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Chapter 1

Vivado Tutorial: Designing with IP

Overview

The Vivado™ Design Suite provides an IP-centric design flow that helps you quickly turn
designs and algorithms into reusable IP. As shown in the figure below, the Vivado IP catalog is a
unified IP repository that provides the framework for the IP-centric design flow. This catalog
consolidates IP from all sources including Xilinx® IP, IP obtained from third parties, and end-
user designs targeted for reuse as IP into a single environment.

IP Catalog

Source (C, RTL, IP, etc)
Simulafion models s
Documentaion IP Packager Sz U ser
Example Designs 3d Party IP Design

Testbench

User IP

— )

The Vivado IP packager is a unique design reuse feature based on the IP-XACT standard. IP
packager provides any Vivado user the ability to package a design at any stage of the design flow
and deploy the core as system-level IP.

In this tutorial, you will do the following:

e Lab 1: Open an existing Vivado IDE design that has a missing IP, create a customized
version of the IP from the IP catalog, and instantiate the customized IP into the design.

e Lab 2: Create a new Vivado IDE project, include an IP from the IP catalog as the top-
level source, customize and verify the IP, then netlist the IP for inclusion in another
design.

e Lab 3: Open the completed Vivado IDE project, use IP packager to package the design as
IP, add the new IP to the IP catalog, then verify the new IP through synthesis and
implementation.

Designing with IP www.xilinx.com 5
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Software Requirements

This tutorial requires that the 2012.2 Vivado Design Suite software release or later is installed.

Hardware Requirements

The supported Operating Systems include Redhat 5.6 Linux 64, Windows 7 and Windows XP (32
and 64 bit).

Xilinx recommends a minimum of 2 GB of RAM when using the Vivado tool.

Tutorial Design Description

The example design used in Lab 1 consists of a modified version of the Xilinx wave_gen design
that has a missing IP. In Lab 3, you will package the completed wave_gen design as an IP
module and add it to the Vivado IP catalog.

Locating Tutorial Design Files

You can find the design files for this tutorial next to the associated document file on the Web

e <www.xilinx.com> -> Support > Product Support & Documentation > Design
Tools > See All Vivado Design Suite Documentation > Vivado Design Suite -2012.2
Tutorials (http://www.xilinx.com/support/documentation/dt vivado.htm)

After downloading the file ug939-design-files.zip, extract the contents to any write-accessible
location on your disk. This tutorial assumes that you are extracting the data files to the C drive.

Note: You will modify the tutorial design data while working through this tutorial. You should
use a new copy of the original ug939-design-files directory each time you start this tutorial.

Designing with IP www.xilinx.com 6
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Lab 1: Designing with the IP Catalog

In this exercise, you will learn how to use the IP catalog in the Vivado Integrated Design
Environment (IDE). You will be using a version of the Xilinx wave generator sample design; it is
lacking a FIFO which you will customize, generate, and instantiate.

Step 1: Invoke the Vivado IDE

Invoke the Vivado IDE by clicking on the Vivado desktop icon or by typing vivado at a terminal
command line.

Step 2: Open the project_wave_gen_ip Project

Select Open Project from the Getting Started page and browse to the area you extracted the
ug939-design-files. Navigate to the lab_1/project_wave_gen_ip directory, and select
project_wave_gen_ip.xpr as shown below. Click OK.

4. Open Project [éj
Look in: | project_wave_gen_ip | =R ARG B
project_wave_gen_ip.cache Hecaniiiiiesinies
Rgﬁé:t project wave_gen ip.data 1 C:/ug939-design-files/lab_1/project_wave_gen_ip -
tems project_ wave_gen_ip.runs File Preview
! project_wave_gen_ip.srcs Name: project wave gen ip.xpr
= L project_wave_gen_ip.xpr Directory: C:/ug939-design-filesdab_l/project wave gen ip
=R Modified: Wednesday 07/11/12 02:04 PM
Size: 980 bvtes
Type: Vivado project
My
Documents
__.‘ File name: project_wave_gen_ip.xpr
1o ) : -
Computer Files of type: \Vivada, PlanAhead, and ISE Project Files (.ppr, xpr, xise) x| -_Cance\
Designing with IP www.xilinx.com 7
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Step 2: Open the project_wave_gen_ip Project

The design will load and you will see the Vivado IDE with the project information as shown

below.

#- project_wave_gen_ip - [Cug939-design-files/lab_1/project wave_gen_ipfproject_ wave_gen ipxpr] - Vivado 2012.2 EA

Flow Havigator

o XM

4 Project Manager
) Froject Settings.
&% Add Sources
iF 1P Catalog

= Simulation
@ Simulation Seltings
L ®un Samulation
&) Upen Stabic Simulation

# RTL Analysis
(&2 Open Elsharated Desgn

4 Synthests
s Synthesis Sollings
§ sun Synthes:
B Ope

& Trnpileeentation
& Implarmantation Settings
[P Fun Implementation

@ Open Implenented Des

4 Frogram and Debug
& Ditstream Sattings
# Cenurate Bitstream

1

#

File Edit Flow Tools Window Layout View Help
A omeaRhx bR &K I G By

e |
| K| & Ready
Project Manager  project_wove_gen_ip %
Sources S e HEIE L Project summary x oW x
- Y o [ ==
| mb %) I ] | @ Project Seltings Edit (2 Mussages 2
s (0 1 Wik |
Massages: () Lwarning Project name: project_wave_gen_ip Sumemary: 0 errers
& Design Saurces (2 = Product family:  Kintex-7 0 critical warnings
Verilog Header (1 % .
¥ @4 wave_gen [wave genv) (1 = Preject part: Eefkagatffguon-3 {8 1 verning
I} & Congtraants (1] Top module name: wove gen
Hierarchy | IF Sources | Libraries  Compile Order = Synthesls (Ready) % < Implementation (feady) #
£ Sources | ' Templates
Fart: wCAGEffge00-2 Fart: wcfkIzanfiguon-2
Fraperties - Strategy: Vivado Implementation Defaults
+ 4+ Flow: Y !
Design Runs = R
| name Part Constraints  Strategy Status Frogress Start
v [ b gymith_1 we7k3I250Fq000-2 constrs 1 Vivade Synthesis Defaults (Vivede Synthesis 2012) Mot started 0%
o = impl_t TIPSO conedrs_ 1 Vivado Tmplernartation Defaults (Vivado Enplementation 2012) Nat starked [ 10%
»
4
»
L]
=
LE rm|
’ £ Td Conscle Messages | | Log | 4 Reports, 14 Deslgn Runs

Since this is an RTL project, you can do behavioral simulation, elaborate the design, or launch
synthesis. The Vivado IDE also offers a one-button flow so you can generate a bitstream, which
will automatically launch synthesis and implementation.

Designing with IP
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Step 3: Launch the IP Catalog

1. Select IP Catalog from the Flow Navigator in the Project Manager area. The IP Catalog
displays in a new tab as shown below:

L Project Summary X |iF IP Catalog X [m]

|
— 3

Name ! Versior% AX4 Status License
[#= Automotive & Industrial
[+ AXI Infrastructure
=~ BaselP
+-[= Basic Elements
[+ Communication & Networking
[+ Debug & Verification
[+ Digital Signal Processing
[+ = Embedded Processing
[#[= FPGA Features and Design
[+ Math Functions
-|.—. Memories & Storage Elements
[+ Standard Bus Interfaces
[ Video & Image Processing

M
x

0
u
m
g
g
3
o0

|| B e | @ B Y e T B

Details

L »

-

O

You can work with the IP Catalog in a variety of ways. You can search using keywords in
the search box or browse through the catalog in the various categories.

2. Type FIFO in the search box and press Enter.

Step 4: Select and Customize the FIFO Generator

1. From the Memories & Storage Elements > FIFOs group select FIFO Generator.

=+ Memories & Storage Elements
2+ FIFOs

19.2 |AXH-Stream, AXH, AXH4-Lite

2. To customize this IP, double click on it or right click and select Customize IP. The FIFO
Generator is displayed in the Customize IP window.

This presentation in the Customize IP window is typical of IP delivered with the Vivado
IDE. The device symbol is on the left with only the enabled ports displayed. You can
display all ports by checking the Show Disabled Ports box. This device symbol view has
zoom capabilities using mouse strokes with the left mouse button. This device view
changes as you customize the IP.

Designing with IP www.xilinx.com 9
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Step 4: Select and Customize the FIFO Generator

As shown below, you can right-click on the @ button in the upper-right corner, to get
more information about the selected IP.

X
2 Version Information

@ Product Webpage

License

® Product Guide

Answer Records
I LI
3. The first tab sets the interface type, Intf. Type. This design requires the native interface,

which is the default. Change the Component Name to char_fifo from the default name of
fifo_generator v9 2 0.

4. Select the Impl. Type tab. This configures the implementation type of the FIFO. In this
tab, you set what type of memory you want to use and if you want independent clocks.

For this design, you want Independent Clocks Block RAM. Select this from the drop
down menu as shown below.

FIFO Implementation &
Choose the FIFO implementation from one of the following:

Fifo Implementation | Independent Clocks Block RAM
Supported Features |Common Clock Block RAM

Common Clock Distributed RAM
Common Clock Shift Register
Common Clock Builtin FIFO
Independent Clocks Block RAM
Independent Clocks Distributed RAM
Independent Clocks Builtin FIFO

Common Clock (CLK
Common Clock (CLK
Common Clock (CLK
Common Clock (CLK

5. Select the Native Ports tab. Here you can set the Read Mode, Built-in FIFO Options,
Data Port Parameters, and Implementation Options. For this design, you need the Write
Width to be 8 bits. Changing this will automatically change the Read Width as you click

on the Read Width dialog area. Leave everything else with the default settings on this
tab.

6. Browse through the Flags, RST./P.Flags, and Data Counts tabs. These tabs configure

other options for the FIFO Generator. For this design, leave everything with the default
settings.

Designing with IP www.xilinx.com 10
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Step 4: Select and Customize the FIFO Generator

7. Select the Summary tab. This displays a summary of all the options selected as well as
listing resources used for this configuration. You should see:

4L Customize IP

= specifying IP Options.
TP Options

D Shows Disabled Ports

char_fifo

FIFO Generator

]

Show Advanced Options

gﬁ. Customize FIFO Generator (9.2) by

FIFO Generator

=]

2]

Component Name | char_fifo

- Intf. Type | Impl. Type | Native Ports | Flags | RST./P.Flags | Data Counts” Summary

Selected FIFO Type E3
Clocking Scheme: Independent Clocks
Memory Type: Block RAM

Selected Simulation Model £
Model Generated : Behavioral Model
Notes : Model is cycle accurate

Please refer to FIFO Generator User Guide generated with the core

FIFO Dimensions 2
Write Width : 8

Write Depth : 1023
Read Width : 8

Read Depth : 1023

Block RAM resource(s) (18K BRAMs): 1

Block RAM resource(s) (36K BRAMs): 0

Additional Features £

Almost Full/Empty Flags :

Programmable Full/Empty Flags :

Data Count Outputs :

Handshaking :

Read Mode / Reset :

Read Latency (From Rising Edge of Read Clock):

Consult Data Sheet for Performance/Resource impact of each feature

Mot Selected/Not Selected

Mot Selected/Not Selected

Not Selected

Not Selected

Standard FIFO / Asynchronous
1

Verify that the information is correct. For this configuration you are using a one 18K

BRAM.

OK.

Make any changes required to match the configuration and once you are satisfied click

The FIFO now appears in the Sources view. In the Hierarchy tab, it is at the same

hierarchy level as the top-level module (wave_gen). In the Libraries and Compile Order
tabs, it appears in the Unreferenced folder since an instance of the IP has not yet been

added to the project.

In the IP Sources tab, you can see the sources delivered for this IP by default.

Designing with IP

Sources — O =
|, 9 g |
A= e

EHa 1P (2)
-4 = clk_core (4)
=4 char_fifo (2)
= Synthesis (1)
. Lo char_fifo.vhd
=¥ Instantiation Template (1)

e char_fifo.veo

Hierarchy | IP Sources | Libraries | Compile Order

4b Sources | ' Templates

www.xilinx.com 11
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This IP delivers a synthesis target and an instantiation template. Since the target language is
set to Verilog (the default), the instantiation template is a VEO file.

This process can also be accomplished via Tcl scripting. If you look at the Tcl Console, you
will see the Tcl commands that are issued for this IP customization.

create_ip -name fifo_generator -version 9.2 -vendor xilinx.com -library ip
-module_name char_fifo

set _property -name CONFIG.Component Name -value {char_fifo} -objects
[get_ips char_fifo]

set _property -name CONFIG.Fifo_Implementation -value
{Independent_Clocks Block RAM} -objects [get _ips char_fifo]

set _property -name CONFIG. Input Data Width -value {8} -objects [get ips
char_fifo]

generate_target {instantiation_template synthesis} [get_files C:/ug939-
design-

files/lab_1/project _wave_gen_ip/project wave gen_ip.srcs/sources_1l1/ip/char
_Ffifo/char_fifo.xci -of objects [get filesets sources 1]] -force

The create_ip command adds the IP to the design and configuration options are all done
via the set_property command.

Step 5: Generate the IP Sources

1. Inthe IP Sources tab, select char_fifo, right click and select Generate. This displays the
generation targets possible for this IP. Selecting one or more of these options results in
additional targets being added to this IP.

#-. Generate b

.0. Choose targets to generate.

Targets

+/| Simulation

| Synthesis
Test Bench
Examples
Examples Simulation
Examples Synthesis

/| Instantiation Template

Overwrite existing generated target files

Notice that Synthesis and Instantiation Template are selected by default.
2. Select Simulation as well and click OK.

You will see the new target in the IP Sources tab.

Designing with IP www.xilinx.com 12
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Step 6: Instantiate the IP into a Design

1. You will now instantiate the IP into the design. Expand the Instantiation Template and
double click on the char_fifo.veo file to open the template so you can copy and paste the
template into the design. Go down to line 54 and copy the text as shown below:.

[E Project Summary X [# IP Catalog x ]@ wiave_gen.v X ]E char_fifo.veo x ] O *
.H lesign-files/lab_1/project_wave_gen_ip/project_wave_gen_ip.srcs/sources_1/ip/char_fifo/char_fifo.veo Read-only
|49 // The following must be inserted into your Verilog file for this -
50 // core to be instantiated. Change the instance name and port connections

51 // (in parentheses) to your own signal names.

52
I Begin Cut here for INSTANTIATICON Template -——// INST_TAG

65 // INST_TAG END ---——- End INSTANTIATION Template -———-———-—

¢ @< Fd|Mi=XTilFLES

67 // You must compile the wrapper file char_fifo.v when similating
68 // the core, char fifo. When compiling the wrapper file, be sure to
69 // reference the XilinxCoreLib Verilog simulation likrary. -

< 4

2. Next, you will copy the template code to the RTL code. From the Hierarchy tab of the
Sources view, double click on wave_gen.v to open this file for editing.

w
A= 2R
[ZHz> Design Sources (3)

Verilog Header (1)
EMwave_gen (wave_gen.v) (13)
2 char_fifo (char_fifooci)

[+H= Constraints (1)
[+ Simulation Sources (1)

Hierarchy | IP Sources | Libraries | Compile Order |

m ¢ Templates |

Designing with IP www.xilinx.com 13
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3. Go down to line 337 and paste the template code into the file..

Step 6: Instantiate the IP into a Design

Oe =

-~

I Project Summary X |{F IP Catalog X | @ wave_gen.v X i char_fifo.veo X
B | C:fug939-design-files/lab_1/project_wave_gen_ip/project_wave_gen_ip.srcs/sources_1/imports/verilog/wave_gen.v
327 .send resp data {send resp data), Data to be output
¥ 320
329 .3end_resp done (3end_resp_done), The response generation is complete
? 330
:_j AR To character FIFD
| 252 .char_fifo din (char_fifo_din), e FIFO
i 333 .char fifo wr en {char fifo wr_en) e FIFO
%332 ):
335
.{__: 336
¥ (337 tantiate the Character FIFO IP here
&/33|
.| 339 Ctrl+S
& 340 i
O | 321 Save File As...
'
342
i ) Ctrl +
& 343 & Z
dn|344 | & Ctrl+Shift+Z
345 | | input
= | % Ctrl+X . T
347 | @ Copy Ctrl+C
2 Paste D} Ctrl+V

4. Next, you need to change “your_instance_name” to “char_fifo_i0” and change the wire
names to match the design as shown in the table below. Make the following edits to

connect the ports of the IP to the design correctly.

IP Port RTL connection
rst rst_i
wr_clk clk_rx
rd _clk clk_tx
din char_fifo_din
wr_en char_fifo wr_en
rd_en char_fifo_rd_en
dout char_fifo dout
full char_fifo_full
empty char_fifo_empty

Designing with IP www.xilinx.com
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Conclusion

After you make these edits, the code should look like the following:

337
338
339
340
341
342
343
344
345
J4a
347
348

44 Instantiate the Character FIFOQ IP here
char fifao char fifo il |
.ratirst_i), // input rst
We_clkiclk_rx), // input wr_clk
.rd clkiclk_tx), // input rd clk
.din{char_fifo din), [/ input [T @ 0] din
Lur_en(char_fifo_wr_en), /¢ input wr_en
.rd_enichar fifo_rd en), // input rd en
.dout{char_fifo_dout), /S output [T @ 0] dont
.ftull (char fifo_full), ¢/ output full
Lempty (char fifo empty) /7 output empty

5. Click on the Save File icon (=) to save the wave_gen.v file.

Notice that the Hierarchy, Libraries, and Compile Order tabs are all updated to indicate
that the IP has been instanced into the design.

6. Elaborate the design to verify that your connections are correct. In the RTL Analysis
section of the Flow Navigator select Open Elaborated Design.

An RTL Schematic opens and you can zoom in to see the connections of the char_fifo_i0
IP. From the RTL Netlist tab in the Sources view, select char_fifo_i0. This highlights the
cell in the schematic. Zoom in and you will see the following:

char fifo i0
din[7:0]] _
rd clk] —ldout[7:0]
rd_en| _lempty
rst| _|full
wr clk|
wr_en|
char_fifo

7. Congratulations! You have successfully customized the FIFO IP and added it to the
design. Exit the Vivado IDE or proceed to simulation or synthesis/implementation.

Conclusion

In this exercise, you learned how to select and customize an IP in the IP catalog, and how to
instantiate the customized IP into a design. You can do this interactively within the Vivado IDE

or via Tcl scripting.

Designing with IP
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LAB 2: Create and Verify a Standalone IP

In this exercise, you will create and verify an IP as a standalone source in a Vivado IDE project.
This allows you to customize, verify, synthesize, and implement an IP as the top-level design. As
will be shown, to use the Vivado IDE IP with third—party tools you will need to create a netlist.

Step 1: Invoke the Vivado IDE

Invoke the Vivado IDE by clicking on the desktop icon or typing vivado at a terminal.

Step 2: Create a New Vivado Project

1. On the Getting Started page, click Create New Project, and then click Next.

/‘ Create New Project

19

\ - Mew Project Wizard will guide you through the process of selecting
\ design sources and a target device for a new project.

2. The New Project window displays. Click Next at the introduction screen. At the New
Project Name screen enter the Project name project_IP and Project location
C:/ug939-design-files/lab2 as shown below. Click Next.

=X=)

Project Name -
Enter a name for your project and specify a directory where the project data files will be stored ‘i/

#- New Project

Project name: | project_IP

@

Project location: | C:fug239-design-files/lab_2

Create Project Subdirectory

Project will be created at: C:fug939-design-files/lab_2/project_IP

< Back “ Next = Finish Cancel

Designing with IP www.xilinx.com
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3. The Project Type window displays. Verify the selection of RTL Project and check
the box Do not specify sources at this time box. You will be adding the IP later once
the project has been created and opened. Click Next.

¢ New Project =

Project Type
Specify the type of project to create. '\ll\ .

<

(@ RETL Project
~ You will be able to add sources, generate I, run RTL analysis, synthesis, implementation, design planning and analysis.

Do not specify sources at this time

(7 Post-synthesis Project
~ You will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not specify sources at this time

~y I/O Planning Project
~ Do not specify design sources. You will be able to view part/package resources.

-y Imported Project
~  Create a Vivado project from a Synplify, XST or ISE Project File.

4. The Default Part window displays. Select the default Xilinx part or board for your
project. You can change this setting later. You can leave the default 7 series part or
select another if known. Click Next.

5. The New Project Summary window displays. Click Finish.
4. New Project @

New Project Summary

! (© A new RTL praject named 'project_IP' will be created.

() The default part and product family for the new project:
Default Part: xc7vx485tffg1157-1
Product: Virtex-7
Family: Virtex-7
Package: ffgl157
Speed Grade: -1

VlVADO To create the project, click Finish

; Cancel

The project will open. You now have an empty project to add an IP as a source
using the IP catalog.
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Step 3: Select and Customize the FIFO Generator

1. From the Flow Navigator under Project Manager select IP Catalog.

The IP catalog opens. You can work with the IP catalog in two ways, either searching
with a keyword, or browsing through the categories.

2. Type FIFO in the search bar and select FIFO Generator.

L Project Summary x |iFIP Catalog x [ E
X | Search: FIFO (5 matches)

e

o 1 -3

o | NEME Version A4 Status

=51

i [=H= AXT Infrastructure

B . ik AXT-Stream FIFO 2.01.a AXT4-Lite, AXI4-Stream Pre-producti
ENE - —dF AXI Virtual FIFQ Controller 1.1 AXI4-Stream, AXI4 Beta
—|=F& Embedded Processing

g . B AXI Infrastructure

iF 4{F AXI-Stream FIFQ 2.01.a AXI4-Lite, AXH4-Stream Pre-producti
= == Memories & Storage Elements

W =& Fros

£ FIFOGenerator _____[9.2 __JAXK-Stream, AXK, AXK-Lite

3. Double click on FIFO Generator to bring up the Customize IP window.

This customization window is typical of IP delivered with the Vivado IDE. The device
symbol is on the left with only the enabled ports displayed. You can display all ports
by checking the Show Disabled Ports box. This device symbol view has zoom
capabilities using the mouse with the left button. This device view will change as you
customize the IP.

You can get more information about the IP by clicking the @ button in the upper-
right corner.

2 Version Information
@ Product Webpage
Answer Records
I T
4. The first tab is Intf. Type and sets the interface type. This design requires the native
interface, which is the default. Change the Component Name to char_fifo from the
default name of fifo_generator_v9 2 0.

S

License

Product Guide

Designing with IP www.xilinx.com 19
UG939 (v 2012.2) September 12, 2012


http://www.xilinx.com/�

& XILINX.

Step 3: Select and Customize the FIFO Generator

5. Select the Impl. Type tab. This configures the implementation type of the FIFO. In
this tab, you set what type of memory you want to use and if you want independent
clocks. For this design, let us assume you want independent clocks using a Block
RAM (BRAM). Select this from the drop down menu as shown below.

FIFO Implementation

Choose the FIFO implementation from one of the following:
Fifo Implementation | Independent Clocks Block RAM
Supported Features |Common Clock Block RAM

Commaon Clock Distributed RAM
Commen Clock Shift Register
Commeon Clock Builtin FIFO
Independent Clocks Block RAM
Independent Clocks Distributed RAM
Independent Clocks Builtin FIFO

Common Clock (CLK
Commaon Clock (CLK
Commaon Clock [CLK
Commaon Clock (CLK

6. Select the Native Ports tab. Here you can set the Read Mode, Built-in FIFO Options,
Data Port Parameters, and Implementation Options. For this design, you need the
Write Width to be 8 bits. Changing this will automatically change the Read Width

as you click on the Read Width dialog area. Leave everything else with the default
settings on this tab.

7. Browse through the Flags, RST./P.Flags, and Data Counts tabs. These configure

other options for the FIFO Generator. For this design, leave everything with the
default settings.
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Step 3: Select and Customize the FIFO Generator

8. Select the Summary tab. This displays a summary of all the options selected as well
as listing resources used for this configuration. You should see:

#L Customize 1P

|6| Customize FIFO Generator (9.2) by
= gpecifying IP Options.
IP Options

[] Show Disabled Forts

char_fifo

FIFO Generator

] b v

Show Advanced Options

Compenent Name |char_fifo

Intf. Type | Impl. Type | Native Ports | Flags RST./P.Flags | Data Counts” Summary

[e2]

(2]

FIFO Generator

Selected FIFO Type

Clocking Scheme: Independent Clocks
Memory Type: Block RAM

Selected Simulation Model

Model Generated :
Notes :
Please refer to FIFO Generator User Guide generated with the core

FIFO Dimensions

Write Width : 8
\Write Depth : 1023
Read Width : 8

Read Depth : 1023

Block RAM resource(s) (18K BRAMs): 1

Block RAM resource(s) (36K BRAMs): 0

Additional Features

Almost Full/Empty Flags :
Programmable Full/Empty Flags :
Data Count Outputs :
Handshaking : Not Selected

Read Mode / Reset : Standard FIFO / Asynchronous
Read Latency (From Rising Edge of Read Clock): 1

Consult Data Sheet for Performance/Resource impact of each feature

Not Selected/Not Selected
Not Selected/Not Selected
Not Selected

Behavioral Model
Model is cycle accurate

Verify that the information is correct. For this configuration you will see you are using

one 18K BRAM.

9. Make any changes required to match the configuration and once satisfied click OK

on the bottom-right to add the customized IP to the project.

10. The FIFO now appears in the Sources view. In the Hierarchy tab, the IP is set as the
top-level module. In the IP Sources tab, you can see the sources delivered for this IP

by default.

Designing with IP

I
#

Sources — O
AZE B

EHE TP (1)
[=l-4# = char_fifo (2)
E}-_!r Synthesis (1)
. ‘wibe char_fifo.vhd
[+ Instantiation Template (1)

----- & @ char_fifo.vea

Hierarchy | IP Sources | Libraries | Compile Order

4s Sources | ¥ Templates
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This IP delivers a synthesis target and an instantiation template. Since the target
language is set to Verilog (the default), the instantiation template is a VEO file.

This process can also be accomplished via Tcl scripting. If you look at the Tcl Console
you will see the Tcl commands that you issued for this IP customization.

create_ip -name fifo_generator -version 9.2 -vendor xilinx.com -
library ip -module_name char_fifo

set _property -name CONFIG.Component Name -value {char_fifo} -objects
[get_ips char_fifo]

set _property -name CONFIG.Fifo_Implementation -value
{Independent_Clocks Block RAM} -objects [get ips char_fifo]
set_property -name CONFIG.Input Data Width -value {8} -objects
[get_ips char_fifo]

generate_target {instantiation_template synthesis} [get files
C:/ug939-design-
Files/lab2/project IP/project IP._srcs/sources_1/ip/char_fifo/char_fi
fo.xci -of objects [get Filesets sources_1]] -force

The create_ip command adds the IP to the design and configuration options are
all done via the set_property command.

Step 4: Generate the IP Sources

1. Inthe IP Sources tab select char_fifo, right click and select Generate. This displays
the generation targets possible for this IP, including Simulation, Test Bench,
Examples, etc. When you select one or more of these options and click OK ,
additional targets are added to this IP. Check Simulation and click OK.

#- Generate 23

.:0:. Choose targets to generate.

Targets

+| Simulation

| Synthesis
Test Bench
BExamples
Examples Simulation
Examples Synthesis

+| Instantiation Template

Overwrite existing generated target files

Cancel

You will see the new target in the IP Sources tab.

2. If you desire, you can simulate the IP stand-alone by either creating a testbench or
using one of the examples that can be generated.

Designing with IP www.xilinx.com 22
UG939 (v 2012.2) September 12, 2012


http://www.xilinx.com/�

& XILINX.

Step 5: Create an IP Netlist

Step 5: Create an IP Netlist

1. A netlist for this IP can now be created. You can use the netlist in another Vivado
IDE project, such as the wave generator sample design, or with a third-party tool.
You need to configure synthesis to disable the insertion of 10 buffers. Select
Synthesis Settings from the Flow Navigator in the Synthesis section.

4 Synthesis

% Synthesis Settings
& Run Synthesis

2. Inthe Synth Design options area, check the box -no_iobuf as shown below:

#L Project Settings [==]
3 . | Synthesis |
( Constraints
General
/""l Default constraint set: | &= constrs_1 (active) ~
Simulation Options
@ Strategy: A Vivado Synthesis Defaults (Vivado Synthesis 2012) - | B
Synthesis
[> Description: Vivado Synthesis Defaults
=l Synth Design (synth_design)
Implementation tcl.pre
‘&_ll tel.post
1o
— ~flatten_hierarchy [rebuilt )| 2
Bitstream -gated_clock_conversion off 3
£F
-bufg 12
IP Catalog -fanout_limit 10,000 |
-effort_level [med =
r3 . - [T 1
-no_iobuf
Do not set I/O buffers.
[ oK ] [ Cancel ] l Apply ]

Click OK to save the change. Now the netlist you produce will not have IO buffers

inserted unless they are explicitly instantiated in the IP.

3. To start synthesis, select Run Synthesis from the Flow Navigator.

Designing with IP
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Conclusion

4. When synthesis completes, open the synthesized design by selecting Open
Synthesized Design and clicking OK in the Synthesis Completed window.

Synthesis Completed

':01 Synthesis successfully completed.

Next

(") Run Implementation
(@) Qpen Synthesized Desigri

() View Reports

[ pon't show this dialog again

EX)

You can now do things like explore the netlist, apply timing constraints and generate

reports.

5. Create a Structural Verilog netlist called char_fifo.v from File > Export > Export

Netlist

#- Export Netlist

=)

EDIF:
Verilog: | [s5]

[0] You can choose to export netlists in either EDIF or Verilog format.

C:/ug939-design-files/lab_2/project_IP.edn

0939-desig

[
[

0K H Cancel I

You can also create netlists from the Tcl Console using the following commands:

a. write verilog
b. write_edif

c. write_vhdl

The VHDL or Verilog produced are structural simulation models that you can use
with third- party simulators. This entire process can be scripted and executed in

batch or Tcl mode.

6. Open the vivado.jou file. The Vivado IDE creates this file automatically. You can
open this file in the Vivado IDE via File > Open Journal File. You can see all the
Tcl commands that you used to accomplish what you just did interactively.

7. Exitthe Vivado IDE.

Conclusion

In this lab, you learned how to create a new Vivado IDE project for standalone IP. You
customized and validated the IP before you generated a netlist for use in another Vivado IDE

project or a third-party tool.
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Step 1: Open the my_complex_mult Project

LAB 3: IP Packaging Steps

In this exercise, you will open the my_complex_mult project that is located in the in Lab 3

folder, go through the IP packaging steps to create a new IP module, then add the new IP to the

Vivado IP catalog. Finally, you will verify the new IP through synthesis and implementation.

Step 1: Open the my_complex_mult Project

Invoke the Vivado IDE. Click Open Project, and navigate to the my_complex_mult folder in

the lab_3 work area. As shown below, select the project file my_complex_mult.xpr and

click OK.
i Open Project
#- Op ) —— ﬁ]
Look in: | my_complex_mult V: o= A DRSS E
| my_complex_mult.data Recent Di rectories.
] * my_complex_multxpr | C:/ug939-design-files/lab_3/my_complex_mult -
Recent
Items File Preview
! Name: my_complex mult xpr
i Directory: C:ug939-design-files/lab_3/my_complex mult
pesuop Modified: Today at 15:38 PM
Size: 894 bytes
Type: Vivado project
My
Documents
f
L
Computer  File name: my_complex_mult.xpr
(ﬁ Files of type:  Vivado, PlanAhead, and ISE Project Files (.ppr, xpr, xise)

Designing with IP
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Step 2: Invoke IP Packager

Step 2: Invoke IP Packager

1. Asshown below, select the pulldown menu Tools > IP Packager.

-8 my_complex_mult - [C:/ug939-design-files/lab_3/my complex_mult/my_complex _mult.xpr] - Vivado 2012.2 EA

File Edit Flow | Tools | Window Layout View Help

&y 0 By & 1P Packager [ [Z |2 pefault Layout - K| @
Flow Navigator Run Tcl Script... anager - my_complex_mult
A= Custom Commands  * = 1B R L Project Summary x
) . 3 =k B ([E e
4 Project Managd © Project Settings.. a7 ® =3 % Project Settings
3 Project Se| &% Opti n Sources (1) = Project : | It
- J ptions.. my_complex_mult - rtl (my_comple roject name: my_complex_mu
& Add Sources [ Constraints (1) Product family: Virtex-7
1F P catalog Project part: XC7vx485tifg1157-1
' IP Packager Top module name: my complex mult
4 Simulation => Synthesis (Ready)
5 Simulation Settings Part:  xcwd8Stffgl157-1
(@) Run Simulation A v 6 Strategy: Vivado Synthesis Defaults
Fii Open static Simulation Flow:  Vivado Synthesis
Hierarchy | Libraries | Compile Order
4 RTL Analysis N -
3 . £s Sources | 'V Templates
> @Y Open Elaborated Design

2. Click Next and then click Finish. The IP packager collects the available information in
the my_complex_mult project and displays what it finds:

-

¢ IP Packager Summary ﬁ

/:' The following information was found and added to your IP:
1P Identification
xilinx.com:ip:my_complex_mult:1.0
IP Compatibility
Added compatibility for family: virtex?
1P File Groups
Found 34 files for synthesis.
Top Module found for synthesis: my_complex_mult
Found 34 files for simulation.
Top Module found for simulation: my_complex_mult
IP Customization Parameters
Found 14 IP Parameters for customization.
IP Ports
Found 13 ports on your IP.
IP GUI Customization Layout
Default IP GUI created.

Next Steps: Walk through each of the items on the left that do not have a
check mark or have an exclamation mark and verify the
information populated.

3. Click OK.

Designing with IP
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Step 3: Add IP Identification Information

Step 3: Add IP Identification Information

1. In the IP Identification pane, fill in the empty fields with the information shown in the
following figure. Notice that required information is marked with a red error symbol.

I Project Summary x | & IP Packager X

TP Identification
+/ 1P Identification

W IP Compatibility

Fill in and modify the information fields below that will be used to identify your IP. Set the

¥ TP File Groups categories in which your IP will appear in the IP Catalog by modifying the Taxonomy.

W TP Customization Parameters Identification -

W 1P Ports my_company

IP Interfaces ip

W IP GUI Customization Layout my_complex_mult

Version : 3.0

IP Licensing and Security

Review and Package Display Name : | My Complex Multiplier

1

Description : This is a great complex multiplier.

Company Url : | hitp://www.my_company.com

/Math_Functions/Multipliers
Root Directoy~~C:/ug939-design-filesHs
¥ml File Name : C:/ug939-design-files/lab_3/lab_3/component.xml

|| show advanced information

2. As shown below, click Review and Package. Notice that possible missing information

such as documentation and design examples are identified. You will add a document file
in the next step.

E Project Summary % | © IP Packager X O =
Review and Package
W TP Identification
"¢ TP Compatibility s ) 0errors 0 warnings 0 info messages
This panel provides you with an overview and status of your IP and suggests possible missing
¥ TP File Groups information. When all information is properly included, you will be able to package your IP by
clicking the button at the bottom of this pane.
¥ IP Customization Parameters
Summary Of Your IP
W TP Ports
@ 1P Root Directory: C:/ug939-design-files/lab_3/lab_:
IP Interfaces @ My Complex Multiplier (my_company:ip:my_complex_mult:3.0) edit
+ TP GUI Customization Layout This is a great complex multiplier.
(&) 14 visible parameters for customization edit
IF Licensing and Security @ 13 ports on your TP edit
Review and Package
Possible Missing Information
/® Missing documentation
M\ Missing example/reference design
4 (LI 2
Package IP
Designing with IP www.xilinx.com 27
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Step 4: Add a Document to the New IP Package

The following procedure explains how to add a non-HDL file to the package.

1. Inthe IP Packager tab, select IP Files Groups in the left frame, right-click on the
Product Guide category in the right frame and select Add Files (Product Guide), as
shown in the figure below.

[
*

I Project Summary X | & IP Packager X o

TP File Groups
¥ IP Identification

1P Compatibility ,_0_, 0 errors 0 warnings 0 info messages

=" \When the file group list below is expanded, the individual files within each group will be displayed.

*/ 1P File Groups You can select and use the right-click menu to add/remove files or add/remove a file group.
"/ IP Customization Paramete Standard refresh *
W TP Ports a Display Name Description Language Model Name
== [-] VHDL Synthesis (4 files) vhdl dsp
IP Interfaces == ;; VHDL Simulation vhdl dsp
:.) Test Bench (Rig Ad
" TP GUI Customization Layo L] Data Sheet (Rig Ad
i-] Getting Started Guide [ to Add
IF Licensing and Security L Produck Cuida (Sinhe-Click tn |
) i Readm @ Alt+0 3
Review and Package ]| Bxamp : -
£ BExamp Add Files (Product Guide)
L] Examp i
-] Bxamp Add URL (Product Guide)
Advanced refresh
a Display Namg ' Language Model Name
(=)
=|EEI UTlayd  Add File Group..
< 1 r O = Ed upgre b

2. Click on the Add Files... button in the popup dialog box, navigate to the directory
C:/ug939-design-files/lab_3/source_files/doc and select All Files in
the Files of type: entry line. You should now see a documentation file in the popup dialog
window.

3. Select the file my_complex_mult_product_guide.pdf and click OK. Click OK
again in the Add IP Files (Product Guide) dialog box.
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Step 5: Package the IP into a ZIP File

4. Expand the Product Guide (1 file) category, as shown in the following figure and see that
the document file has been added to the package.

L Project Summary X  © IP Packager x

IP File Groups
¥ IP Identification

¥ P Compatibility .:6] 0 errors 0 warnings 0 info messages

= \When the file group list below is expanded, the individual files within each group will be displayed.

</ 1P File Groups You can select and use the right-click menu to add/remove files or add/remave a file group.
f P Customization Paramet; Standard refresh =
¥ T Forts a Display Name Description Language Model Name
™
= | @ [ VHDL Synthesis (4 files) vhdl dsp
P Interfaces = [ E5] vHDL Simulation (4 files) vhdl dsp

=123 Product Guide (1 file)

TP GUI Customization Layo |—]P _—

i

TP Licensing and Security

Review and Package <

23 Test Bench (Right-Click to Add)

E:] pata Sheet (Right-Click to Add)

53 Getting Started Guide (Right-Click to Add)
=3 Readme (Right-Click to Add)

£ Examples (Right-Click to Add)

E3 examples Synthesis (Right-Click to Add)
-] Examples Simulation (Right-Click to Add)

-

- E ; ¢ click to Add
a = D IE‘ 2] Examples implementation (Right-Click to Add)

Step 5: Package the IP into a ZIP File

1. Click the Review and Package button, then the Package IP button. In the Package IP
dialog box, do the following:

a.

Verify that the name of the ZIP file is:
my_company_ip_my_complex _mult 3.0
as shown in the following figure.

Verify that the Output Directory is set to C:/ug939-design-files/lab_3

Click OK.

¢ Package IP

=)

| Choose where you want to save your packaged IP.

Archive name: | fny_company_ip_my_complex_mult_3.0

Archive location: | C:fug939-design-files/lab_3

Archive file will be created at: ...y_ip_my_complex_mult_3.0.zip

()

[ ok

H Cancel ]

2. Check the folder C:/ug939-design-files/lab_3 to make sure that the new ZIP
file was added.
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Step 6: Add the New IP to the IP Catalog

1. Unzip the newly-created ZIP file in the C:/ug939-design-files/lab_3 folder.

. IMPORTANT: When adding IP to the IP catalog that is packaged as a ZIP file, you must
== first unzip the ZIP file before you can add the directory as a user repository.

2. Inthe Project Manager area of the Flow Navigator (left side of the main window), click
IP Catalog.

4. In the IP catalog window, right-click and select Update IP Catalog.

I Project Summary X & IP Packager x |i{FIP Catalog X [

0
[%5]
g
g
g

~32
Version AX4 Status

[+ BaselP
L= Basic Element| T
[+ (= Basic Functior|
[+ Communicatig|
[+ Debug & Verif
[+ Digital Signal

[+ Embedded Pr
[+ Example Core
- FIFO

[+ FPGA Feature: o
[+ Math Function £ AddIP..

15 Memories & 5 o Update IP Catalog...

)| R e | @ B 8 () 5| T B

[ PPC D}
[+~ Standard Bus
= Video & Imag E)(poart to Spreadsheet...
< 111 » O
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As shown in the figure below, in the Update IP Catalog dialog box, click Add Directories, select
C:/ug939-design-files/lab3/Xilinx.com_ip_wave_gen_1.0 as the IP Repository
Search Path and click OK.

IMPORTANT: This search path leaf must contain the component.xml file for the IP

===l
#~ Update IP Catalog t&l
[0] Update your IP Catalog with new user IP. Optionally specify the location of IP
= repositories.
Xilinx 1P Repository Search Path: C:fXilinx/14.2/ISE_DS/ISE
Optional 1P Repository Search Paths
C:/ug939-design-files/lab_3/my_company_ip_my_complex_mult_3.0
¥
2 4
£ Add Directories... :
[] Reload All Repositories
OK l ’ Cancel
—
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3. Inthe IP catalog pane, type My in the Search field to verify that My Complex Mult is
added to the IP catalog. Also, verify that the metadata you entered is correctly displayed
in the Details window, as shown below.

[E Project Summary XI & IP Packager x Iﬂ]PCatabg X] O =

Search: | Cl- My (1 match)

] 2
Name Version AXI4 Status License

[=H MatirFORCHONs
=

=)
[ Multipliers
*_My Complex Muttiplier 3.0 | |Production [included
« ] —— i r O

Details

Name: My Complex Multiplier

Version: 3.0

Description: The is a great Complex Multiplier.
Status: Production

License: Included

Vendor: my company

Ho % oess k% @ 1P

VLNV my_company:ip:my_complex_mult:3.0
Repository: C:fug939-design-files/lab_3/my_company_ip_my_complex_mult_3.0
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Step 7: Verify the New IP in the Customize IP Dialog Box

Step 7: Verify the New IP in the Customize IP Dialog Box

1. Double click on My Complex Mult in the IP catalog. Verify that the information
presented is correct.

4L Customize IP &J
\_0_\ Customize My Complex Multiplier (3.0) by 'E ‘
"= specifying IP Options.

IP Options B Product Guide %
My Complex Multiplier Product Webpag
|| Show Disabled Forts
Component Name  my_complex_mult_v3_0_0
-
Use Dsp Cascades |1
Round 0
my_complex_mult v3 00 Single Output 0

121 Has Negate 0

=aI150]

—ERI150] C Ce Overrides Sclr 0

=[] C Has Scir 0

-EEK PRI C Has Ce 0

—zciR POl C Optimize Goal 0

=ROUND_CY C Mult Type 1

—MEGATE_R

NEGATE | EEiEnE) 1

—S0_START C Out Low 0

Wy Complex Multiplier C Out High 3
C B Width 16
C A Width 16

] 1 (s
Show Advanced Options

2. As shown above, right-click on the document button in the upper-left corner and select
Product Guide. Verify that the document you added displays properly. Close the
document.

3. Click OK on the Customize IP dialog box.
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Step 8: Verify the New IP through Synthesis and
Implementation

1. As shown below, right click on the my_complex_mult_v3_0_0 instance in the Design
Sources pane and select Set as Top.

[ FN my_complex_mult - [C:/ug939-design-files/lab_3/lab_3/my_complex_mult/my_complex_mult.xpr] - Vivado 2012.2_EA E
File Edit Flow Tools Window Layout View Help
Faandl. ] 3 ¥ % P Y| E K L E ZDefault Layout &  Source Node Properties... Ctrl+E
Flows Navigator «| | Project Manager my_complex_mult * QOpenFile Alt+0
Q= Sources _ouw 4_

ax= 2 RE
4 Project Manager = o .

; N & Design Sources (3) . . |
{‘i Project Settings : % my_complex_mult - rtl (my_compld Copy All Files Into Project Alt+1
@I Add Sources - W SERRGIAEEEL X Remove File from Project... Delete
i} 1P catalog ! 1 TP-XACT (1) o
i TP Packager -5 Constraints (1) Alt+Equals
Disable File Alt+Minus
4 Simulation -
»
&% simulation Settings hliciarchyllindats
(@l Run Simulation - m vl @ Refresh Hierarchy
> e ! =
il @0 S T ST Hierarchy | IP Sources | Libraries | Compile Ord| *® SEENE I}
4 RTL Analysis & Sources | ¢ Templates -
. 2%
@7 Open Elaborated Design | | o\, 0o oge Froperties _ouw Set Used In..
4 Synthesis L 2311 Generate...
E@ Synthesis Settings 2 my_complex_mult_v3_0_0 (my_complex_mult | Reset...

2. Click Run Synthesis in the Flow Navigator pane.
3. After synthesis completes successfully, click Run Implementation.
4. Verify that implementation completes successfully.

Conclusion

In this exercise, you invoked IP packager on the my_complex_mult project. You packaged the
complex multiplier design as an IP module and then added the new IP to the Vivado IP catalog.
You then invoked the Customize IP dialog box on the new IP and verified that the information

presented was correct. Finally, you added My Complex Multiplier to the Design Sources pane,

set the IP as “Top’, and then ran the IP through Synthesis and Implementation.
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