
first bit of the bus, woOutputData [0]. This allows you to quickly determine the relative timing
differences between the different bits of the bus.

4. Click the Maximize button & to maximize the Timing - Datasheet window and expand the results.
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5. Select the Max/Min Delays for Groups > Clocked by wbClk > wbOutputData[0] section, as seen in
the following figure.

You can see from the report that the timing skew across the wbOutputData bus varies by almost 700 ps.
The goal is to minimize the skew across the bus to less than 100 ps.

Timing - Datasheet - timing_1 — 0O e X
Q E L@'_": = @% j 4 Max/Min Delays for Groups - Clocked by wbClk - whOutputData[0]
""" General Information 4 . N Setup  Setup Process Id Hold Hold Process  Source Offset
:::::gft;tusoljrssr‘tssgiiﬁtoo—uut @ EITREE 3T Edge  Corner o Edge  Corner to Center
----- Setup between Clocks < wbOutputData[ 0] 8.353 Rise SLow 3.555 Rise FAST 0.000
—Setup/Hold for Input Buses < whOutputData[31] 8.919 Rise SLOW 3.859 Rise FAST 0.566
;--C_Iocked by whbClk < wbOutputData[30] 9.030 Rise sSLow 3,917 Rise FAST 0.677
“wbInputData <4 whOutputData[29] 8.933 Rise SLow 3.869 Rise FAST 0.580
—+-Max/Min Delays for Output < whOutputData[28] 8.793 Rise SLOW 3.789 Rise FAST 0.441
;--c_|gcked by wbclk < whOutputData[ 27] 8.680 Rise SLow 3.725 Rise FAST 0.328
- whOQutputData < wbOutputData[26] 8.870 Rise SLOW 3.819 Rise FAST 0.517
—+-Max/Min Delays for Groups <4 wbOutputData[25] 8.865 Rise SLOW 3.808 Rise FAST 0.512
—|-Clocked by whClk <4 wbOutputData[24] 8.726 Rise SLOwW 3.742 Rise FAST 0.373
<& wbOutputData[23] 8.685 Rise SLOW 3.722 Rise FAST 0.332
< whOutputData[22] 8.751 Rise SLow 3.751 Rise FAST 0.398
< whOutputData[21] 8.642 Rise SLow 3.696 Rise FAST 0.289
<d wbOutputData[20] 8.662 Rise SLow 3.713 Rise FAST 0.309
<4 wbOutputData[19] 8.757 Rise SLow 3.779 Rise FAST 0.405
< whOutputData[18] 8.654 Rise sLow 3.702 Rise FAST 0.301
<4 whOutputData[17] 8.587 Rise SLow 3.661 Rise FAST 0.234
< whOutputData[16] 8.543 Rise SLow 3.649 Rise FAST 0.192
<4 wbOutputData[ 15] 8.593 Rise SLow 3.685 Rise FAST 0.240
< whOutputData[14] 8.580 Rise SLOwW 3.661 Rise FAST 0.228
< wbOutputData[13] 8.539 Rise sLow 3.672 Rise FAST 0.186
<4 whOutputData[12] 8.508 Rise SLow 3.627 Rise FAST 0.155
< whOutputData[11] 8.544 Rise SLow 3.656 Rise FAST 0.191
< whOutputData[ 10] 8.522 Rise SLow 3.648 Rise FAST 0.169
4 whOutputData[9] 8.488 Rise SLOw 3.629 Rise FAST 0.135
< wbOutputData[ 8] 8.518 Rise SLow 3.639 Rise FAST 0.1685
<4 whOutputData[7] 8.369 Rise SLow 3.560 Rise FAST 0.016
< whOutputData[ 6] 8.542 Rise sLow 3.673 Rise FAST 0.189
<4 whOutputData[ 5] 8.397 Rise SLow 3.601 Rise FAST 0.046
< whOutputData[4] 8.353 Rise SLow 3.545 Rise FAST 0.011
<4 wbOutputData[3] 8.310 Rise sLow 3.510 Rise FAST 0.045
< whOutputData[2] 8.370 Rise SLOwW 3.556 Rise FAST 0.017
< whOutputData[1] 8.314 Rise sLow 3.522 Rise FAST 0.039
< whOutputData[0] 8.353 Rise SLow 3,555 Rise FAST 0.000
Worst Case Summary 9.030 Rise SLow 3.510 Rise FAST 0.677
- T = Bus Skew: 0.677 ns
Timing Summary - impl_1 X | Datasheet - timing_1 X 4 @

Figure 47: Report Datasheet Results

6. Click the Restore button = so you can simultaneously see the Device window and the Timing -
Datasheet results.

7. Click the hyperlink for the Setup time of the source wbOutputData [31].

This highlights the path in the Device view window that is currently open.
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Note: Make sure that the Autofit Selection & s highlighted in the Device window so you can see the
entire path, as shown in the following figure.

. Project Summary X | Device x [ EaS

Timing - Datasheet - timing_1 N i I
Q :Zj Iiﬂ @ 4 Max/Min Delays for Groups - Clocked by whClk - wbOutputData[0]
SEb'ID"'HDld for Input Ports - Q g Cetuy Setup Setup Process Hold Hold Hold Process Source Offset
Max/Min Delays for Qutput Ports e = SUP  Edge Corner o Edge  Corner to Center
Setup between Clocks b
) SEmE;HoId for Input Buses <3 whbOutputData[i] 8,358 Rise SLOwW 3.608 Rise FAST 0,000 -
& Clocked by wbck @ 30| ccoRiss j 0.328
H <3 wbOutputData[30] 7.939 Rise SLOwW 3.367 Rise FAST 0.420
= < wbOutputData[29] 7.984 Rise SLOwW 3.382 Rise FAST 0.374
<4 wbOutputData[28] 8.027 Rise SLOwW 3.403 Rise FAST 0.331
< wbOutputData[27] 7.901 Rise SLOwW 3.342 Rise FAST 0.458
S Max Min Delays for Groups <l whOutputData[26] 7.915 Rise sLow 3.336 Rise  FAST 0.444 i
= Clocked by wbCk -
[N boutputData = Bus Skew: 0.478 ns
1. % 4 b B

= Td Console | (& Messages | Ed Log | (2 Reports | ¥ Design Runs () Timing

Figure 48: Detailed Routing View

8. In the Device window, right click on the highlighted path and select Schematic from the popup menu.

This displays the schematic for the selected output data bus, as shown in Figure 49, page 48. From the
schematic, you can see that the output port is directly driven from a register through an output buffer
(OBUF).

If you can consistently control the placement of the register with respect to the output pins on the bus
and control the routing between registers and the outputs, you can minimize skew between the members
of the output bus.
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% Project Summary ¢ |85 Device x | ¥ Schematic X
3| 2Cels 320[0Ports  2Nets

x wbOutputData_reg[31]
E —+C
= —{ce
- N
—r
X
& FDRE

I

wbOutputData_OBUF[31]_inst
0

OBUF

wbOutputData[31:0]

Figure 49: Schematic view of Output Path

9. Change to the Device window.

To better visualize the placement of the registers and outputs, you can use the mark objects
command to mark them in the Device view.

10. From the Tcl Console, type the following commands:

mark objects -color blue [get ports wbOutputData[*]]
mark objects -color red [get cells wbOutputData reg[*]]

Blue diamond markers show on the output ports, and red diamond markers show on the registers

feeding the outputs, as seen in the following figure.

I Project Summary X | b Device X | % Schematic X

2
Y
[
]
[
&
I,
B
1%
4

¥
b

X
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Zooming out on the Device window displays a picture similar to Figure 50, page 48.

The outputs marked in blue are spread out along two banks on the left side starting with
wbOutputData[0] (on the bottom) and ending with wbOutputData[31] (at the top), while the output
registers marked in red are clustered close together on the right.

To look at all of the routing from the registers to the outputs, you can use the highlight objects Tcl
command to highlight the nets.

Type the following command at the Tcl prompt:

highlight objects -color yellow [get nets -of [get pins -of [get cells\
wbOutputData reg[*]] -filter DIRECTION==0UT]]

This highlights all the nets connected to the output pins of the wbOutputData reg[*] registers as
shown in Figure 51.

In the Device window, you can see that there are various routing distances between the clustered output
registers and the distributed outputs pads of the bus. Consistently placing the output registers in the

slices next to each output port eliminates a majority of the variability in the clock-to-out delay of the
wbOutputData bus.

T Project Summary ¥ | G Device X | ¥7] Schematic X Forox

[ o] =
]
d

hIIIIIIIII

Figure 51: Highlighted Routes

Click the Unhighlight All button . and the Unmark All button % in the main toolbar menu.
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Step 4: Improve Bus Timing through Placement

To improve the timing of the wbOutputData bus you will place the output registers closer to their respective
output pads, then rerun timing to look for any improvement. To place the output registers, you will identify
potential placement sites, and then use a sequence of Tcl commands, or a Tcl script, to place the cells and
reroute the connections.

O RECOMMENDED: Use a series of Tcl commands to place the output registers in the
slices next to the wbOutPutData bus output pads.

1. In the Device window click to disable Routing Resources Al and make sure AutoFit Selection ' is still
enabled on the sidebar menu.

This lets you see placed objects more clearly in the Device window, without the added details of the
routing.
2. Select the wbOutputData ports placed on the I/O blocks with the following Tcl command:
select objects [get ports wbOutputData*]
The Device window will show the selected ports highlighted in white, and zoom to fit the selection. The

view should be similar to Figure 52. By examining the device resources around the selected ports, you can
identify a range of placement Sites for the output registers.

. Project Summary X i 2] Schematic

*] : -

]

4+ |

& [0 715 5
| T | E T | e S
N | S | | I | I | [— —
I | S | I | [N —
e [ ]

L
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Figure 52: Selected wbOutputData Ports
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3. Zoom into the Device window around the bottom selected output ports. The following figure shows the
results.

% Project Summary X | G Device X | #7] Schematic X POrox

+
=
13

r

4 |8

o

W7 |5 R

29

=

Port: whOutputData[0] t
Direction: Qutput f BEL: "AFF'
W8 Net: whOutputData[0] i I Type: REG_INIT
BEL: PAD e t Mumber of pins: 5
Site: ¥21 (fixed) Murnber of input pins: 4
Site type: I0_L7P_T1_13 N Mumber of cutput pins: 1
Sl Tile: LIOB33_X0Y35 i . Site: SLICE_XDY36
Package pin: ¥21 i | b Tile: CLBLL_L_X2¥36
1/0 Bank: /0 Bank 13 i {

=

A
i

B iR | B 3K

¥
3

g

Figure 53: wbOutputData[0] Placement Details

The bottom ports are the lowest bits of the output bus, starting with woOutputData[0].

As seen in Figure 53, this port is placed on Package Pin Y21. Over to the right, where the Slice logic
contains the device resources needed to place the output registers, the Slice coordinates are X0Y36. You
will use that location as the starting placement for the 32 output registers, woOutputData reg[31:0].

By scrolling or panning in the Device window, you can visually confirm that the highest output data port,
wbOutputData[31], is placed on Package Pin K22, and the registers to the right are in Slice X0Y67.

Now that you have identified the placement resources needed for the output registers, you must make
sure they are available for placing the cells. You will do this by quickly unplacing the Slices to clear any
currently placed logic.

4. Unplace any cells currently assigned to the range of slices needed for the output registers, SLICE X0Y36
to SLICE X0Y67, with the following Tcl command:

for {set 1 0} {$i<32} {incr 1} {
unplace cell [get cells -of [get sites SLICE X0Y[expr 36 + $il]]
}

This command uses a FOR loop with an index counter (i) and a Tcl expression (36 + $i) to get and
unplace any cells found in the specified range of Slices. For more information on FOR loops and other
scripting suggestions, refer to the Vivado Design Suite User Guide: Using Tcl Scripting (UG894).
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TIP: If there are no cells placed within the specified slices, you will see warning messages
that nothing has been unplaced. You can safely ignore these messages.

With the Slices cleared of any current logic cells, the needed resources are available for placing the
output registers. After placing those, you will also need to replace any logic that was unplaced in the last
step.

Place the output registers, woOutputData reg[31:0], in the specified Slice range with the following
command:

for {set 1 0} {$1i<32} {incr 1} {
place cell wbOutputData reg[$i] SLICE XO0Y[expr 36 + $i]/AFF
}

Now, place any remaining unplaced cells with the following command:
place design
Note: The Vivado placer works incrementally on a partially placed design.

As a precaution, unroute any nets connected to the output register cells, woOutputData reg[31:0],
using the following Tcl command:

route design -unroute -nets [get nets -of [get cells wbOutputData reg[*]]]
Then route any currently unrouted nets in the design:
route design

Note: The Vivado router works incrementally on a partially routed design.

Analyze the route status of the current design to ensure that there are no routing conflicts:

report route status

Click the Routing Resources button EI' to view the detailed routing resources in the Device window.

Mark the output ports and registers again, and re-highlight the routing between them using the following
Tcl commands:

mark objects -color blue [get ports wbOutputData[*]]

mark objects -color red [get cells wbOutputData reg[*]]

highlight objects -color yellow [get nets -of [get pins -of [get cells\
wbOutputData reg([*]] -filter DIRECTION==0UT]]

In the Device window, zoom into some of the marked output ports.

Select the nets connecting to them.

TIP: You can also select the nets in the Netlist window, and they will be cross-selected in
the Device window.
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In the Device window, as seen in Figure 54, you can see that all output registers are now placed
equidistant from their associated outputs, and the routing path is very similar for all the nets from output
register to output. This results in clock-to-out times that are closely matched between the outputs.

MNetlist [ I E 4 I Project Summary X | G Device X | 7] Schematic X o

= Hi|E] ‘
+-1 toBft[15] (16) =1 Il =5F
+-aff whInputData (32) L0
+_,r whInputData_IBUF (32) &=
+-aff wbOutputData (32)
—+-afl whOutputData_OBUF (32)
...-J_ oy
T El S
o %
_J— 3
= wbOutputData_OBUF[S]

oI whOutputData_OBUF[5] i
o] whOutputData_OBUF[7] >f:_|<
oI whOutputData_OBUF[8] )
. whOutputData_OBUF[S] v
ol wbOutputData_OBUF[10]
ol whOutputData_OBUF[11]
oI whOutputData_OBUF[12] I
oI whOutputData_OBUF[13]
ol wbOutputData_OBUF[14]
oI whOutputData_OBUF[15] B
oI whOutputData_OBUF[18]
oI whOutputData_OBUF[17]
ol whOutputData_OBUF[18] P
ol wbOutputData_OBUF[19]

o whOutputData_OBUF[20]

ol whOutputData_OBUF[21]

oI whOutputData_OBUF[22]

ol whOutputData_OBUF[23]

ol whOutputData_OBUF[24]

w [ _aahitudndhiata ORLIETC] @
& Sources., 3] Netlist

m

Figure 54: Improved Placement and Routing

14. Run the Tools > Timing > Report Datasheet command again.
The Report Datasheet dialog box is populated with settings from the last time you ran it:
o Reference: [get ports {wbOutputData[0]}]

o Ports: [get ports {wbOutputData[*]}]

Implementation www.xilinx.com Send Feedback 53
UG986 (v2015.3) October 14, 2015 [—\/—]


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG986&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Implementation&releaseVersion=2015.3&docPage=53

&

15.

XILINX

ALL PROGRAMMABLE. Lab 3: Manual and Directed Routing

In the Report Datasheet results, select the Max/Min Delays for Groups > Clocked by wbClk >
wbOutputData[0] section.

Examining the results shown in Figure 55, the timing skew is closely matched within both the lower bits,
wbOutputData[0-13], and the upper bits, woOutputData[14-31], of the output bus. While the
overall skew is reduced, it is still over 200 ps between the upper and lower bits.

With the improved placement, the skew is now a result of the output ports and registers spanning two
clock regions, XOYO and X0Y1, which introduces clock network skew. Looking at the wbOutputData bus,
notice that the Setup delay is greater on the lower bits than it is on the upper bits. To reduce the skew,
add delay to the upper bits.

You can eliminate some of the skew using a BUFMR/BUFR combination instead of a BUFG, to clock the
output registers. However, for this tutorial, you will use manual routing to add delay from the output
registers clocked by the BUFG to the output pins for the upper bits, woOutputData[14-31], to further
reduce the clock-to-out variability within the bus.

Timing - Datasheet - timing_2 — O e =
Qa, Z % - @ 4 Max/Min Delays for Groups - Clocked by wbClk - wbOutputData[0]
""" |21 General Information 4 a = Setup Setup Process Hold Hold Process Source Offset
""" 21 Setup/Hold for Input Ports @ S et Edge Corner Hold Edge  Corner to Center
""" 51 Max/Min Delays for Output Ports 3 whOutputData[0] 7.911 Rise sLow 3.303Rise  FAST 0.000
""" 51 Setup between Clodks I whOutputData[0] 7.911Rise  SLOW 3.303Rise  FAST 0.000
& Setup/Hold for Input Buses 3 whOutputData[1] 7.573 Rise  SLOW 3.271Rise  FAST 0.033
= 43 whOutputData[2] 7.875Rise  SLOW 3.269Rise  FAST 0.035
3 whOutputData[3] 7.874Rise  SLOW 3.257Rise  FAST 0.037
- Max/Min Delays for Output Buses 3 whOutputData[4] 7.868 Riss  SLOW 3.251Rise  FAST 0.043
[+ Clocked by whCk 3 whOUtpUtData[s] 7.919Rise  SLOW 3.311Rise  FAST 0.008
""" 51 wbOutputData J whOutputData[s] 7.015Rise  SLOW 3.306 Rise  FAST 0.004
9“"‘? Max;/Min Delays for Groups « whOutputData[7] 7.881Rise  SLOW 3.274Rise  FAST 0.030
(5 Clocked by wbClk 3 whOutputData[8] 7.886 Rise sLOW 3.278Rise  FAST 0.025
=3 < whOutputData[s] 7.914Rise  SLOW 3.306Rise  FAST 0.004
3 whOutputData[10] 7.905Rise  SLOW 3.257Rise  FAST 0.008
< whOutputData[11] 7.897 Rise  SLOW 3.290Rise  FAST 0.014
3 whOutputData[12] 7.891Rise  SLOW 3.284 Rise FAST 0.019
{} mbOuh:utDaiﬁ[lS] 7.942 Rise SLOW 3.335 Rise 0.032
| & whOutputData[14] [ JRise | _--_
{} meuh:utDaiﬁ[lS] 7.723 Rise SLOW 3.235 Rise D 133
3 whOutputData[16] 7.718Rise  SLOW 3.231 Rise FAST 0.193
3 whOutputData[17] 7.681Rise  SLOW 3.193Rise  FAST 0.230
3 whOutputData[15] 7.678Rise  SLOW 3.191Rise  FAST 0.233
3 whOutputData[19] 7.730Rise  SLOW 3.242Rise  FAST 0.181
3 whOutputData[20] 7.723Rise SLOW 3.236Rise  FAST 0.188
3 whOutputData[21] 7.691Rise  SLOW 3.203Rise  FAST 0.220
3 whOutputData[27] 7.687Rise  SLOW 3.200Rise  FAST 0.224
3 whOutputData[23] 7.701Rise  SLOW 3.214Rise  FAST 0.210
3 whOutputData[24] 7.695Rise  SLOW 3.208Rise  FAST 0.215
43 whOutputData[25] 7.634Rise  SLOW 3.208Rise  FAST 0.217
3 whOutputData[26] 7.683Rise  SLOW 3.201Rise  FAST 0.223
3 whOutputData[27] 7.715Rise  SLOW 3.223Rise  FAST 0.195
3 whOutputData[2a] 7.707Rise  SLOW 3.222Rise  FAST 0.204
3 whOutputData[29] 7.705Rise  SLOW 3.221Rise  FAST 0.205
3 whOutputData[30] 7.697Rise  SLOW 3.213Rise  FAST 0.213
3 whOutputData[31] 7.720Rise  SLOW 3.236Rise  FAST 0.190
Worst Case Summary ~ 7.942Rise  SLOW 3.191Rise  FAST 0.233
Bus Skew: 0.233ns
|2 Datasheet - timing_1 x| 5 Datasheet - timing_2 X 4 b+ &=

Figure 55: Report Datasheet — Improved Skew
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Step 5: Using Manual Routing to Reduce Clock Skew

To adjust the skew, begin by examining the current routing of the nets, wbOutputData OBUF[14:31], to see
where changes might be made to consistently add delay. You can use a Tcl FOR loop to report the existing
routing on those nets, to let you examine them more closely.

1. Inthe Tcl Console, type the following command:

for {set 1 14} {$i<32} {incr 1} {
puts "$i [get property ROUTE [get nets -of [get pins -of \

2. Inthe Tcl Console, select the first net with the following command:
select objects [get nets -of [get pins -of \
[get _cells wbOutputData reg[14]] -filter DIRECTION==0UT] ]
3. In the Device window, right-click to open the popup menu and select Unroute.
4. Click Yes in the Confirm Unroute dialog box.
The Device view displays the unrouted net as a fly-line between the register and the output pad.
5. Click the Maximize button = to maximize the Device window.

[get cells wbOutputData reg[$i]]

}

-filter DIRECTION==0UT]]]"

This For loop initializes the index to 14 (set i 14), and gets the ROUTE property to return the details of
the route on each selected net.

The Tcl console returns the net index followed by relative route information for each net:

14 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
15 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGIC1 D1 LIOI OLOGIC1 0Q LIOI Ol }
16 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
17 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGIC1 D1 LIOI OLOGIC1 0Q LIOI Ol }
18 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
19 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGIC1 D1 LIOI OLOGICl 0Q LIOI Ol }
20 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
21 { CLBLL_LL AQ CLBLL_ LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI Ol }
22 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
23 { CLBLL_LL AQ CLBLL_LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI Ol }
24 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
25 { CLBLL_LL AQ CLBLL_LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI Ol }
26 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
27 { CLBLL_LL AQ CLBLL_LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI 01 }
28 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
29 { CLBLL_LL AQ CLBLL_LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI Ol }
30 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICO D1 LIOI OLOGICO 0Q LIOI 00 }
31 { CLBLL LL AQ CLBLL LOGIC OUTS4 WW2BEGO IMUX L34 IOI OLOGICl D1 LIOI OLOGICl 0Q LIOI Ol }

From the returned ROUTE properties, note that the nets are routed from the output registers using

identical resources, up to node IMUX L34. Beyond that, the Vivado router uses different nodes for odd
and even index nets to complete the connection to the die pad.

By reusing routing paths, you can manually route one net with an even index, like
wbOutputData OBUF[14], and one net with an odd index, such as wbOutputData OBUF[15], and
copy the routing to all other even and odd index nets in the group.
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6. Right-click the net and select Enter Assign Routing Mode.

The Target Load Cell Pin dialog box opens, as seen in Figure 56, to let you select a load pin to route to or
from. In this case, only one load pin populates: woOutputData OBUF[14] inst.

g“_ Assign Routing: Target Load Cell Pin @

,'0', Please choose a target load cell pin you want to route to/from. Select 'No Load' if
¥ unsure of target load cell pin.

Cell Fins
1
Mame Dir BEL Pin Cell MNet Delay (ps) Routed
I Input IM whOutputData_OBUF[14]_inst
F T 3 @
Load Net Delays |
| Mo Load | | Exit Mode |

Figure 56: Target Load Cell Pin Dialog Box

7. Select the load cell pin, and click OK.

The Vivado IDE enters into Assign Routing mode, displaying a new Routing Assignment window on the
right side of the Device window, as shown in the following figure.

Device -0 a X

Routing Assignment

Net: [.[ wbOutputData_OBUF[14]

4 Options
Number of hops: 115 [1-20]
Maximum number of neighbors: 1,000% [

| Allow overlap with unfixed nets
Neighbor Nodes

M| Name Base Tile

Assigned Nodes

N Name Base Tile
%2 CLBLL_LL_AQ CLBLL_L_X2Y50
% CLBLL_LOGIC_OUTS4 CLBLL_L_X2Y50
F Net Gap: 1

=, IMUX_L34 INT_L_X0Y50

. I01_OLOGICO_D1 LIOI3_SING_X0Y50
2 LIOI_OLOGIC0_OQ  LIOI3_SING_X0Y50
%, LIOL_00 LIOI3_SING_X0Y50

@ Ready to assign routing

I Assign Routing... | | Exit Mode

Figure 57: Assign Routing Mode
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The Routing Assignment window includes the following sections, as seen in Figure 57:
o Net: Displays the current net being routed.
o Options: Are hidden by default, and can be displayed by clicking Options.

— Number of Hops: Defines how many programmable interconnect points, or PIPs, to look at
when reporting the available neighbors. The default is 1.

— Number of Neighbors: Limits the number of neighbors displayed for selection.

— Allow Overlap with Unfixed Nets: Enables or disables a loose style of routing which can create
conflicts that must be later resolved. The default is ON.

o Neighbor Nodes: Lists the available neighbor PIPs/nodes to choose from when defining the path of
the route.

o Assigned Nodes: Shows the currently assigned nodes in the route path of the selected net.

o Assign Routing: Assigns the currently defined path in the Routing Assignment window as the route
path for the selected net.

o Exit Mode: Closes the Routing Assignment window.

As you can see in Figure 57, page 46, the Assigned Nodes section displays six currently assigned nodes.
The Vivado router automatically assigns a node if it is the only neighbor of a selected node and there are
no alternatives to the assigned nodes for the route. In the Device window, the assigned nodes appear as a
partial route in orange.

In the currently selected net, woOutputData OBUF[14], nodes CLBLL LL AQ and

CLBLL LOGIC_OUTS4 are already assigned because they are the only neighbor nodes available to the
output register, woOutputData reg[14].The nodes IMUX L34, IOI OLOGICO DI,

LIOI OLOGICO 0Q,and LIOI 0O are also already assigned because they are the only neighbor nodes
available to the destination, the output buffer (OBUF).

A gap exists between the two routed portions of the path where there are multiple neighbors to choose
from when defining a route. This gap is where you will use manual routing to complete the path and add
the needed delay to balance the clock skew.

You can route the gap by selecting a node on either side of the gap and then choosing the neighbor
node to assign the route to. Selecting the node displays possible neighbor nodes in the Neighbor Nodes
section of the Routing Assignment window and appear as dashed white lines in the Device window.

TIP: The number of reachable neighbor nodes displayed depends on the number of hops
defined in the Options.
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8. Under the Assigned Nodes section, select the CLBLL LOGIC 0OUTS4 node before the gap.

The available neighbors appear as shown in the following figure.

To add delay to compensate for the clock skew, select a neighbor node that provides a slight detour over
the more direct route previously chosen by the router.

Device

Routing Assignment

Net: | ./ wbOutputData_OBUF[14]

4 Options
Number of hops: 11 - 20]
Maximum number of neighbors: 1,000% [

[¥] Allovs overlap with unfixed nets

Neighbor Nodes (one hop from 'CLBLL_LOGIC_OUTS4
A Name Base Tile
L SEZBEGU  INI_L_X2YdU %

= NL1BEG_N3 INT_L_X2Y50
=, BYP_ALT1 INT_L_X2Y50
=, FAN_ALT4 INT_L_X2Y50
=, NW6BEGO INT_L_X2Y50
=, NW2BEGO INT_L_X2Y50
=, NRIBEGO  INT_L_X2Y50
=, NN6BEGO  INT_L_X2Y50
T, NN2BEGO  INT_L_X2Y50
=, NE6BEGO  INT_L_X2Y50
INT_L_X2Y50)
T IMUX_L9  INT_L_X2Y50
T IMUX_L41  INT_L_X2Y50 -

111

Assigned Nodes

A Name Base Tile

%2 CLBLL_LL_AQ CLBLL_L_X2Y50
. CLBLL_LOGIC_OUTS4 CLBLL_L_X2Y50
fF Net Gap: 1
%2 IMUX_L34 INT_L_X0Y50
2 I01_OLOGICO_D1 LIOI3_SING_X0Y50

LIOL OLOGICO_OQ  LIOI3_SING_X0Y50
= LIOL_00 LIOI3_SING_X0Y50

(@ Ready to assign routing

[ Assign Routing... ][ Exit Mode

Figure 58: Routing the Gap from CLBLL_LOGIC_OUTS4

9. Under Neighbor Nodes, select node NE2BEGO.

This node provides a routing detour to add delay, as compared to some other nodes such as WW2BEGO,
which provide a more direct route toward the output buffer. Clicking a neighbor node once selects it so
you can explore routing alternatives. Double-clicking the node temporarily assigns it to the net, so that
you can then select the next neighbor from that node.

10. In Neighbor Nodes, assign node NE2BEGO by double-clicking it.

This adds the node to the Assigned Nodes section of the Routing Assignment window, which updates the
Neighbor Nodes.
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11. In Neighbor Nodes, select and assign nodes WR1BEG1, and then WR1BEG2.

TIP:
O o In case you assigned the wrong node, you can select the node from the Assigned
Nodes list, right click, and select Remove on the context menu.
. You can turn off the Auto Fit Selection ¥ in the Device view if you would like to

stay at the same zoom level.

The following figure_shows the partially routed path using the selected nodes shown in orange. You can
use the automatic routing feature to fill the remaining gap.

Device =iEl

Routing Assignment

Net: [ . wbOutputData_OBUF[14] |

4 Options
Number of hops: 1T
Maximum number of neighbors: 1,000 [10 - 50000
| Allow overlap with unfixed nets

Neighbor Nodes (one hop from

N Name Base Tile

"2 WR1BEG3 INT_R_X1Y51 -
. FAN_ALT7 INT_R_X1Y51
2 FAN_ALTS INT_R_X1Y51
%L BYP_ALT2 INT_R_X1Y51
. BYP_ALTS5 INT_R_X1Y51
2 NW2BEG2 INT_R_X1Y51
. NN2BEG2 INT_R_X1Y51
% IMUX5  INT_R_X1Y51
% IMUX44  INT_R_X1Y51
% IMUX36  INT_R_X1Y51
% IMUX35 INT_R_X1Y51
% IMUX28  INT_R_X1Y51
% IMUX21  INT_R_X1Y51 -

11

Assigned Nodes

A Name Base Tile
= CLBLL_LL_AQ CLBLL_L_X2Y50
. CLBLL_LOGIC_OUTS4 CLBLL_L_X2Y50
=2 NE2BEGO INT_L_X2Y50
=, WR1BEG1 INT_R_X3Y51
2 WR1BEG2 INT_L_X2Y51
fF Net Gap: 1
= IMUX_L34 INT_L_X0Y50

= 101_OLOGICO_D1 LIOI3_SING_X0Y50
“2 LIOI_OLOGICO_OQ  LIOI3_SING_X0Y50
. LIOL_ 00 LIOI3_SING_X0Y50

@ Ready to assign routing

Assign Routing... H Exit Mode |

Figure 59: Closing the Gap
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12. Under the Assigned Nodes section of the Routing Assignment window, right-click the Net Gap, and
select Auto-Route, as shown in the following figure.

Assigned Nodes

Q

Mame Base Tile

@ Ready to assign routing

T CLELL_LL_AQ CLBLL_L_%2Y50
= CLBLL_LOGIC_OUTS4 CLBLL_L_X2Y50

| »

m

= NE2BEGO INT_L_X2Y50

= WR1BEG1 INT_R_X3Y51

= WR1BEG2 INT_L_X2¥51
MUX_L34 Auto-Route

oI
B I

OI_OLOGICO_D1

& Node Properties. ..

Export to Spreadsheet...

Ctrl+E

[ Assign Routing... ][ Exit Mode ]

Figure 60: Auto-Route the Gap

The Vivado router fills in the last small bit of the gap. With the route path fully defined, you can assign the
routing to commit the changes to the design.

13. Click Assign Routing at the bottom of the Routing Assignment window.

The Assign Routing dialog box opens, as seen in the following figure. This displays the list of currently
assigned nodes that define the route path. You can select any of the listed nodes, highlighting it in the
Device window. This lets you quickly review the route path prior to committing it to the design.
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=

X5

':| Routing for net 'wbOutputData_OBUF[14]" will be assigned

Mame Base Tile

= CLELL_LL_AQ CLBLL_L_X2Y50
=, CLBLL_LOGIC_OUTS4 CLBLL_L_X2Y50

NEZBEGD INT_L_X2YS0
WR1BEG1 INT_R_¥3¥51
WR1BEG2 INT_L_X2¥51
SW2BEG1 INT_R_%1Y51
MUX_L34 INT_L_X0Y50

I
I0I_OLOGICO_D1
LICI_OLOGICO_0Q

LIOI_D0

LIOI3_SING_XO0Y50
LIOI3_SING_X0Y50
LIOI3_SING_X0Y50

! .IH.II.JI.JI.JH.IH.IH.JI

ix Routing

| o

l l Cancel

Figure 61: Assign Routing — Even Nets
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14. Make sure Fix Routing is checked, and click OK.

The Fix Routing checkbox marks the defined route as fixed to prevent the Vivado router from ripping it
up or modifying it during subsequent routing steps. This is important in this case, since you are routing
the net manually to add delay to match clock skew.

15. Examine the Tcl commands in the Tcl Console.

The Tcl console reports any Tcl commands that assigned the routing for the current net. Those
commands are:

set property is bel fixed 1 [

wbOutputData OBUF[14] inst }]

set property is loc fixed 1 [get cells {wbOutputData reg[14]

wbOutputData OBUF[14] inst }]

set property fixed route ({ { CLBLL LL AQ CLBLL LOGIC OUTS4 NE2BEGO WR1BEG1 WR1BEG2
SW2BEGl IMUX L34 IOI OLOGICO D1 LIOI OLOGICO OQ LIOI 00 } } [get nets
{wbOutputData OBUF[14]}]

get cells {wbOutputData reg[l4]

IMPORTANT: The FIXED_ROUTE property assigned to the net,

ﬁ wbOutputData_OBUF[14], uses a directed routing string with a relative format, based on
the placement of the net driver. This lets you reuse defined routing by copying the

FIXED_ROUTE property onto other nets that use the same relative route.

After defining the manual route for the even index nets, the next step is to define the route path for the
odd index net, woOutputData OBUF [15], applying the same steps you just completed.

16. In the Tcl Console type the following to select the net:

select objects [get nets wbOutputData OBUF[15]]
17. With the net selected:
a. Unroute the net.
b. Enter Routing Assignment mode.
c. Select the Load Cell Pin.
d. Route the net using the specified neighbor nodes (NE2BEGO, WR1BEG1, and WR1BEG2).
e. Autoroute the gap.
f. Assign the routing.
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The Assign Routing dialog box, shown in the following figure, shows the nodes selected to complete the
route path for the odd index nets.

al‘;f_=. Assign Routing @

,0| Routing for net 'wbOutputData_OBUF[15]' will be assigned

Mame Base Tile

T, CLBLL_LL_AQ CLBLL_L X2Y51
%, CLBLL_LOGIC_DUTS4 CLBLL_L_X2Y51
=, NEZBEGO INT_L_X2Y51
T, WRI1BEG1 INT_R_X3¥52
T, WR1BEG2 INT_L_X2Y52
T, SWIBEG1 INT_R_X1¥52
T IMUX L34 INT_L_¥0Y51
%, I0LOLOGICL D1 LIOI3 _X0Y51
T, LIOI OLOGIC1 0Q  LIOI3_X0Y51
%, LI0I 01 LICI3_X0Y51
| Eix Routing

[ oK ” Cancel |

Figure 62: Assign Routing — Odd Nets

You routed the wbOutputData OBUF[14] and wbOutputData OBUF[15] nets with the detour to
add the needed delay. You can now run the Report Datasheet command again to examine the timing for
these nets with respect to the lower order bits of the bus.

18. Switch to the Timing Datasheet report window. Notice the information message in the banner of the
window indicating that the report is out of date because the design has been modified.

19. In the Timing Datasheet report, click Rerun to update the report with the latest timing information.

20. Select Max/Min Delays for Groups > Clocked by wbClk > wbOutputData[0] to display the timing info
for the wbOutputData bus, as seen in Figure 63.
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Timing - Datasheet - timing_1 —Oa %
Q\ E % * = @ { Max/Min Delays for Groups - Clocked by wbClk - wbOutputData[0]
""" 21 General Information » a, Setup  Setup Process Hold Hold Process  Source Offset
""" & SetupyHald for Input Ports @ Source Setup Edge Corner Hold Edge  Corner to Center
""" 5) Max/Min Delays for Output Ports <@ whOutputData[0] 7011 Rise  SLOW 3.303Rise  FAST 0,000 ~
""" & setup between Clocks <@ whOutputData[0] 7.911 Rise sLow 3.303Rise  FAST 0,000 [
B+ SetupjHold for Input Buses @ whOutputData[1] 7.878 Rise sLow 3.271Rise  FAST 0.033
& Clodked by whCk < whOutputData[2] 7.875Rise  SLOW 3,060 Rise  FAST 0.035
#1231 whinputData <@ whOutputData[3] 7.374Rise  SLOW 3,267 Rise  FAST 0.037
£ Max/Min Delays for Output Buses <@ whOutputData[4] 7.868 Rise sLow 3.261Rise  FAST 0.043
E+E Qocked by wbCl <@ whOutputData[5] 7.919 Rise sLow 3.311Rise  FAST 0.008
: <&@ whOutputData[s] 7.915Rise  SLOW 3,306 Rise  FAST 0.004
B Max/Min Delays for Groups <@ whOutputData[7] 7.881Rise  SLOW 3.274Rise  FAST 0.020
EHE Clodked by whCk <@ whOutputData[a] 7.886 Rise sLow 3.278Rise  FAST 0.025
B <@ whoutputData[s] 7.914Rise  SLOW 3.305Rise  FAST 0.004
<& whOutputData[10] 7.905Rise  SLOW 3,097 Rise  FAST 0.006
<@ whOutputData[11] 7.897 Rise  SLOW 3.290 Rise  FAST 0.014
<@ whOutputData[12] 7.891Rise  SLOW 3.784Rise  FAST 0.019
<@ whoutputData[13] 7.992Rise  SLOW 3.335Rise  FAST 0.032
I P O I S =T N S 5
e foboupuons | e _frow | s et _
<@ whOutputData[16] 7.718Rise  SLOW 3.231Rise  FAST 0,193 |~
<&@ whoutputData[17] 7.681Rise  SLOW 3.193Rise  FAST 0.230
<& whOutputData[15] 7.678Rise  SLOW 3.191Rise  FAST 0.233
<@ whOutputData[19] 7.730Rise  SLOW 3.242Rise  FAST 0.181
<@ whOutputData[20] 7.723Rise  SLOW 3.236Rise  FAST 0.188
<@ whoutputData[21] 7.691Rise  SLOW 3.203Rise  FAST 0.220
<&@ whOutputData[22] 7.687Rise  SLOW 3,200 Rise  FAST 0,224
<@ whOutputData[23] 7.701Rise  SLOW 3.214Rise  FAST 0.210
<@ whOutputData[24] 7.695Rise  SLOW 3.708 Rise  FAST 0.215
<@ whoutputData[25] 7.694Rise  SLOW 3.208Rise  FAST 0.217
<& whOutputData[26] 7.688 Rise  SLOW 3.201Rise  FAST 0.223
<@ whOutputData[27] 7.715Rise  SLOW 3.228Rise  FAST 0.196
<@ whOutputData[28] 7.707Rise  SLOW 3.222Rise  FAST 0.204
<@ whoutputData[29] 7.705Rse  SLOW 3.221Rise  FAST 0.205
<& whOutputData[30] 7.697Rise  SLOW 3.213Rise  FAST 0,213
<@ whOutputData[31] 7.720Rise  SLOW 3.235Rise  FAST 0.190 |
Worst Case Summary ~ 7.987Rise  SLOW 3.191Rise  FAST 0,233 -
Bus Skew: 0.233ns
| 2 patasheet - timing_1  x 4 b E

Figure 63: Report Datasheet — Improved Routing

You can see from the report that the skew within the rerouted nets, woOutputData[14] and
wbOutputData[15], more closely matches the timing of the lower bits of the output bus,
wbOutputData[13:0]. The skew is within the target of 100 ps of the reference pin

wbOutputData[0].

In Step 6, you copy the same route path to the remaining nets, woOutputData OBUF[31:16], to

tighten the timing of the whole wbOutputData bus.
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Step 6: Copy Routing to Other Nets

To apply the same fixed route used for net woOutputData OBUF[14] to the even index nets, and the fixed
route for woOutputData OBUF[15] to the odd index nets, you can use Tcl For loops as described in the
following steps.

1. Select the Tcl Console tab.

2. Set a Tcl variable to store the route path for the even nets and the odd nets:

set even [get property FIXED ROUTE [get nets wbOutputData OBUF[14]]]
set odd [get property FIXED ROUTE [get nets wbOutputData OBUF[15]]]

3. Set a Tcl variable to store the list of nets to be routed, containing all high bit nets of the output data bus,
wbOutputData OBUF[16:31]:

for {set i 16} {$i<32} {incr i} {
lappend routeNets [get nets wautputData_OBUF[$i]]
}

4. Unroute the specified nets:

route design -unroute -nets SrouteNets

5. Apply the FIXED ROUTE property of net woOutputData OBUF[14] to the even nets:

for {set i 16} {$i<32} {incr i 2} {
set property FIXED ROUTE S$even [get nets wbOutputData OBUF[$i]]
}

6. Apply the FIXED ROUTE property of net woOutputData OBUF[15] to the odd nets:

for {set 1 17} {$i<32} {incr 1 2} {
set property FIXED ROUTE S$odd [get nets wbOutputData OBUF[$i]]
}

The even and odd nets of the output data bus, as needed, now have the same routing paths, adding
delay to the high order bits. Run the route status report and the datasheet report to validate that the
design is as expected.

7. In the Tcl Console, type the following command:

report route status

O TIP: Some routing errors might be reported if the routed design included nets that use
some of the nodes you have assigned to the FIXED_ROUTE properties of the manually
routed nets. Remember you enabled Allow Overlap with Unfixed Nets in the Routing
Assignment window.

8. If any routing errors are reported, type the route design command from the Tcl console.
The nets with the FIXED ROUTE property takes precedence over the auto-routed nets.

9. After route design, repeat the report route status command to see the clean report.
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Examine the output data bus in the Device view, as seen in the following figure:

o All nets from the output registers to the output pins for the upper bits 14-31 of the output bus
wbOutputData have identical fixed routing sections (shown as dashed lines).

o You do not need to fix the LoC and the BEL for the output registers. It was done by the
place cell command in an earlier step.

Implemented Design * - constrs_2 | xc7k70tfbg484-2 (active) b4

E Project Summary X | G Device X

3 Properties

3] Metlist

Figure 64: Final Routed Design

Having routed all the upper bit nets, woOutputData OBUF[31:14], with the detour needed for added
delay, you can now re-examine the timing of output bus.

10. Select the Timing tab in the Results window area.

Notice the information message in the banner of the window indicating that the report is out of date
because timing data has been modified.

11. Click rerun to update the report with the latest timing information.

12. Select the Max/Min Delays for Groups > Clocked by wbClk > wbOutputData[0] section to display the
timing info for the woOutputData bus.

As shown in Figure 65, page 66, the clock-to-out timing within all bits of output bus wbOutputData is
now closely matched to within 83 ps.
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13. Save the constraints to write them to the target XDC, so that they apply every time you compile the
design.

Select File > Save Constraints to save the placement constraints to the target constraint file,
bft full.xdc, inthe active constraint set, constrs_ 2.

Timing - Datasheet - timing_1 — 0O a =
Q E % & P @ 4 MaxMin Delays for Groups - Clocked by wbClk - wbOutputData[0]
""" 121 General Information » a, Setup Setup Process Held Hold Process  Source Offset
""" {21 Setup/Hold for Input Ports @ SR Setup Edge Corner Hold Edge  Corner to Center
""" (21 Max/Min Delays for Output Ports <& whOutputData[0] 7.911Rise  SLOW 3.303Rise  FAST 0.000
""" 51 Setup between Clocks <@ whOutputData[0] 7.911Rise  SLOW 3.303Rise  FAST 0.000
B-5 Setup/Hold for Input Buses <7 whOutputData[1] 7.873 Rise sLow 3.371Rise  FAST 0.033
B Clocked by whClk <@ whOutputData[2] 7.875Rise  SLOW 3269 Rise  FAST 0.035
#[5) whinputData <7 whOutputData[3] 7.874 Rise sLow 3.267Rise  FAST 0.037
{5 MaxMin Delays for Output Buses <@ whOutputData[4] 7.968 Rise  SLOW 3.261Rise  FAST 0.043
= Clocked by whClk <@ whOutputData[s] 7.919 Rise  SLOW 3.311Rse  FAST 0.008
2 whOutputData <7 whOutputData[&] 7.915 Rise sLow 3306 Rise  FAST 0.004
B Max/Min Delays for Groups <@ whOutputData[7] 7.831 Rise sLow 3.274Rise  FAST 0.030
=5 Clocked by wbClk <7 whOutputData[] 7.836 Rise sLow 3.278Rise  FAST 0.025
-3 < whOutputData[s] 7.914Rise  SLOW 3.306Rise  FAST 0.004
<@ whOutputData[10] 7.905Rise  SLOW 3.297Rise  FAST 0.006
<@ whOutputData[11] 7.397 Rise  SLOW 3.290Rise  FAST 0.014
<@ whOutputData[17] 7.891Rise  SLOW 3.284Rise  FAST 0.019
<@ whOutputData[13] 7.942 Rise  SLOW 3.335Rse  FAST 0.032
< whOutputData[14] 7.949 Rise  SLOW 3.328Rise  FAST 0.033
<@ whOutputData[15] 7.987Rise  SLOW 3.366Rse  FAST 0,076 |_
<@ whOutputData[16] 7.981Rise  SLOW 3.360Rise  FAST 0.070 |-
<@ whOutputData[17] 7.945Rise  SLOW 3.323Rse  FAST 0.034
<@ whOutputData[ 18] 7.942 Rise  SLOW 3.320Rise  FAST 0.031
< whOutputData[19] 7.934Rise  SLOW 3.371Rse  FAST 0.083
<@ whOutputData[20] 7.986 Rise  SLOW 3.365Rse  FAST 0.076
<@ whOutputData[21] 7.955 Rise  SLOW 3.333Rise  FAST 0.044
<@ whOutputData[27] 7.951Rise  SLOW 3.330Rse  FAST 0.040
<@ whOutputData[23] 7.955 Rise  SLOW 3.344Rise  FAST 0.054
< whOutputData[24] 7.959 Rise  SLOW 3.338Rise  FAST 0.048
<@ whOutputData[25] 7.958 Rise  SLOW 3.333Rse  FAST 0,047
<@ whOutputData[26] 7.951 Rise  SLOW 3.331Rise  FAST 0.041
<@ whOutputData[27] 7.973 Rise  SLOW 3.357Rse  FAST 0.067
<@ whOutputData[28] 7.970 Rise  SLOW 3.351Rise  FAST 0.059
< whOutputData[29] 7.959 Rise  SLOW 3.351Rise  FAST 0.053
<@ whOutputData[30] 7.961Rise  SLOW 3.343Rse  FAST 0.050
<@ whOutputData[31] 7.984Rise  SLOW 3.366Rise  FAST 0.073
Worst Case Summary ~ 7.994Rise  5LOW 3.261Rise  FAST 0.083 ~
Bus Skew: 0.083ns
|2 Datasheet - timing_1 X 4 3

Figure 65: Report Datasheet - Final

Conclusion

In this lab you:
¢ Analyzed the clock skew on the output data bus using the Report Datasheet command.
e Used manual placement techniques to improve the timing of selected nets.
e Used the Assign Manual Routing Mode in the Vivado IDE to precisely control the routing of a net.

e Used the FIXED ROUTE property to copy the relative fixed routing among similar nets to control the

routing of the critical portion of the nets
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Legal Notices

Please Read: Important Legal Notices

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx products. To the maximum extent
permitted by applicable law: (1) Materials are made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES AND
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF MERCHANTABILITY, NON-
INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether in contract or tort, including negligence,
or under any other theory of liability) for any loss or damage of any kind or nature related to, arising under, or in connection with, the Materials (including
your use of the Materials), including for any direct, indirect, special, incidental, or consequential loss or damage (including loss of data, profits, goodwiill,
or any type of loss or damage suffered as a result of any action brought by a third party) even if such damage or loss was reasonably foreseeable or
Xilinx had been advised of the possibility of the same. Xilinx assumes no obligation to correct any errors contained in the Materials or to notify you of
updates to the Materials or to product specifications. You may not reproduce, modify, distribute, or publicly display the Materials without prior written
consent. Certain products are subject to the terms and conditions of Xilinx’s limited warranty, please refer to Xilinx's Terms of Sale, which can be viewed
at http://www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and support terms contained in a license issued to you by Xilinx. Xilinx
products are not designed or intended to be fail-safe or for use in any application requiring fail-safe performance; you assume sole risk and liability for
use of Xilinx products in such critical applications, please refer to Xilinx's Terms of Sale which can be viewed at http://www.xilinx.com/legal.htm#tos.

© Copyright 2013-2015 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Zyng and other designated brands included herein are
trademarks of Xilinx in the United States and other countries. All other trademarks are the property of their respective owners.
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