PlanAhead Software Tutorial

RTL Design and IP Generation with CORE
Generator

UG 675 (v 12.3) September 21, 2010

& XILINX.



& XILINX.

Xilinx is disclosing this Document and Intellectual Property (hereinafter “the Design”) to you for use in the development of
designs to operate on, or interface with Xilinx FPGAs. Except as stated herein, none of the

Design may be copied, reproduced, distributed, republished, downloaded, displayed, posted, or transmitted in any form
or by any means including, but not limited to, electronic, mechanical, photocopying, recording, or otherwise, without the
prior written consent of Xilinx. Any unauthorized use of the Design may violate copyright laws, trademark laws, the laws
of privacy and publicity, and communications regulations and statutes.

Xilinx does not assume any liability arising out of the application or use of the Design; nor does Xilinx convey any license
under its patents, copyrights, or any rights of others. You are responsible for obtaining any rights you may require for
your use or implementation of the Design. Xilinx reserves the right to make changes, at any time, to the Design as
deemed desirable in the sole discretion of Xilinx. Xilinx assumes no obligation to correct any errors contained herein or
to advise you of any correction if such be made. Xilinx will not assume any liability for the accuracy or correctness of any
engineering or technical support or assistance provided to you in connection with the Design.

THE DESIGN IS PROVIDED “AS IS" WITH ALL FAULTS, AND THE ENTIRE RISK AS TO ITS FUNCTION AND
IMPLEMENTATION IS WITH YOU. YOU ACKNOWLEDGE AND AGREE THAT YOU HAVE NOT RELIED ON ANY
ORAL OR WRITTEN INFORMATION OR ADVICE, WHETHER GIVEN BY XILINX, OR ITS AGENTS OR EMPLOYEES.
XILINX MAKES NO OTHER WARRANTIES, WHETHER EXPRESS, IMPLIED, OR STATUTORY, REGARDING THE
DESIGN, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
TITLE, AND NONINFRINGEMENT OF THIRD-PARTY RIGHTS.

IN NO EVENT WILL XILINX BE LIABLE FOR ANY CONSEQUENTIAL, INDIRECT, EXEMPLARY, SPECIAL, OR
INCIDENTAL DAMAGES, INCLUDING ANY LOST DATA AND LOST PROFITS, ARISING FROM OR RELATING TO
YOUR USE OF THE DESIGN, EVEN IF YOU HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
THE TOTAL CUMULATIVE LIABILITY OF XILINX IN CONNECTION WITH YOUR USE OF THE DESIGN, WHETHER
IN CONTRACT OR TORT OR OTHERWISE, WILL IN NO EVENT EXCEED THE AMOUNT OF FEES PAID BY YOU TO
XILINX HEREUNDER FOR USE OF THE DESIGN. YOU ACKNOWLEDGE THAT THE FEES, IF ANY, REFLECT THE
ALLOCATION OF RISK SET FORTH IN THIS AGREEMENT AND THAT XILINX WOULD NOT MAKE AVAILABLE THE
DESIGN TO YOU WITHOUT THESE LIMITATIONS OF LIABILITY.

The Design is not designed or intended for use in the development of on-line control equipment in hazardous
environments requiring fail-safe controls, such as in the operation of nuclear facilities, aircraft navigation or
communications systems, air traffic control, life support, or weapons systems (“High-Risk Applications” Xilinx specifically
disclaims any express or implied warranties of fithess for such High-Risk Applications. You represent that use of the
Design in such High-Risk Applications is fully at your risk.

© 2010 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are
trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners.

Demo Design License

© 2010 Xilinx, Inc.

This Design is free software; you can redistribute it and/or modify it under the terms of the GNU Lesser General Public
License as published by the Free Software Foundation; either version 2.1 of the License, or (at your option) any later
version.

This library is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public
License for more details.

You should have received a copy of the GNU Library General Public License along with this design file; if not, see:
http://www.gnu.org/licenses/
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The PlanAhead™ software source code includes the source code for the following programs:
Centerpoint XML

e The initial developer of the original code is CenterPoint — Connective Software
e Software Engineering GmbH. portions created by CenterPoint — Connective Software

e Software Engineering GmbH. are Copyright® 1998-2000 CenterPoint - Connective Software
Engineering GmbH. All Rights Reserved. Source code for CenterPoint is available at
http://www.cpointc.com/XML/

NLView Schematic Engine

e  Copyright© Concept Engineering.

Static Timing Engine by Parallax Software Inc.

e  Copyright© Parallax Software Inc.

Java Two Standard Edition

e Includes portions of software from RSA Security, Inc. and some portions licensed from IBM are
available at http://oss.software.ibm.com/icu4j/

e Powered By JIDE — http://www.jidesoft.com

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Free IP Core License

This is the Entire License for all of our Free IP Cores.
Copyright (C) 2000-2003, ASICs World Services, LTD. AUTHORS

All rights reserved.

Redistribution and use in source, netlist, binary and silicon forms, with or without modification, are permitted provided
that the following conditions are met:

e Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

¢ Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

¢ Neither the name of ASICS World Services, the Authors and/or the names of its contributors may
be used to endorse or promote products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS” AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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PlanAhead Software Tutorial

RTL Design and IP Generation with CORE
Generator

Introduction
This tutorial provides an overview of the RTL development and analysis environment, in which you will:

e Import RTL sources using the Text Editor

e Run elaboration to compile the RTL

o Use a variety of RTL analysis features to explore your compiled RTL design. These include:
o Analyzing the RTL logic hierarchy using the RTL schematic
o Estimating RTL resources using power consumption
o Running RTL DRCs.

e Go through the steps to browse the Xilinx® IP Catalog and to customize and implement an IP
core in the design.

Many of the PlanAhead™ software analysis features are covered in more detail in other tutorials, and not
every command or command option is covered. The tutorial uses the features contained in the
PlanAhead software product, which is bundled as a part of the Xilinx ISE® Design Suite.

Sample Design Data

This tutorial uses sample design data that is included with the PlanAhead software release package. The
tutorial design data is located in the following directory:

<ISE_install_Dir>/PlanAhead/testcases/PlanAhead_Tutorial.zip

Extract the zip file into any write-accessible location. The location of the unzipped
PlanAhead_Tutorial datais referred to as the <Extract_Dir> throughout this document.

The tutorial sample design data is modified while performing this tutorial. A new copy of the original
PlanAhead_Tutorial data is required each time you run the tutorial. Refer to the Tutorial Description
section for more information about the example design.

£ XILINX. www.xilinx.com 7
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Xilinx ISE and PlanAhead Software

By default, the PlanAhead software is installed with the ISE Design Suite. Ensure that the PlanAhead
software is operational and the sample design data is installed before beginning the tutorial. For
installation instructions and information, see the ISE Design Suite 12: Installation, Licensing, and Release
Notes on the Xilinx website: http://www.xilinx.com/support/documentation/sw_manuals/xilinx12_3/irn.pdf.

Required Hardware

Xilinx recommends 2 GB or more of RAM for use with PlanAhead software on larger devices. For this
tutorial a smaller design was used and a limited number of designs open at any one time. 1 GB of RAM
should be sufficient, but it could impact performance.

PlanAhead Documentation and Information

For information about the PlanAhead software, please see the following documents, which are available
with your software:

e PlanAhead User Guide (UG632) - Provides detailed information about the PlanAhead software.
http://www.xilinx.com/support/documentation/sw_manuals/xilinx12_3/PlanAhead UserGuide.pdf

e  Floorplanning Methodology Guide (UG633) - Provides floorplanning hints.
http://www.xilinx.com/support/documentation/sw_manuals/xilinx12_3/Floorplanning_Methodology Guide.pdf

e Hierarchical Design Methodology Guide (UG748) - Provides an overview of the PlanAhead
hierarchical design capabilities.
http://www.xilinx.com/support/documentation/sw_manuals/xilinx12_3/Hierarchical Design Methodology Guide.pdf

e For additional information about PlanAhead, including video demonstrations, go to
http://www.xilinx.com/planahead

Tutorial Description

The small sample design used in this tutorial has a set of RTL design sources consisting of Verilog and
VHDL. The VHDL sources are from multiple VHDL libraries. The design used throughout this tutorial
contains:

e ARISC processor

e Apseudo FFT

e Gigabit transceivers

e Two USB port modules

e An xc6vIx75tff784-1 device

A small design is used to allow the tutorial to be run with minimal hardware requirements and to enable
timely completion, as well as to minimize the data size.

If you have any questions or comments with regards to this tutorial, contact Xilinx Technical Support.

8 www.xilinx.com £ XILINX.
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Tutorial Objectives

The objectives of this tutorial are to familiarize you with the RTL development and analysis process using
the PlanAhead software.

Tutorial Steps

Step 1 Creating a New RTL Project

Step 2 Using the Sources View and the Text Editor
Step 3 Elaborating and Analyzing the RTL Design

Step 4 Estimating Resource Utilization and Power

Step 5 Run RTL Design Rule Checks (DRCs)

Step 6 Selecting IP from the Xilinx IP Catalog

Step 7 Customizing and Instantiating IP

Step 8 Generating IP

£ XILINX. www.xilinx.com 9
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Step 1: Creating a New RTL Project Step 1

PlanAhead software enables several project types to be created depending on where in the
design flow the tool is being used. RTL sources can be used to create a project for development
and analysis, synthesis, implementation, and bit file creation.

=S

XILINX.

Mo Project

1-1. Open the software.

. On Windows, select the Xilinx PlanAhead 12 Desktop icon or Start > Programs > Xilinx
ISE Design Suite 12.3 > PlanAhead > PlanAhead.

. On Linux, change the directory to
<Extract_Dir>/PlanAhead_Tutorial/Tutorial_Created_Data, and type,
planAhead.

The PlanAhead Getting Started Help page opens.

Qll PlanAhead 12.3
File Tools Window Help
b X
Getting Started Documentation
/‘ Create New Project oL I what's New
J@ e Project Wizard will guide you through the process of selecting = Impartant information regarding this release of PlanAhead,
design sources and a target device For a new project.
/'ﬂ Open Project & User Guide
-‘_. _’ E Open any previously created project, w More detailed info on Planahead commands, dialags, and buttons,
/5- Open Recent Project - Methodology Guides
II". g Open one of the most recently used projects. w Further assistance adopting Planahead Flaws,
Vol
Open Example Project === PlanAhead Tutorials
> Open one of the tutarial projects. m Invaluable For Firsk time users or to try new Features,
Cans
B 1l console |

Figure 1: The PlanAhead Getting Started Page

Notice that the PlanAhead Getting Started page contains links to open or create projects and

view the documentation.

1-2. Create a new RTL project called project_rtl using the RTL source files in
the <Extract_Dir>\PlanAhead Tutorial\Sources\hdl directory.

1-2-1. Select the Create New Project link on the Getting Started page.

1-2-2. In the Create a New PlanAhead Project confirmation dialog box, click Next.

The Project Name page of the New Project wizard opens.

10 www.xilinx.com £ XILINX.
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(8 Mew Project

Project Mame

Enter a name for wour project and specify a directory where the project data files will be
stored

Praoject name: | prl:njecl:_rt|| |

Project location: |C:'I,F'Ian.ﬁ.head_Tut-:urial'l,Tut-:uriaI_Createu:l_Data | E]

Project will be created at: C:\Planfshead_Tukariall Tutorial_Created_Datatproject_rtl

< Back. ” Mext = ][ Cancel

Figure 2: Project Name Page

1-2-3. Browse to and select the following folder:
<Extract_Dir>\PlanAhead_Tutorial\Tutorial_Created_Data.

1-2-4. Use the default Project name: project_rtl, then click Next.

The Design Source page opens.

(3 New Project @
Design Source
Specify the bype of sources For your design, You can start with RTL or a synthesized EDIF g&j

Specify RTL Sources
®
‘ou will be able to run RTL analysis, synthesis, post-svnthesis design analysis, planning and implernentation.

[] Impart settings Fram =5T or Synplify praject

O specify synthesized (EDIF or NGC) netlist
‘'ou will be able to run post-synthesis design analvsis, planning, and implementation,

O Create an [} Planning Project
Do not specify design sources. You will be able to do port assignment and werification.

Import 1SE Place & Route results
ou will be able to do post-implementation analysis of your design.

< Back ” Mext = ]l Cancel

Figure 3: Electing to Import RTL Sources

£ XILINX. www.xilinx.com 11
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1-2-5. Click the Specify RTL Sources option, and click Next.
The Add/Create Sources page opens.

@8 New Project

Add/Create Sources (

Specify HOL files, or directories containing HOL files, to add to wour project. Create a new source File on disk
and add it to wour project, You can also add and create sources later,

Id Mame Library Location
53] 1 hdl wark C:\Plandhead_Tutorial\Sources
[ Add Files. .. ][ Add Directories. .. ][ Create File. ..

Copy Sources inka Project

&dd Sources from Subdirectories

[ < Back " Mext = I[ Cancel

Figure 4: Selecting Sources to Add to the Project

1-3. Add directories and files.

1-3-1. Select the Add Directories button and browse to select the following directory:
<Extract_Dir>/PlanAhead_Tutorial/Sources/hdI.

1-3-2. Verify that the Copy Sources into Project and Add Sources from Subdirectories options are set to
on.

1-3-3. Adjust the page so that it is identical to Figure 4, and click Next.
The Add/Create Constraints Files page opens.

12 www.xilinx.com £ XILINX.
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(8 New Project

Constraint Files {optional)

Specify UCF file For physical and timing constraints, IF there are multiple files then please choose the target fﬁ
UCF file, which is where all of the constraints produced by Planghead will be saved. N

Constraint files {optional}

Y iData\Planshead_DesignsiPlandhead _Tutorial\Sourcestop,ucf

[ AddFiles... |[ Create File...,

Copy Sources inko Project

[ « Back ][ Mext = ][ Cancel

Figure 5: Selecting Constraint Files to Add to the Project

1-4. Add a constraints file.

1-4-1. Select the Add Files button and browse to select the following file:
<Extract_Dir>/PlanAhead_Tutorial/Sources/top.uct.

1-4-2. Click Open.
1-4-3. Click Next.
The Default Part page opens.

£ XILINX. www.xilinx.com
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(8 Mew Project

Default Part
Choose a defaulk ¥ilin part for wour project, This can be changed later,

Filker
Product |.ﬁ.II v| Package I.ﬁ.ny v|
Family |.ﬁ.|| - | Speed Grade |.ﬁ.n~,.f - |
Sub-Family |.ﬁ.II - | Temp Grade |.ﬁ.ny - |
Search: |EL |
Device I/ Pin Count | 3Slices  LUT Elements  FlipFlops | Elock R&Ms  D3Ps  Gh
@ vyl 7St 454-2 434 11640 46560 93120 234 288 8 A
@ vyl 7St 454-3 434 11640 46560 93120 234 Zoomn o
& GLFFPE-1 11640 [46560
@ vyl 7SHF7Ee-2 754 11640 46560 93120 234 283 12 —
i bl TSHF7E4-3 74 11640 46560 93120 234 zag 12 @B
< | =
< Back ” Mext = l [ Zancel ]
Figure 6: Selecting a Family and Default Part
1-5. Select a default part.
1-5-1. Select the xc6vIx75tff784-1 device, and click Next.
1-5-2. Review the New Project Summary page, and click Finish.
The PlanAhead Environment opens.
14 www.xilinx.com £ XILINX.
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Step 2: Using the Sources View and the Text Editor Step 2

The PlanAhead software allows different file types to be added as design sources, including
Verilog, VHDL, and NGC format cores. The files display by category in the Sources view. A Text
Editor is supplied to create or modify RTL sources.

2-1. Explore the Sources view and Project Summary.

2-1-1. Examine the information in the Project Summary. More information will be displayed as the
design progresses.

2-1-2. Examine the Sources view.
2-1-3. Collapse the Verilog Folder by clicking on the minus sign (-) next to it (Figure 7).

il

Sources p— X

[=-{= Design Sources (104)
+ | Werilog (97
=+ YHDL (7)

=il wark, (7
-l @ round_4.whdl
-l @ round_3.whdl
-l @ round_2.whdl
-l @ round_1.whdl
-l @ care_transform,vhdl
-~ @ bft_package, vhdl
e bFt,vhdl
[=-{= Constraints (1)

'm canskrs_1

‘.Y o top.ucf (target)

Figure 7: Viewing Sources Grouped by Type

Notice the Design Sources are grouped by file type.

2-1-4. Right-click on one of the VHDL source files and select Source File Properties from the popup
menu.

2-1-5. View the source file information in the Source File Properties view (Figure 8).

£ XILINX. www.xilinx.com 15
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o
3

Sources e )
Q2|2 EEE
== Design Sources (104}
| Yerilog (97
=7 WHDOL (7)
=l woork (7

=5 Constraints (1)
[=h-fm conskrs_1

..... HY @ top.ucf (target)

oy
#

Source File Properties )
¢ HL

il round_4, vhd|

Location: C:1Planahead_Tutoriall Tutorial_Created_Datalprojec

Type: |'-.-'HDL m |

Library: ark, -

Size: 2.7 kb

Modified: 611010 9:45:06 AM

Copied To: project_rtl.sresisources_1iimportsihdlibreLib

Copied From:  Ci\Planahead_TutoriallSourcesthdl\bFELibround 4. «H
Copied On: 610010 9:46:06 AM

Figure 8: Viewing the Source Files Properties

2-1-6. Close the Source file Properties view by clicking on the X button in the view banner.

16 www.xilinx.com £ XILINX.
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2-2. Set the VHDL Library to bftLib for selected VHDL Sources.

2-2-1. In the Sources view, use the Shift key to select all VHDL sources except the bft.vhdl file.
2-2-2. Right-click the selected items and select Set Library.

2-2-3. In the Specify Library dialog box, type bftLib, and click OK.

Notice the selected files are now shown under the bftL.ib VHDL library folder (Error! Reference
source not found.).

Sources iz fiad]

Q= maiEE
== Design Sources [ 104)
+ | Werilag (97
& YHDL (7)
=i bftLib (63
i e round_4.vhdl
ifit e round_3.vhdl
fil @ round_Z.vhdl
i@ round_1.vhdl
'-'h @ core_kransform,whdl
i o bFt_package.vhdl
=l wark (17

@ e bFt.vhdl
=)= Conskraints (1)

=Nr=) conskrs_1

L.HY @ top.ucf (target)

0y
S

Figure 9: Setting the VHDL Library

2-3. Explore the Sources view commands.
2-3-1. Select one of the VHDL sources in the Sources view.

2-3-2. Right-click to review the available commands in the Sources view pop-up menu. To dismiss it,
press the Esc key.

£ XILINX. www.xilinx.com 17
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2-4. Use the Text Editor to view Source file content.

2-4-1. In the Sources view, double-click on one of the VHDL source files to open it in the Text Editor.

2-4-2. Right-click in the Text Editor to view the available popup commands.

2-4-3. Select the Find in Files popup command to invoke the Find in Files dialog box.

(8 Find in Files

Target
(& Al files in project

Opkions
[ ] Match case
[ ] Match whole word

[] Use:

[] search disabled Files (0}
Search source files (9)
Search constraint Files (1)
Search repart files (0}

Direckion
(¥ Forward
() Backward
CIrigin

Find l [ Close

Figure 10: Using the Find in Files Command

2-4-4. Type clk and click Find.

The Find in Files view displays in the messaging area at the bottom of the PlanAhead

environment.

18

Find in Files - Occurrences of 'clk in all praject: files (3077) — O g =
Q|| =-Found usages (3077 usagss) A
= w8 C\Plandhead _Tutorial Tukorial_Created_Datalproject_rHiproject_rtl srestsources_1importsthdlwb_conmastwb_conmax_top.y (54 usageas)
z CiPlandhead _Tutorial\Tutorial_Created_Dataiproject_rtliproject_rtl srestsources_importsihdlwwb _conmaxhwb_conmax_slave_if v (15 usac
=l CiPlandhead_Tutorial\Tutorial_Created_Data\project_rtliproject_rtl srestsources_1importsihdlweb _conmaxhwb_conmax_rf.ov (21 usages)

(26, ) clk_i, rst_i,

Vinputelk_i, rst_i;

(214, 13) always @(posedge clk_j)

(217, 13) always @(posedge clk_i)

(221, 13) always @(posedge clk_i or posedge rsk_i)

(226, 14) always @(posedge clk_i or posedge rsk_i)

Le[231, 14) always @(posedge clk_i of posedge rsk_j) b
< ¥[8
Occurrences of "clk’ in all project files (3077} = 4 F B

2 7d Consale || 2 Reports | 45 Find in Files
Figure 11: Viewing the Find in Files Results

www.xilinx.com
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2-4-5.

2-4-6.
2-4-7.

2-5.

2-51.
2-5-2,

2-5-3.
2-5-4.
2-5-5.

2-5-6.
2-5-7.

In the Find in Files view, expand and select one of the Occurrences of c1k and notice that the

Text Editor now displays the file and occurrence.
In the Find in Files view banner.
In each of the open RTL file tabs in the Text Editor.

Create a new RTL source file and import a template.

PlanAhead enables new Verilog or VHDL source files to be created. Standard Xilinx templates

can be used a starting point for a variety of logic and code constructs.

In the Flow Navigator under Project Manager, select Add/Create Sources

Select the Create File button in the Add/Create Sources dialog.

The Create Source File dialog box opens (Figure 12).

(8 Create Source File

\ir) Create a new source file and add it ko wour project

File bype, name & location

File bype: |'-,'_§" Yerilog

4

File name: | ey _nieva_File

File location; !0 | <Project Sources Direckary =

1

(] 4

l [ Cancel

Figure 12: Create Source File Dialog Box

In the File name field, type my new_file.
Click OK.
Click OK in the Add/Create Sources dialog.

Notice that the new empty file is now listed in the Verilog folder in the Sources view.

In the Sources view, double-click my_new _file.v to open it in the Text Editor.

Right-click and select the Insert Template popup command in the Text Editor to open the Insert

Template dialog box (Figure 13).

£ XILINX. www.xilinx.com
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G Insert Template

Terplates Previgw
= = 1
(=i Werilog 2.5
--II—J Device Primitive Instantiation 35
-1 Device Macra Instantiation 4.
I Spartan-6 5/
(-1 Virkex-5 6/
=4 Virkex-6 7
= RAM 8./
2 Single Port RA&M (BRAM_SINGLE_MACRO) 9
|2 simple Dual Port RAM (BRAM_SDP_MACRO) 10 7
True Dual Port RAM (BRAM_TDP_MACRO) 11
: & 1z
& synchronous FIFQ (FIFO_SYMNC_MACRO) 13
[+ D3P43 14
(-1 Simulation Construcks 15
[+ Synthesis Constructs 5
[#H-15 Common Constructs 17
[+ User Templates
B4 WHDL U
-5 UCF 13
20
21

Ers

~
FIFQ DUALCLOCK MACRD @ In order to incorporate th.
Verilog ! the following instance dec
instarce ! in the body of the design |
declaration : (FIFD DUALCLOCKE MACRO inst,

code ; parenthesis mey be changed =

: connect this function to &
: and outputs must be connhec

] Cut code below this line————z

A FIFQ DUALCLOCE, MACRCD: Iual Clock First-In, Fir,
I Virtex—d

/¢ Xilinx HOL Language Template, versiom 14.1

FIFO0 DUALCLOCK MACRD #1
LALMOST EMPTY OFFSET(9'h080), // Sets the almo.
LALMOST FULL_OFFSET(3'h080), ./ Sets alwost £
.DATA_WIDTH({0}, // Valid waluss are 1-7Z (37
.DEVICE ("VIRTEXE"), // Target device: "VIRTEX
.FIFO_SIZE ("18Eb"), // Target BREAM: "1dkb" or

T TTATT. WMAT T MTRATTATT Srrma T amrers e mono w2

i | »

L Ok ] [ Cancel

Figure 13: Insert Template Screen

2-5-8. Expand the Verilog folder to examine the types of templates available, select one, and click OK.
Notice the template text is now inserted in the new source file.

2-5-9. Close the Text Editor by clicking the X button in the view tab.

2-5-10. In the Save Text Editor Changes dialog box, click No.
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Step 3: Elaborate and Analyze the RTL Design Step 3

PlanAhead provides RTL elaboration capability to compile RTL source files in the project.
Displayed compilation errors and warnings are cross-selectable to the lines that are in error in
the RTL code. The RTL logic hierarchy is expanded and available for analysis. Once elaborated,
all of the RTL views enable cross-selection of logic objects. Opening the RTL Design from the
Flow Navigator will automatically elaborate the RTL design and present the Design Planner and
I/O Planner view layouts.

o The RTL Netlist and Hierarchy views display the logic hierarchy of the design.
e The RTL Schematic enables interactive logic exploration.
e The Find command enables searching of RTL logic objects.

e The Instance Properties view displays information about the selected logic instantiation including
resource estimation.

o The RTL DRCs highlight potential areas of the design to improve power or performance.
3-1. Elaborate and Open the RTL Design using top as the top-level module.
3-1-1. In the Flow Navigator, select the RTL Design button.

3-1-2. In the Top Module dialog box, type top in the Top Module Name field and click OK to start the
elaboration (Figure 14).

(8 Top Module @

Top Maodule Marne:

[ Ok, H Cancel ]

Figure 14: Top Module Dialog Box

The RTL design elaborates and the Elaboration Messages view opens (Figure 15).

Elaboration Messages O a =

=
[co)
pdig
=]

-3 InfFarmation: Analysis completed successfully with O errars and 259 warnings (8/18/10 10:51:37 &M) S

) Information: 259 warnings

I C:%PlanAhead_Tutorial' Tutorial_Created_Dataproject_rtl'project_rtl.srcs'sources_1%imports' hdlhasync_fifo.v (0 errors, 4 warnings)
[ WARNING (1100 Result of 11-bit expression is truncated to fit in 10-bit target,

WARNING (110): Result of 9-bit expression is truncated ta fit in 8-bit target.

WARNING (126): Result of 11-bit expression is truncated ko fit in 10-bit target.

0 WARNING (126): Result of 9-bit expression is kruncated ta fit in 8-bit target.

lanAhead_Tutorial', Tutorial_Created_Data'project_rtlproject_rtlsrcs'sources_1%imports'hdl\FifoBuffer.w (0 crrors, 1 warning)

WARNING (S4): Port almost_empty is not connected to this instance

" PlanAhead_Tutorial', Tutorial_Created_Data'project_rtlproject_rtlsrcs'sources_1imports'hdlframe_check.w (0 errors, 1 warning)

0 WARNING (310): Result of 10-bit expression is kruncated ka fit in 9-bit target,

) C:PlanAhead_Tutorial® Tutorial_Created_Data'project_rtl,project_rthsrcs'sources_1%imports' hdlvymgt_usrclk_source.y (0 crrors, 7 warnings)
T W ADRTRES {AEY: Aecionmant ko meb connackad §innerad  cines Fha idankfiar ic nawar nead i

2 Tl Console | & Elaboration Messages | |5 Reports

Figure 15: Viewing Elaboration Messages
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3-2. Review the various Elaboration Warnings.
& .

Notice that there are no Errors in the design. If there were errors messages, they would display in
the filtered list.

3-2-1. In the Elaboration view, click the Hide Warning Messages button

3-2-2. In the Elaboration Messages view, click the Hide Warning Messages button again to display the
Warnings.

3-2-3. In the Elaboration Messages view, click one of the Warning messages. The offending line in the
RTL file displays in the Text Editor. The Source file is opened, if needed.

3-2-4. Close the Elaboration Messages view by clicking the X button in top right corner of the view
banner.

3-2-5. Close the Text Editor by clicking the X button of all open RTL files.

3-3. Examine the RTL logic hierarchy.

3-3-1. Inthe RTL Netlist view, expand the usbEngine0 instance by clicking the plus sign (+) next to it.
3-3-2. Select the usbEngine0/u0 instance.

3-3-3. Right-click and select the Show Definition popup command.

In the Text Editor notice that the RTL file containing the usbg_utmi_1if module instantiation is
opened (Figure 16).

RTL Design - rtl_1

RTL Metlist — O o x 0 | ttorial_Created_Datalproject_rthproject_rtl srestsources_1iimportsihdliusbfiusbf _utmi_if v
= 7|E .| 133 =
T ushEngineD fusbf_fop) - o il3dmodule usbf utwi if{ ° UIMI Interface (EXTERNAL)
. Nets (948 - 135 phy_clk, rst,
| Primitives (36) =136 Datalut, TxValid, TxReady,
uk (FifoBuffer 3 AL Fx¥alid, Bxictive, RxError, Dataln,
shf _utmi_if) -aﬁ 138 Howlelect, Termfel, SuspendM, Line3tate,
ul {usbf_pl{SSRAM_HADR=14)) =l139 OpMode, usb_vbus,
uZ {usbf_mem_arb{35RAM_HADR=14)) X 140
@
u4 (ushf_rf) .5,§J 141 /4 Internal Interface
uS (ushf_wh) & 14z rx_data, rx_walid, rx_actiwe, rx_err,
usbEngineSRAM (rtR.amidataiidth=32, addriwidth=15)) L, 143 tx_data, tx_valid, tx_valid last, tx_ready,
¢ Ol | 4| l44 tx_first,
& sources - 52 RTL Netlist Physical C.. | £ Timing Con.. 2 et _
146 A4 Misc Interfaces
Instance Properties - 0O g = 147 mode_hs, ush_reset, ush_suspend, ush_attached,
\;‘ . ?} [ 148 resume req, suspend clr
P | 2 = -
: 145 1:
4w 150
| 151 input phy_clk:
Full Marme:  usbEngined/ud 152 sinput ik
Parent: usbEngined 153 input rat:
Cell: usbf_utrmi_if 154
Type: Cithers 155 output [7:0] Datalut;
156 output reg TxValid:
157 input TxReady; w
£ >
General | Statistics | Pins | Children | Attributes | Connectivity @ Device % | T Praject Summary % | @ usbf_utmi_if.¥ < 4 b E

Figure 16: Viewing the RTL Logic Hierarchy

3-3-4. Inthe RTL netlist view, right-click and select the Show Source popup command, and see that the
RTL line containing the usbf_utmi_if code opens in the Text Editor.
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3-3-5.

3-3-6.
3-3-7.

3-4.

3-4-1.

3-4-2.

3-4-3.
3-4-4.

In the RTL view, right-click and select the Show Hierarchy popup command.

The RTL Hierarchy view opens with the selected module highlighted. The modules display with
rectangles sized relative to the amount of logic contained in them, making it easy to locate large
modules (Figure 17).

RTL Metlist = g e
= H[E
= [E] usbEngined (usbf_top) ~
+- [ Mets (945)

Primnitives (56 e
dma_aut (FifoBuffer)
0 (ushf_ukmi_ify

Mets (57) — — —
Frimitives (1) e R N N
][] ull {usbf_utmi_ls) A I
ol El ot fachF RlESSDARM HARD—1d% é _'._-“I ‘ m”.
4 > |
- . = 0 D SRR b R TERC I ol AN W
& Sources 54 RTL Netlist | Bl Physical C.. | & Timing Can..
. . AUFRCRCTEEEE EN0 K S O (o GICMGY || o
nskance Properties — O o =
¢ & ElL | [ |
w [ [

Full Mame:  usbEngine0ful

Parent: ushEngine0
Cell: usbf_utmi_iF
Type: Others
< @
General | Statistics | Pins | Children | Attributes | Connectivity @ Device x| L Project Summary 3¢ | &8 usbf_top.v < | i RTLHierarchy x| 4 | B

Figure 17: Displaying Modules in the RTL Hierarchy View

In RTL Hierarchy tab, click the X button.
In the Text Editor, click the X button for all open RTL files.

Examine the RTL Schematic.

In the RTL Netlist view, expand and select the usbEngine0/u0/u0 instance (the level below the
previous selection).

Select the Schematic button in the RTL Netlist view, or right-click and select the Schematic
popup command.

Inside the u0 module, double-click the LineState pin to expand the logic.

Zoom Fit the RTL Schematic view.

Hint: This can be done using a cursor stroke: click and drag the left mouse button in the RTL
Schematic view from the lower right to the upper left (Figure 18).
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usbEngined
Y UL
a uo
LineState[1]_PWR_372_o_equal_2-=rMode[1:0]
all:0 _|Suspendh
k| wa“m“d@g _|Termsel
resume_reg| RTL |2 _ [HevSelect
rst| —EauE _ |drive_k
r_active| p line_state_r _lmode_hs
be_ready| —>c|ﬁ1ﬂ] _|suspend_clr
- ush_vhus " ush_attached
@ e d[1:0] o[ 0] = e
e _lush_reset
é[]:D] _|ush_suspend
TRTL wide fdrse_2
ushf_utmi_ls
ushbf_utmi_if
ushf_top

<

@ Device x| I Project Summary % | 2] RTL Schematic

@
4 b

Figure 18: Viewing the RTL Schematic

3-4-5. Outside the u0 module double-click on the LineState pin to expand the logic (Figure 19).
3-4-6. Zoom Fit the RTL Schematic view.
\i_, ~
ushEngine0
ud
| Linestate_r uld
| o LineState[1] PWR_372_0_egual 2Qehocl1:0]
0] 0] LineState{1:0] a0l L _|Buspend
-9[1:30[‘1:01 q rasuma_rzi: \’tsnmubn:@ :;:Z:;Se:alct
TRTL wide_fdrse_2 Al AL _GiejuEl 2 rive,_k
ny rx_active| y line_state_r jiode_hs
: tx_reacy| il c\rk“'m _ |suspend_clr
@
s[1:0] _ |usb_suspend
T RTL wide_fdrse_2
ushf_utmi_ls
ushf_utmi_if
ushf_top
< > Cv)
& Device % | E Project Summary 3| % RTL Schematic 4 b E
Figure 19: Expanding Logic in the RTL Schematic View
Further schematic exploration capabilities are covered in the PlanAhead Tutorial: Design Analysis
and Floorplanning for Performance (UG676).
3-4-7. On the left side of the RTL Schematic view, select the RTL_wide_fdrse_2 instance.
3-4-8. Inthe RTL Schematic view, right-click and select the Show Source popup command to see that
the RTL file with the logic definition displays.
3-4-9. Close the Text Editor and the RTL Schematic.
=
3-4-10. In the RTL Netlist view, click the Collapse All button. ==
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3-5. Use the Find command to locate RTL Block RAM logic.

3-5-1. Click the Find button in the main toolbar CE? or select Edit > Find to open the Find dialog box

(Figure 20).
28 Find E3
Find: [Instances =
Criteria
Tvpe - | |is * | |Block RAM w
[ Match Case
(0.4 ] [ Cancel ]
Figure 20: Searching for RTL Logic using the Find Dialog Box
3-5-2. Examine the Find filter options.
3-5-3. Set the Criteria to Type is Block RAM, and click OK.
The Find Results view displays (Figure 21).
Find Results - Instances - Tyvpe is 'Block RAM' (36) — O
a, Id T Cell Pins
f.J‘ i ] 1 cpuEnginefor 1200 _immu_topforl 200_immu_tbfitb_me_ram/rambla_s1d  RAMBIG_S15 50
& i | Z cpuEngineor1200_immu_topfor1 200_immu_tlbfitdb_tr_ramframblé_s36  RAMEBIG_S36 a5
[l 3 cpuEnginear1200_ic_topfor1200_jc_ram/ic_ramdrambla_s9_0 RAMBLIG_59 33
[l 4 cpuEngine)arl200_ic_topfor1200_ic_ram/fic_ramd/rambl6_s9 1 RAMBLIG_S59 33
[l 5 cpuEngineor1200_jc_topfor1200_jc_ram/ic_ramdrambla_s9_2 RAMBLG_59 33
| & cpuEngine/or1200_jc_top/or1200_jc_ramic_ramdframblé_s9_3 RAMBLE_S9 33
[ ] 7 cpuEngine)or1200_dmmu_topfor1200_dmmo_tib/dtlb_mr_ram/rambilé_s18 RAMEIG_S18 50
| & cpuEngineor1200_dmmu_topfor1Z200_dmmu_tlb/dtlb_tr_ramframble_s36 RAMEIG_S36 a5

Instances - Type is "Block RAM' (36)

Figure 21: Find Results for RTL Block RAM Search

0

m |[O%

Notice that the Find Results view displays the results of the search and selects one of the Block

RAMs in the list.

3-5-4. Right-click and select Show Source.

Notice the instance is selected in the RTL Netlist view and displayed in the Text Editor.

3-5-5. Close the Find Results view and the file in the Text Editor.
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Step 4. Estimating Resource Ultilization and Power Step 4
4-1. Examine the Resource Estimation options.
4-1-1. Select the Resource Estimation command in the Flow Navigator.
The Resource Estimation view is displayed (Figure 22).
E L

Resource Utilization

Estimated resources are compared with xcévlx7SEFF7E4-1,

Confidence Level: High

Reqisker
Available:

Estimation:

LuT

Available:

Estimation:

Block Memary

Available:

Estimation:

Block Arithrmetic

Available:

Estimation:

Clock Manager

Avyailable:

Estimation:

igahit IO
Available:

Estimation:

L8]

Available:

Estimation:

[ 193120
- 17757 (19% of available) top

[ ] 46560
E- 125161 (54% of available) bop

[ 1 234
[ ] 134 (579 of available) kop

[ ] 2588
E- 36 (12%: of available) top

[ 16
E-1 14 (66%: of available) kop

[ 112
[E-1 18 (66%: of available) top

[ ] 360

- 143 (399 of available) kop

MNCOTE: This netlist has no demand For EMAC, PCI Express, Global Clock Buffer therefore these resources are

nok shown,

i Device ® | %, Project Summary 3 | (5] Resource Estimation =

4 - B

Figure 22: Viewing the RTL Resource Estimation

4-1-2. Expand the Block Memory Estimation tree and others to explore the hierarchical chart report.

4-1-3. Close the Resource Estimation view by clicking on the X icon in the Resource Estimation tab.
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4-2. Examine resource estimates for RTL instances.

4-2-1. Inthe RTL Netlist view, select top and see that the RTL Macro Resources displays in the Netlist
Properties view (Figure 23).

4-2-2. |If the Netlist Properties view is not displayed, right-click and select the Netlist Properties popup
command.

Metlist Propetties

¢

B

[5* top

RTL Macro Resources

Macro type Flop

RO

O K

LuT BRAM D3P43

Bitwise Logic 0o 3503 1]
Unary Logic ] 220 1]
Arichrnetic 0o 4937 0
Compatatars 0 4862 1]
Mulkiplesxers 0 9993 n
Shifters 0 261 0
Storage 17757 324 134
Total 17757 24155 134

RTL Hierarchy Resources

Child Flap
cpuEngine 1= s
FFEEngine a0z
matEngine 715

usbEnginen 4633
usbEnginel 4633
wharbEngine o4&

Primitives 4
R.TL Primitive Statistics
Primitive tyvpe

1-hit Bikwise Logic
Z-hit Bitwise Logic
4-hit Bitwise Logic
14-hit Bitwise Logic
16-hit Bitwise Logic
Z0-hik Bitwise Logic

LuT BRAM DsP4g

4851 30
2095 16
710 16
G214 36
G213 36
3165 n
4 1]
Counk

2225

1

32

1

&4

3

32

Lo I s [ e Y s Y o |

*

Figure 23: Viewing RTL Resource Estimates

4-2-3. Scroll down the Netlist Properties to examine the information including RTL Memory Resources,

RTL Hierarchy Resources, RTL Primitive Statistics, Net Boundary Statistics, and Clock Report.

4-2-4. Inthe RTL Netlist view, select any of the other modules and examine the same estimates for the

selected module. You may need to click the Statistics tab in the Instance Properties view.
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4-3.
4-3-1.

4-3-2. Accept the default Toggle and Enable Rate values and click OK.

Estimate Power consumption for the RTL design.
Click Power Estimation in the Flow Navigator.

The Power Estimation dialog box opens (Figure 24).

(8 Power Estimation

j) Eskimate power consumption based on the RTL design and

part xcEwl:FSEFFFS4-1. Mote that the settings will be
maodified accordingly based on a vectarless analysis of the
design.

Logic Setkings

Logic Toggle Rate:

IDE Setkings

Input Toggle Rate: I 12,58 %
Oukbput Toggle Rate: 12,5 % | %
Eidir Toggle Rate: 125 % | %
Oukput Enable Rate: 100 = | e
Eidir Enable Rate: 5005
Oukbput Load: S| pF
DSP4E Setkings
OSP4 Toggle Rate: 125

BRAM Settings

ERAM Toggle Rate: S0 % | %
BRAM Write Rate: 50 5| %
ER.AM Enable Rate: R IS

Clock Gating Opkimizations Settings

Clock Enable Rate: 100 )% | %

o]
=

[ Cancel

Figure 24: Power Estimation Settings

4-3-3. The Power Estimation view opens (Figure 25).
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(g

~
Power Summary
Estimated power consumption is shawn Far xcéylx7SEFF7E4-1. A vectorless RTL analysis is used with applied
constraints, with the resources taken from the RTL resource estimation. Moke that this is an early estimation and
can change after implementation,
Takal Power; 3363 mW [ Transceiver: 1396 mv [41%:)
Arnbient Temperature: 50 °C H% o 177 mi (5%
Effective S14: 2.2 "Clw o, [1Care Dynamic -mare: 740 mi (2290
Junction Temperature: 5&.4 °C 9, [ Dervice Static: 1050 mb [51%:)
o
Confidence Level: High
31%
Power Utilization
Clock
Utilization #0173 mW (5% of tokal) bop
I
Utilization  &-@ 177 mW (5% of tokal) bop
Laogic
Utilizakion  F-@ 71 mW (2% of tokal) top
Block Memary
Utilization - 357 my (10% of tokal) kop
Block, Aithrmetic
Utilization  [#-18 mWW {=1% of tokal) top
Clock Manager
Utilization -0 131 i (3% of tokal) top
Gigabit 10
Utilization - [ 1396 W (41%: of tokall top
MOTE: EMAC, PCI Express have no estimated power consurnption and are therefore not shown, v
& Device % | I Project Summary = | =) Power Estimation <

1 I B

Figure 25: Power Estimation for the RTL Design

4-3-4. Scroll down and expand the Utilization trees for the various types of resources.

4-3-5. Close the Power Estimation view.
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Step 5: Running RTL Design Rule Checks Step 5

PlanAhead provides Design Rule Checks (DRC) that can be run on the RTL Design. These
include LINT-style RTL checks for power or performance improving suggestions.There are also
basic I/0 bank and voltage rules for the RTL Design. Once the design is synthesized, a more
comprehensive set of logic design, I/O, and clock DRCs is available for the Netlist Design.

5-1. Run DRCs.
5-1-1. From the Flow Navigator or the Tools menu, select Run DRC.
5-1-2. In the Run DRC dialog box, expand and examine the RTL rules (Figure 26), and click OK.

8 Run DRC x|

Results Mame: | resulks_1 |

Cukput File: | | E]

Rules to Check: 37 of 37
AEZ
= Al Rules (27)
G- Bank (16)
- DCI(2)
-0 10E (9)
=0 RTL(10)
= Power (4)
- ¥ Constantly enabled synchronous RAM (RPRC)
[ Inefficient dangling BRAM port (RPRM)
~[w#] Shallow RAM implerented in Block RAM (RFRS)
¢ befed Inefficient mapping of small multiplisr in DSP black (RPDS)
= Performance (6]
[ Inefficient library element instantiation (FPWL)
[ Missing pipeline reqister (RPPR)
[ Inefficient pipeling reqgister (RPIF)
¥ Found Black Box instance not belonging to UMISIM library (RPE:)
[ Found lakch in design (RPLD
- Found combinatarial laop in design (RPCL)

|

Select Al H Clear all ]

I Ok l [ Cancel

Figure 26: Running RTL DRCs

The DRC Results view opens (Figure 27).
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DR Results - results_1 (2 violations) — O o =
S| mame Seweritys 1 Details
=I-[= Al Wiolations (2}
B RTL (23
o =17 Performance (2]
3 =% Found lakch in design (RPLDY
\ i RPLD #1 ‘W arning & lateh 'demp[0], dtrp[t], dtmp[2], dtmpl3], dtmp(4], dtmp[S], dtmp(6], dtmpl?], dtmp(8], dtmp[9],...
i S arning & lakch 'fit_read' is found in design. Please review RTL to see if this is inkended.
@ results_1 {2 violations) > 4 I B

Figure 27: Viewing RTL DRC Results

The RTL Results viewer shows Errors, Warnings, and Informational messages as follows:
o Errors with a red icon
o Warnings with an orange icon
o Informational messages with a yellow icon
5-1-3. Select the RPLD #1 latch warning in the list.

Notice the Violation Properties view displays with information about the violation and links to
select the offending logic objects.

5-1-4. In the Violation Properties view click the dtmp[0] link, and see that the logic object is selected in
the RTL Netlist view.

5-1-5. In the RTL Netlist view, select the Show Source popup menu command (or press the F7 key) to
invoke the Text Editor.

5-1-6. Close the DRC Results view and any open Text Editor views.

5-1-7. Close the RTL Design by selecting the X button in the RTL Design view header, and then click
OK in the confirmation dialog box.
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Step 6: Selecting IP from the Xilinx IP Catalog Step 6

PlanAhead is integrated with the CORE Generator software tool to provide an IP Catalog with
search and filtering capabilities to easily find the desired IP. Once located, you can customize,
instantiate and implement the core directly from the PlanAhead environment. Access to the IP
Catalog is provided in both the Project Manager and RTL Design environments.

6-1. Open the IP Catalog and explore the search options.
6-1-1. Select IP Catalog from the Flow Navigator.
6-1-2. Expand some of the IP categories.

6-1-3. Select an IP and explore the available toolbar buttons and pop-up menu commands (Figure 28).

A Search:
=
=2 pame 1 Wersion 2 AxI4 Skatus License
!3_1' H-[= Autornative & Industrial
0k + BaseIP
- + Basic Elements
& + Communication & Metworking
e + Debug & Yerification
| ¥ Digital Signal Pracessing
ﬂ]: + FPGEA Features and Design
+ Math Functions

Memaries & Skorage Elements

®| | &0 Fros

Memory Interface Generators

ﬂ:ﬁ - RAMs & ROMs {¥ Customize IP...
El + Standard Bus Interfaces e
=4[ Video &1 P i '
e g s A @ Compatible Families
Daka Sheet
Crekail
e Wersion Information
Marme: Fifo Generator &
Version: 7.2 Answer Records
Interfaces: AXI4-Stream, AxI4-Lite 1
&y IP Catalog Sekkings
Description: The FIFO Generatar is & first-ingfirst-out memaory quede, I supp
readjwrite clock domains, fixed and programmable Full and empt @ Update IP Catalog
selectable memory tvpes, The FIFD Generator also supparts pa Export to Spreadsheet...
including support For asymmetric read and write port widths,
Skatus: Production
- 1 1 1 v
¥, Project Summary % | 1F IP Catalog 4 b B

Figure 28: Browse the IP Catalog
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6-1-4.

6-1-5.

6-1-6.
6-1-7.
6-1-8.

Notice the Details for the selected IP are displayed at the bottom of the view. By default, only the
IP that is current and available for the device family selected is displayed.

SE
Note: To view all IP, toggle the Hide Superseded and Discontinued IPs button §\ and Hide
incompatible IPs button & To view a flattened list of IP, toggle the Group by Category toolbar

button .

Type fir in the Search field at the top of the view.

Select a FIR Compiler IP and click the Data Sheet button ‘El
Wait a few moments for the datasheet to open and then examine it and close the PDF viewer.

Clear the Search field to expand the Catalog list.

£ XILINX. www.xilinx.com 33



PlanAhead Software Tutorial RTL Design and IP Generation with CORE Generator

Step 7: Customizing and Instantiating IP Step 7

7-1. Customize a simple adder IP.

7-1-1. Click the Group by Category button.

7-1-2. Expand the Math Functions > Adders & Subtracters folder.

7-1-3. Double-click on the Adder Subtracter to run the Customize IP command.

This will invoke the CORE Generator tool and present the customization interface for the IP
selected. Various IP have different types of interfaces (Figure 29).

% Adder Subtracter, g@@
Wiew
1P Symbol B X o
LogiC-F Adder Subtracter e
Cormponent Hame c_addsub_w11_0_0
Implement using Fabric v
& Input Type Signed i
B Input Type Signed v
A Input Width 15 Range: 2..256
B Input Width 18 Range: 2..256
Add Mode Add v
AL1AD)] m—it Qutput Width 18 Range: 18..19
B 7] e 5[17:01]
Latency Configuration Marual ~| Latency |1 Range: 0..252
CLK—>
[ Constant Input Constant Valus 000000000000000000 (Biry

Control
Clack Enable (CE)

[ Carry In (C_IN} Carry Out (C_OUT) Borrow InfOut Sense  |Active Law
[] Synchronous Clear (SCLR)

[] Synchronous Set (SSET)

[ Synchronaus Init (SINIT) Tnit Yalue 0 (Hex)
[ Bypass Bypass Sense Active High
Synchronous Set and Clear(Reset) Priority Reset Overrid
Synchronous Controls and Clodk Enable(CE) Priarity Sync Override
Bypass and Clock Enable(CE) Priority CE Owverrides |
Paower-on Reset Init Value 0 (Hex)
Y P Symbal | Information enerate ] [ Eoixel ] l [iEE

Figure 29: Customize IP using CORE Generator

7-1-4. In the B Input Width field, type 18.
7-1-5. Click Generate.

Clicking the Generate button has a different effect when launched from PlanAhead than when
running Core Generator standalone. In standalone mode, CORE Generator automatically
launches XST to synthesize the IP core. When launched from PlanAhead, the synthesis step is
not run automatically, which enables you to instantiate and configure the core in your RTL before
launching synthesis. You can synthesize the IP at any time or launch synthesis on the design and
the IP are synthesized first automatically.
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7-2. Instantiate the adder IP.

==
7-2-1. In the Sources view, click the Collapse All button e and then expand the IP folder.

7-2-2. Expand the IP folder and then expand the ¢_addsub_v11_0_0 IP.

7-2-3. Double-click the c_addsub_v11_0_0.veo file to view the instantiation template in the Text

Editor (Figure 30).
Project Manager
Sources — O o % .Zj Tutorial_Created_Dataiproject_rtlproject_rtl. srestsources_13phc_addsub_v11_0_0%c_addsub_v11_0_0.veo Read Only
A T 2|2 gl EE |2 e
15 Design Sources (106) s 26 % (o) E?pyrlght 1995-2009 Xilimnx, Inc. w
" | Verilog (93] _'\. 27 411 rights reserved. i
| YHOL (7) |28 /
P (L) ) 29 // The following wust be inserted into your Verilog file for thi=s
4Fe c_addsub_v11_0_0(4) = |30 /¢ core to be instantiated. Change the instance name and port connections
2 31// (in parentheses) to your own signal names.
L X 3z
;---sﬁo c_add _| .gg:J 33/ Begin Cut here for IN3STANTIATION Template ---// INST_TAG
gl o coregen.log G 34 addsub_vll 00 YourInstancelane |
7 Constraints (1) 35 .ala), // Bus [14 : 0]
B constrs_1 FYED .b(b}, ¢/ Bus [17 : 0]
¥ |37 .clkiclk),
i .cefce),
39 .s(s)); /7 Bus [17 : 0] |
40
4l /4 INST_TAG_END -----—- End INSTANTIATION Template -—-—-------
42
43 /4 You must compile the wrapper file c_addsub_wvll 0 0. when simulating
44 /¢ the core, c_addsub_wll 0_0. When compiling the wrapper file, be sure to e
< >
E Project Summary > | £F IP Catalog % | o5 c_addsub_v11_0_0.veo - Read Only x 4 b B

Figure 30: Viewing the Instantiation Template

[

7-2-4. Select the text in the Text Editor, as shown above, and select the Copy button
7-2-5. In the Sources view, expand the Verilog folder.

7-2-6. Scroll and double-click the top. v file to open it in the Text Editor and scroll to the bottom of the
file just before the endmodule text.

=n

e

7-2-7. Select the line just above the endmodule statement and select the Paste button

7-2-8. Change the YourinstanceName text in the template to my_adder (Figure 31).

£ XILINX. www.xilinx.com 35



PlanAhead Software Tutorial RTL Design and IP Generation with CORE Generator

\_;} 445 S UIMT Interface -
44 .phy_clk pad i(phy clk pad 1 i), .phy_rst pad o
d 445 Jatalut _pad o(Datalut_pad 1 o), .TxValid pad o
4465 BxWalid pad i(PxValid pad 1 i), .Bxbctive pad :
ﬂ 447 .I’ataln pad_i(Dataln pad 1 i), .Xcvielect_pad o
.| 448 CAuspendd pad of{Juspendd pad 1 o _temp), .Linedt:
- 449 .OpMode_pad_o(0OpMode_pad 1 _o_temp), .usbh_vbus p:
Ej 450 LControl_Load_pad o(VControl_Load pad 1 o), .WI
*_:] 451 Iz
% 452
453 c_addsub_wll 0 0 my adder |
/-?_? 454 .afa), A Bus [id : 0]
| 455 Lbiby, A Bus [i7 @ &)
— 455 clkiclk),
4| 457 .ceicei,
= | as3 .5(3)); /# Bus [17 : 0]
459
460 endmodule w
£ | *
¥, Project Surmmary = | g5 c_addsub w1l 0 0.veo = | we bopy * = 4 B

Figure 31: Instantiate IP in Your Design

7-2-9. Change the .clk port definition to use the existing cpuClk clock signal (Figure 32).

455

45h6

457 c_addsub_wll 0 0 ny addr |

455 .ala), /¢ Bus [id : 0]

459 .b(b), /# Bus [157 : 0]

Aa0 Lolk(epulClk) ,

461 .celce],

A6 .28}y A7 Bus J157 : 0]

463

a6

465 endmodul e

d66

<

] Find:| a, b, ce, s () Find Mext (2 Find Previous [=] H

@ Device = | &, Project Summary 3 | W8 bopsy = | go) c_addsub w1l 01

Figure 32: Modify the clk signal to use the cpuClk clock signal

7-2-10. Scroll to the top of the top.v file and add the IP ports (a, b, ce, s) to the module port definition
(Figure 33).
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indheaditestcasesiPlanAhead_TutorialiProjects project_cpu_hdlpraject_cpu_hdl. srestsources_1imparksihdlitap. s

A S
d9module topi

r a0 cpuClk, whClk, usbClk, £frClk,
=a| 51 reset,
3 52 TILEO_FEFCLE_PAD N _IN, TILEQD_REFCLE_PaD P _IN, TILEl_REFCLE_PAD N _IN, TI
A 155 TILEZ: FEFCLE_PiD' N IN, TILEZ REFCLE_Pal P IN, TILE3 REFCLE_PAD N IN, TI
= 54 GTPRESET_IN, TILEO PLLLEDET OUT, TILEl PLLLEDET OUT, TILEZ PLLLKDET OUT
X| s5 FXN_IN, FXP_IN, TxN_O0UT, TxP_OUT,
1 56 phy clk pad 0 i, phy_rst_pad 0_o,
‘ﬁ a7 Datalut_pad 0_o, Tx¥alid pad 0 o, TxReady pad 0 i,
—| 5 FxWalid pad 0_i, Fxéctive _pad 0 i, BExError pad 0 i,
E 59 Dataln pad 0_i, Xcvielect pad 0 o, Term3el pad 0 o,
- | 60 JuspendM pad 0 o, Lineitate_pad 0 3,
| &l OpMode_pad 0 o, ush_vbus_pad 0 i,
62 ¥Control Load pad 0 o, VContraol pad 0 o, Vitatus pad 0 i,
63 phy_clk pad 1 i, phy _rst pad 1 o,
ad Datalut_pad 1 o, Tx¥alid pad 1 o, TxFeady pad 1 i,
() FxWalid pad 1 i, Fxéctive _pad 1 i, ExError pad 1 i,
a6 Dataln pad 1 i, Xcvielect pad 1 o, Term3el pad 1 o,
a7 SuspendM pad 1 o, Line3tate pad 1 i,
aa OpMode_pad 1 o, usbh_vbus_pad 1 i,
a9 ¥Control Load pad 1 o, VContral pad 1 o, Vitatus pad 1 i,
70 orlzZ00_clmode, orlZ00 pic_ints, orlZ00_pm out, &, b, ce, =
T1:
Ta “
£ >
El Find:|a, b, ce, s (@) Find Mext (2 Find Previous [=] Highlight [ ] Match Case
@ Device = | &L Project Summary 3 | w8 bopy = | g c_addsub w11 0 Owveo = 4 b+ B3

Figure 33: Add IP Ports to the top-level module port list

7-2-11. Define the new ports in the top.v file. Add the following text as shown in Figure 34.

fscratchflocalBuildsfplanahead_12 _2 jtestcases,/Plandhead_TutorialfProjectsfproject_cpu_hdl/project_cpu_hdl. srcsfsources_1fimport

69| ® & X & i) F

OpMode_pad_1_o, ush_vbus_pad_1_1, B
WCantrol_Load_pad_1_o, Wontrol_pad_1_o, Wstatus_pad_1_1,

orl200_clmode, orl200_pic_ints, orl200_pm_out,

a, h, ce, =

s addr pads
input [14:0] a;
input [17:0] b;
input ce;
output [17:0] =;

S0 clock and reser pads
input cpuclk, whilk, ushClk, Ok,
input reset;

Figure 34: Define IP Ports in top.v file
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7-2-12. The top.v file should look exactly like it does in Figure 34.

7-2-13. To close the top. v file, click the X icon in the tab and select Yes to save changes.
7-2-14. To close the .veo template file, click the X button in the tab.

7-2-15. To close the IP Catalog, click the X button in the tab.
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Step 8: Generating IP Step 8

8-1. Generate the IP and explore the logic in the Schematic.

8-1-1. In the Sources view, right-click the c_addsub_vxx_x top-level file, and select Generate IP. Wait
for the IP to synthesize.

After the IP generates, notice the Compilation Messages view displays information about the IP
compilation

The RTL Design needs to be opened.
8-1-2. In the Flow Navigator, click the RTL Design button.
8-1-3. Inthe RTL Netlist view, expand and select the my_adder module.

Note: If the a black box icon appears in the RTL Netlist, review the Elaboration messages and go
back and check the top.v file for errors. Rerun the Elaborate command until the IP appears in the
RTL Netlist.

8-1-4. From the toolbar or popup menu, select the Schematic command

8-1-5. In the Schematic view, double-click on the instance to expand the inside logic (Figure 35).

RTL Design - rtl_1 - x f784-1 (active) Design Planner
RTL Metlist — 0O g = & A~
= H|E
B2 top [
[ ) Netks (974 ’
[ 1) Primitives (117 18 BLI2
¢ CpuUEngine (or1200_top) e .
- [T fftEngine (FFtTap) & a[14.J]
mgtEngine (rmgkTop) e b[17:0] S[17:0]

dder {c_addsub_w11_0_0)
| Mets (53] ¥ ce
) Primitives (2] ._';. = clk

sbEnginen {usbf_top) d“}
sbEnginel fusbf_top) X

[H--[@] wharbEngine (wh_conmax_top{dw=32, aw=32,rf _ady

c_addsub_v11_0_0_c_addsub_v11_0_xst 1

v
< =] < »@
£ Sources | £ Timing .. | B Physica.. 2 RTL Ne.. @ Device | I Project Summary < | %2] RTL Schematic x 4 b B

Figure 35: Analyzing the IP Logic in the Schematic

8-1-6. Close the Schematic view.
8-1-7. Select File > Exit. If prompted, click No to save and OK to close PlanAhead.
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Conclusion

In this tutorial, you used a small RTL project to examine the PlanAhead RTL development and analysis
environment. You started by creating an RTL project, explored RTL sources and the RTL editor. You
elaborated the RTL design, and explored the analysis capabilities, which included examining the RTL
logic hierarchy, RTL schematic exploration, searching for logic types, reviewing RTL resource and power
estimates and running RTL DRCs. You then examined the Xilinx IP Catalog, and customized, instantiated,
and implemented a small adder IP core.
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