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Designing with IP Overview

Introduction

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

The Vivado® Design Suite provides multiple ways to use IP in a design. You can customize and add it
from the IP Catalog into a project. You can also create and reference a repository of customized IP in
either a project or non-project based flow, with full scripting capabilities as well.

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 following figure, 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.
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Figure 1: Vivado Design Suite IP Design Flow
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The Vivado IP packager tool is a unique design reuse feature based on the IP-XACT standard. The IP
packager tool 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.

~
-
e

m VIDEO: You can also learn more about the creating and using IP cores in Vivado Design Suite
by viewing the quick take videos: Configuring and Managing Custom IP and Customizing and
Instantiating IP.

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

Lt

e Essentials of FPGA Design
e Embedded Systems Software

Tutorial Description

This tutorial contains several labs as described in the following:

e Lab 1: Open a modified version of the Xilinx wave gen example design that is missing a FIFO;
locate and customize the IP in the catalog; and instantiate the IP into the design.

e Lab 2: Create and customize IP using the Manage IP flow. Create a project, include an IP from
the IP catalog as the top-level source; customize and verify the IP. Optionally, use the
customized IP as a black box in a third-party synthesis flow.

e Lab 3: Write and run a Tcl script using the Vivado Design Suite to create a project, add IP,
upgrade IP, disable IP sources and generate output products including synthesized design
checkpoints (DCP).

e Lab 4: Write and run a Non-Project Tcl script using the Vivado Design Suite to read in IP
sources, upgrade IP, disable IP sources and generate output products including a DCP file.
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Hardware and Software Requirements

This tutorial requires that the 2015.4 Vivado Design Suite software release or later is installed.

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

Locating and Preparing the Tutorial Design Files

There are separate project files and sources for each of the labs in this tutorial. You can find the design
files for this tutorial on the www.xilinx.com website: Reference Design Files.

1. Download the zipped reference file from the Xilinx website.

2. Extract the zip file contents into any write-accessible location on your hard drive, or network
location.

The extracted source directory is referred to as <Extract Dir> throughout this tutorial.

tutorial. You should use a new copy of the <Extract Dir> directory each time you

Q RECOMMENDED: You will modify the tutorial design data while working through this
start this tutorial.

3. On Windows: Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2015.x > Vivado 2015.x
As an alternative, click the Vivado 2015.x Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page, shown in the following figure contains links to open or create
projects and to view documentation.
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Information Center | RecantIP Locations
=) C:/Projects
Documentation and Tutorials Quick Take Videos Release Notes Guide

Figure 2: Getting Started Page
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Lab 1: Customizing the FIFO Generator

Introduction

In this lab you open a Vivado project, and customize the FIFO Generator IP core. You will generate the
output products for the IP and instantiate it in the design RTL source. Finally, you will synthesize the
project.

Step 1: Opening the Project

1. From the Getting Started page, select Open Project and browse to:
<extract dir>/lab 1/project wave gen ip

2. Selectproject wave gen ip.xpr, and click OK.

al‘-:-'_p Open Project @
Look in: i project_wave_gen_ip - ’j = g g” J b4 "‘:; -
" | project_wave_gen_ip.srcs Recent Directories
z g - : :
_;)? -+ project_wave_gen_ip.xpr | Ctfug939-design-files/lab_1 —
Recent Items File Preview
File: project_wave_gen_ip.xpr
! Directory: C:/ug233-design-files/lab_1/project_wave_gen_ip
Created: Today at 16:48 PM
Desktop Accessed: Today at 16:48 PM
Modified: Today at 15:39 PM
Size: 18.9KB
E Type: Vivado project
k Version: Vivado v2015.3.0
My Documents Owner: XLNX\cbazegh
A
Computer
T
Metwark ]
File name: project_wave_gen_ip.xpr
Files of type: | yivado, Planahead, and ISE Project Files {.xpr, ppr, xise) -

Figure 3: Open Project
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The design loads and you see the Vivado IDE in the default layout view, with the Project Summary
information as shown in the following figure.

4 project wave gen_ip - [C:/ug939-design-files/lab_1/project wave gen_ip/project wave gen ipxpr] - Vivado 20151 (=8 ECR ==
Fle Edit Fow Tools Window Layout View Help earch commands
FEEIL: <[ P BB K| T G Eocitiom EeN|® feady
Flow Navigator <« | Project Manager - project_wave_gen_ip X
Q= Sources — O x L Project Summary x e
QT2 e BIE =
4 Project Manager Ak B ol = = project Settings it &
[+ Design Sources (2 =
&% Project Settings [ G- Verlog Header Project name: project_wave_gen_ip
O%j Add Sources @2 wave_gen (wave_aen.v) (17 Projectlocation:  C:/ug339-design-files/lab_1/project_wave_gen_ip
= | Constraints (2 Product family:  Kintex-7
] : ) :
' Language Templates | Simulation Sources (2) P
£} 17 Catolog Project part: XCAA0tbas76-1
Top module name: wave gen
4 1P Integrator - -
-~ ) Synthesis 2 | Implementation a
7, Create Block Desian
3 Open Block Design Status:  Notstarted Status: Nat started
S H; Messages: No errors or warnings Messages: Mo errors or warnings
enerate Block Design
Part: XcTKT0tbg676-1 Part: XcTKT0tbg676-1
4 Simulation Strategy:  Vivado Synthesis Defaults Strategy: vivado Implementation Defaults
3 Simulation Settings Hierarchy | IP Sources | Libraries | Compile Order Incremental compile: None
(i} Run Smulation £ Sources | 7 Templates
DRC Violations 2  Timing a
Properties —Oe =
4 RTL Analysis P =
&% Eiaboration Settings Le] Run Implementation to see DRC results Run Implementation to see timing results
+ g% Open Elaborated Design
Utilization 2 Power ES
4 Synthesis
3 Synthesis Settings Run Synthesis to see utiization resuits Run Implementation to see power results
@ Run Synthesis
> @ Open Synthesized Design S e
4 Implementation
&% Implementation Settings
[» Run Implementation
> @ Open Implemented Design
Design Runs — O =
4 Program and Debug <
3 Bitstream Settings &, | Name Constraints  Status  Progress WNS TNS WHS THS TPWS FaledRouts LUT% LUTs FF% FFs BRAM% BRAMs  DSP
] Generate Bitstream T E=b synth_t constrs_1 Not started 0%
- ) = impl_1 constrs_1 Not started 0%
> [@% Open Hardware Manager 5
"
Id = '
[ Tel Console | (> Messages | G Log | [% Reporte™, 3» Design Runs

Figure 4: Default Layout

Because this is an RTL project, you can run behavioral simulation, elaborate the design, launch synthesis
and implementation, and generate a bitstream for the device. The Vivado IDE also offers a one-button
flow to generate a bitstream, which will automatically launch synthesis and implementation. For more
information, see the Vivado Design Suite User Guide: Using the Vivado IDE (UG893).
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Step 2: Customize the FIFO Generator

1
2.

5.

From the Flow Navigator, select IP Catalog. The Xilinx IP Catalog displays in a new tab.

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.

Type fifo in the search box.
The search results narrow the list of IP definitions displayed in the catalog.

From the Memories & Storage Elements > FIFOs group select FIFO Generator, as shown in the
following figure.

L Project Summary x |iF IP Catalog x [T
Cores | Interfaces Search:
AXI4 Status License VLNV
o
Production Included  xilime.com:iprecc:2.0 .
A1, AXH4-Stream [Production  [Included [xilinx.com:ip-fifo_generator:13.0 =]
Details
Name: FIFO Generator
Version: 13.0

Interfaces: AXI4, AXI4-Stream

Description: The FIFO Generator is a parameterizable first-in/first-out memory queue generator. Use it to generate resource and performance optimized FIFOs with
common or independent read/write clock domains, and optional fixed or programmable full and empty flags and handshaking signals. Choose from a
selection of memory resource types for implementation. Optional Hamming code based error detection and correction as well as error injection capability
for system test help to insure data integrity. FIFO width and depth are parameterizable, and for native interface FIFOs, asymmetric read and write port
widths are also supported.

Status: Production
License: Included
Change Log: View Change Lo
Vendor: Xilinx, Inc.

VLNV: wilinx.com:ip:fifo_generator:13.0
Repository:  C:/xilinx/Vivado/HiEIEy data/ip

Figure 5: Xilinx IP Catalog - FIFO Core

Right-click and select Customize IP, or double-click the selected IP.

The FIFO Generator customization window opens. There is a schematic symbol for the selected core
displayed on the left. The schematic symbol changes as you customize the IP.

6.

Zoom into the schematic symbol using mouse strokes with the left mouse button, just like in the
Device window.

If checked, uncheck the Show Disabled Ports checkbox to hide unused ports on the symbol.

Above the symbol, open the Documentation menu to examine the options for viewing available
information.
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Lab 1: Customizing the FIFO Generator

The Documentation menu lets you open the PDF file datasheet for the IP, open the change log to
review the revision history of the core, or open an Internet browser to navigate to the IP webpage,
or view any Answer Records related to the IP.

The IP Location specifies the location to which to save the IP customization (XCI) file and any
generated output products. By default, these are saved inside the project directory structure in the
project wave gen ip/project wave gen.srcs/sources 1/ip directory.

The Switch to Defaults option resets the configuration options back to the default settings.

1F Customize IP
FIFO Generator (13.0)
) IP Location £ Switch to Defaults

ﬁ'ﬂ Documentation

Show disabled ports

||| <=FiFo_wRITE
||| =FrFo_READ

£3
Component Name | fifo_generator_0
Basic | Mative Ports | Status Flags | Data Counts | Summary
Interface Type
@) Native AXI Memory Mapped AXI Stream
Fifo Implementation | Common Clock Block RAM -
FIFO Implementation Options
Supported Features
Memory
Type @ @ G @ (B
Commeon Clock (CLK) Block RAM ¥ v v
Comman Clock (CLK) Distributed RAM v
Common Clock (CLK) Shift Register
Common Clock (CLK) Built-in FIFO
Independent Clocks (RD_CLK, WR_CLK) Block RAM
Independent Clocks (RD_CLK, WR_CLK) Distributed RAM
Independent Clocks (RD_CLK, WR_CLK) Built-in FIFQ
(2) First-Word Fall-Through
(4) ECC support
(5) Dynamic Error Injection

Figure 6: Customize IP

9. In the Customize IP dialog box, change the following:

a. Component Name to char_fifo from the default name.

The Basic tab defines the interface type, memory type, and other implementation options of the

IP.

b. Default Interface Type of Native.

c. Fifo Implementation, to Independent Clocks Block RAM.

The customization window should now look like the preceding figure.

10. Select the Native Ports tab to set the Read Mode, Data Port Parameters, ECC and Output
Register Options, and configure Initialization.

a. Set Read Mode to First Word Fall Through.
b. Set the Write Width to 8 bits.
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Setting the Write Width automatically changes the Read Width to match when you click in the
Read Width field.

c. Click the Read Width field to automatically change it to 8 bits.
11. Leave everything else with the default settings on this tab.
12. Examine the fields of the Status Flags and Data Counts tabs.

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

13. Select the Summary tab.

This displays a summary of all the options selected as well as listing resources used for this
configuration. The summary for the FIFO Generator customization should look like the following
figure. For this configuration you are using one 18K BRAM.

Component Name | char_fifo

Basic | Mative Ports | Status Flags | Data Counts Summary

Block RAM resource(s) (18K BRAMs): 1
Block RAM resource(s) (36K BRAMs): 0

Clocking Scheme Independent Clocks
Memary Type Block RAM

Model Generated Behavioral Model

Write Width 8

Read Width 8

Almost Full Empty Flags Mot Selected Mot Selected
Programmable Ful /Empty Flags Mot Selected Mot Selected
Data Count Outputs Mot Selected

Handshaking Mot Selected

Read Mode fFReset First-word Fall-through [ Asynchronous
Read Latency {From Rising Edae of Read Clock) 0

Figure 7: Summary of FIFO Generator Core

14. Verify that the information is correct as shown in the summary, and click OK to add the IP
customization to your design.
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Step 3: Generate Output Products

After the char fifo IP customization completes, the Generate Output Products dialog box opens
as seen in the following figure. The output products for an IP are the various files required to
support the use of the IP in synthesis, simulation, and implementation.

gl*':_:. Generate Output Products @
The following output products will be generated. ‘

Preview
Q, | =-LFE char_fifo.xd (00C per IF)

: Instantiation Template
Synthesized Checkpaint {.dcp)
: Behavioral Simulation
_‘l Change Log

=
g
(=]
=

Synthesis Options
Global
@ Qut of context per IP

Run Settings

Mumber of jobs: | 1 -

[ apply ][ Generste || sep |

Figure 8: Generate Output Products

1. Click Generate to generate the required output products.

By default, the Vivado IDE generates the Synthesized Checkpoint (DCP) file. To create this DCP, You
add an out-of-context module run for the char_fifo IP is to the Design Runs window, and launch
the run to synthesize the IP, as shown in the following figure.

-

Elapsed  Strategy
Vivado Synthesis Del
vivado Implementat

Constraints  Status Progress WNS TNS WHS THS TPWS LUT% LUTs FF% FFs BRAM% BRAMs DSP% DSPs  Start

constrs_1  Not started 0%
constrs_1  Not started 0%

char_fifo Running synth_design. 0% 3/27/15 1:02PM  00:00:00 Vivado Synthesis Defaul

T corsoe | vesas | Bon | mcers | D
Figure 9: Out-of-Context Synthesis Run
The out-of-context (OOC) run creates the DCP for the specified IP customization, which does the
following:
o Allows the IP to be complete with regard to synthesis.
o Ensures that the integrity of the core is preserved in the current design.
o Reduces synthesis time for the top-level design in future iterations of the design flow.

For more information on OOC runs, and the use of DCP files, see the Vivado Design Suite User
Guide: Designing with IP (UG896).
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ALL PROGRAMMABLE, Lab 1: Customizing the FIFO Generator

IMPORTANT: Generate the DCP file to reduce synthesis time for the top-level design.
Do not change the default synthesis setting for the IP Design Runs.

I
®

Sources — O
O 59 e w3 ok E

e —

== 1P (2)

=L char_fifo (13]
+-[= Instantiation Template (1)
-1 Synthesis (4
+-= Simulation (2]
+-= Change Log (1)
il char_fifo.dep

char_fifo_funcsim. vhdl
char_fifo_funcsim.v
char_fifo_stub. vhdl

-8 char_fifo_stub.v
Lk dk_core (1)

Higrarchy | IP Sources | Libraries |Cor 4 p B
b Sources | ' Templates

Figure 10: FIFO Generator Sources

The FIFO now appears in the Sources view, as shown in the following figure.

In the IP Sources tab of the Sources window, examine the output products produced for the FIFO
Generator customization. If you had not generated the output products, they would generate
automatically when you launch the top-level synthesis run.

The FIFO IP is added to the design sources, but is not yet instantiated into your design. It is added at
the same level as the top-level wave gen module in the Hierarchy tab, and appears in the /Block
Sources folder in the Libraries and Compile Order tabs.

The FIFO Generator customization includes an instantiation template, char fifo.veo, synthesis
constraints and VHDL entity and architecture definition, Verilog simulation files, and the synthesized
design checkpoint.

Because the FIFO IP was originally defined in VHDL, the entity and architecture are added as VHDL
source files. However, because Verilog is the target language for the current project, the
instantiation template is a VEO file for instantiating the VHDL FIFO entity into the Verilog design.

You can also customize and add IP to your design using Tcl commands.
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3. Examine the Tcl Console in the Vivado IDE, as shown in the following figure and review the Tcl

ALL PROGRAMMABLE.

commands used to add the FIFO Generator core to your project.

Lab 1: Customizing the FIFO Generator

Td Console — X
= Ccreate_ip -neme fifo_generator -vendor xilink.com -library ip -version 12.0 -module name char_fifo -
| (create ip: Time (3): cpu = 00:00:02 ; elapsed = 00:00:0€ . Memory (MB): peak = 525.664 ; gain = 0.000
= set_property -dict [list CONFIG.Fifo_Implementation {Independent_Clocks Block RAM} CONFIG.Performance Options {First_Werd Fall Through} CONFIG.Input Data Width {8} CONFIG.Output !
U1 generate targec {instantiscion template} [get files ci/ugdss-design-files/lab 1/project wave gen ip/project wave gen ip.srcs/souzces 1/ip/char fifo/char fifo.xei]
| CINFO: [IP_Flow 13-1636] Generating 'Instantiation Template' target for IP 'char fifo'...
| | update_compile order -fileset sources 1
generate_target all [get_files c:/ugd3s-design-files/lab_l/project_wave_gen ip/project_weve_gen_ip.srcs/sources 1/ip/char_fifo/char fife.xci)
X IyRo: [17 Flow 13-1626] Generacing 'Synthesis' target Zor IE 'char
WA B_Flow 1 ] The curzent project PP _fifo o rilog o iveri D
INFO: [IP_Flow 13-1686] Generating 'Simulation’ target for IP 'cha
INFO: [IP_Flow 13-1686] Generating 'Change Log’ target for IP 'cha
generate_target: Time (3): cpu = 00:00:02 ; elapsed = 00:00:08 . Memory (MB): peak = 825.664 ; gain = 0.000 =
create_ip run [get_files -of cbjects [get_fileset sources_1] c:/ugd39-design-filea/lab_1/project_vave_gen ip/Project_wave_gen_ip.srca/scurces_l/ip/char_fifo/char fifo.xei)
launch_run char_fifo_synth_1
[Fri Mar 27 13:02:15 2015] Launched char_fifo_synth l...
Run output will be captured here: C:/ugd39-design-files/lsb_l/project_wave_gen ip/project_wave_gen_ip.runs/char_fife_synth 1/runme.log -
« i
| Tpe a Tel comnand nere

See the Vivado Design Suite Tcl Command Reference Guide (UG835) for specific information on the

2 Tel Console | © Messages | [ Log | % Reports | 3 Design Runs

Figure 11: Tcl Console Commands for Adding IP

The create ip command adds the IP into the current project.

The set property command sets the various configuration options selected in the Customize

IP dialog box.

The generate target command creates the specified output products for the IP customized.

The create ip run command creates the Out-of-Context synthesis run for the IP customized.

The launch run command runs synthesis on the IP customization to produce the synthesis

DCP file, functional simulation netlists, and stub files for third-party synthesis tools to infer a

black box for the IP.

different Tcl commands used in this tutorial.

Designing with IP Tutorial www.xilinx.com l Send Feedback I

UG939 (v2015.4) November 18, 2015

17


http://www.xilinx.com/
http://www.xilinx.com/cgi-bin/docs/rdoc?v=2015.4;d=ug835-vivado-tcl-commands.pdf
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG939&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Designing%20with%20IP&releaseVersion=2015.4&docPage=17

& XILINX

ALL PROGRAMMABLE.

Lab 1: Customizing the FIFO Generator

Step 4: Instantiating IP into the Design

You will now instantiate the IP customization into the design by copying and pasting the Verilog
Instantiation Template into the appropriate Verilog source file in your project and modifying the signals.

1. Inthe IP Sources tab of the Sources window, expand the Instantiation Template and double click
the char fifo.veo file to open the template in the Vivado Text Editor.

2. Scroll down to line 57 of the template file, and select and copy the module instantiation text, as
shown in the following figure.

Sources

Y 5 pig
A &=

— O *
g B
[=]-{= Design Sources (3
+ rilog Header (1)
'wave_gen (wave_gen.v) (13)
char_fifo (char_fifo.xa

[#-41 Constraints (2
[#-4= Simulation Sources (3)

Hierarchy | IF Sources | Libraries |Cor 4 p

£4 Sou

rces | ' Templates

Source File Properties —0Owe x
+« = &k

@ wave_gen.v

Location:

Type: Verilog E]

Library: xil_defaultib E] =
Size: 16.4KB

Modified: Tuesday 02/02/14 02:11:42 PM
Copied to:  C:fug939-design-files/lab_1/proj
Copied from: C:/ug939-design-files/praject_w
Copied on:  Wednesday 12/18/13 02:52:021
Read-only: Mo

Encrypted: Mo i
] [ 3
General | Froperties

3. Next, paste the instantiation template into the appropriate RTL source file. In this case, you paste

-
C:fug939-design-files/lab_1/praj

L Project Summary X | LFIP Catalog X | £ char_fifo.veo X

=] c:fug939-design-fileslab_1/project_wave_gen_ip/project_wave_gen_ip.sresfsources_1ipfchar_fifo/char_fifo.veo

i |48

45 // PAR

46 /,
47 7/

. |49 s

50 // IP
(51

ol|56///———————— Begin Cut here for INSIANTIATION Template ———// INST TAG
— |57 char_fifo your instance name (
' |58 .rat(est), /7 img vi
[ 3% .wr_clk{wr_clk), ./ Save File As...
&0 .rd_clk(rd_clk), . - Copy =Tt
&1 .din(di i
o w]r_n;n](_::: - i i : Select Al Ctrl+A
EX z L
&3 rdien(tdien] ! E : Toggle Rectangular Selection Ctrl+Back Slash
.rd _en), i
&4 .dout({dout), /4 o 4
€% .full(full), /o ~ | @ showFind Ctrl-F
:f] SRS “ | @ Findin Files... Ctrl+Shift+F
e
68 // INST TAG END ------ End INSTANTIATION Ry el e Ctrl+Shift+ R

Figure 12: FIFO Core Generator - Instantiation Template

the module into the top-level of the design, in the wave gen.v source file.
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Lab 1: Customizing the FIFO Generator

4. Open this file for editing from the Hierarchy tab of the Sources view, by double-clicking
wave gen.v. The following figure shows the file.

Sources

O 59 pa ) -3
L —

=1 Design Sources (3)

| Verilog Header (1)

-1 Simulation Sources (3)

Hierarchy | IF Sources | Libraries

44 Sources

g B

% Templates

O
T
*

X8 wave_gen (wave_gen.v) (13)

| Constraints (2)

Cor g p» 3

Figure 13: wave_gen.v

5. Go to line 337, which contains a comment stating the Character FIFO should be instanced at this
point. Paste the template code into the file as shown in the following figure.

Because it is only a template for the module, you need to do some local editing to make the module

work in your design.

Figure 14: Paste the FIFO IP into the Top-level Design

Ctrl+5

Ctrl+Z
Ctrl+Shift+Z
Ctrl+X
Ctrl+C
Chrl+V
Ctrl+D
Ctrl+F
Ctrl+R
Tab
Shift+Tab
Ctrl+5Slash

roject Summary X atalog X ar_fifo.veo X | 8 wave_genwv X
£ Project S iF IP Catal & dhar_fifo ]
321 To/From the Command Parser
| 322 .gend_char_wal ({send_char_wval),
A 323 .send_char {send_char},
5&,, 324
:—j 325 .gend_resp_val ({send_resp vel),
fz 326 .3end_resp_type {send_resp_type),
443 327 .gend_resp data {send_resp_data),
3¢ | 328
.send_resp_done send_reap_done),
) |329 d_resp_d {send_resp_done)
=|330
=331 To character FIFO
= .char fifo din ar fifo din),
&l[332 char fifo di char fifo di
333 .char fifo wr_en {char_fifo wr en)
B 334 i
:;J 335
| 336
lh’ 337 e the ere
@338 :
4339 -
=340 Instantiate the UAR Save File As...
341 uarc_tx #( o
342 .BAUD_RATE (BAUD |
343 .CLOCK_RATE (CLOCK] *
344 ) uart_tx_i0 { 4 Cut
3435 .clk_tx iy Copy
346 .r3t_clk_tx
347 4 Paste
348 .char_fifo_empty Duplicate Selection
3439 .:har_E:.Lfn_dnut & Show Find
350 .char_fifo_rd en
351 Replace...
352 - trd_tx Indent Selection
252 1. . X
4 Unindent Selection
/i Toaale Line Comments

11z

[ | 2:/Datafug939-20 13-design-files fab_1/project_wave_gen_ip/project_wave_gen_ip.srcs/sources_1fimports/fverilog/wave_gen.v

x

"

|.m

a. Change the module name from your instance name to char fifo 1i0.

b. Change the wire names as follows, to connect the ports of the module into the design:
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UG939 (v2015.4) November 18, 2015

www.xilinx.com

| Send Feedback I 19


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG939&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Designing%20with%20IP&releaseVersion=2015.4&docPage=19

& XILINX

ALL PROGRAMMABLE, Lab 1: Customizing the FIFO Generator

char fifo char fifo i0 (
.rst(rst_i), // input rst
.wr_clk(clk_rx), // input wr_clk
.rd clk(clk tx), // input rd clk
.din(char fifo din), // input [7 : 0] din
.wr_en(char fifo wr en), // input wr_en
.rd_en(char fifo rd en), // input rd en
.dout (char_fifo_dout), // output [7 : 0] dout
.full (char fifo full), // output full
.empty (char fifo empty) // output empty
);

6. In the Text Editor side-bar menu, click the Save File button (Eﬁ) to save the changes to the
wave gen.v file.

Notice that the Hierarchy, Libraries, and Compile Order tabs update to indicate that the IP is
instanced into the design, as seen in the following figure.

Sources — O x
et RE

[=+{7 Design Sources (2) »
v} Verilog Header (1)

¥ wave_gen [nave
# dk_gen_i0 - dk_gen
7 dk_div_i0 - dk_div )
L F dk_core_j0 - dk_core (¢
irst_gen_i0 - rst_gen (r=
‘uart_rx_i0 -uart_rx (U=
) cmd_parse_i0 - cmd_parse
' samp_ram_i0 - samp_ram |
H--#8 resp_gen_i0 - resp_gen (resp
- F [ char_fifo_i0 - char_fifo {
-8 uart_ti_i0 - uart_tx
ilb_ct_i0-1b_ctl (b_c

0 7 oo w3
N e

m

=

=

' samp_gen_id - samp_gen |
H-8 dac_spi_i0 - dac_spi (dac_spi.

Hierarchy | IP Sources | Libraries | Compile Order

4 Sources | 7 Templates

Figure 15: IP Integrated into the Design
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Step 5: Synthesizing the Design
With the customized IP integrated into your design, you can now synthesize the design.

Xilinx IP in the IP Catalog of the Vivado Design Suite are delivered as RTL source. This provides the
benefit of being able to perform behavioral simulation, which faster than netlist-based simulation.
However, synthesizing each IP along with the overall design, with every design iteration, can add
significant synthesis time to the project development.

The design checkpoint (DCP) file delivered with the IP core output products, and generated by the Out-
of-Context synthesis run, eliminates the need to re-synthesize the core over multiple iterations.

The default behavior of the Vivado Design Suite is to generate the necessary output products, including
the DCP file, when you create an IP customization.

You can disable generation of the DCP file, as well as defer generating output products until later.

1. In the Hierarchy Tab of the Sources window, look at the c1k core IP customization instantiated
under the top-level of the design, wave gen, as seen in Figure 15 page 20.

Notice that the c1k core IP cannot be expanded with the ‘+" icon like you can expand the
char fifoIP. This indicates that no output products exist for the c1k core when it was
instanced in the project.

2. In the Sources window, click the Plus (+) icon next to the char fifo IP, as shown in the following
figure.

The Vivado tool displays the Show IP Hierarchy dialog box, (following figure), warning you that
expanding the hierarchy of very large IP cores can add significant delay to updating the hierarchy in
the Sources window.

Show IP Hierarchy @

y ) | OK to Show IP Hierarchy?
W' For large IPs, this may slow down source hierarchy updates.

Cancel

Figure 16: Show IP Hierarchy

3. Click Cancel to close the Show IP Hierarchy dialog box.

If you skip generation of output products when the IP is customized, the Vivado Design Suite will
automatically generate the required output products at the point in the design flow they become
necessary, such as during synthesis or simulation.

By default, a DCP file for an IP core is created unless you disable this in the Out-of-Context Settings
dialog box. See the Vivado Design Suite User Guide: Designing with IP (UG896) for more information.
If DCP file generation is disabled, the IP RTL synthesizes along with the top-level design.
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4. In the Flow Navigator, click the Run Synthesis & Run Synthesis  tton,

The Vivado tool automatically creates a new Out-of-Context Module synthesis run for the
clk core, and launches that synthesis run, as seen in the following figure. This synthesis run
creates the DCP file for the IP customization.

Design Runs
A Name Constraints  Status Progress
" 51 synth_1 (active) constrs_1  Queued...
Lcp impl_1 (active constrs_1  Not started
- [ Out-of-Context Module Runs
-+ char_fifo_synth_1 char_fifo synth_design Complete!
- ck_core_synth_1 ck_core Running synth_design...

«

& Td Console

0 Messages | [ Log | % Reports | 3> Design Runs

WNS TNS WHS THS TPWS LWUT%  LUTs FF %

0%
0%
0.183

100% 75 0.200

0%

—Owe x

FFs  BRAM % BRAMs DSP%  DSPs Start Elapsed Desal
00:00:00 Vivac

Vivac

164 0.370 0 0.000 0 3/27/15 L:02PM  00:04:38 Vivad:

3/27/15 1:55PM  00:01:14 Vivady

Figure 17: Out-of-Context Synthesis Runs

5. When the c1k core synthesis run is finished, you can examine the contents of the IP Sources tab
of the Sources window. You will see the output products generated by the Vivado Design Suite for

the IP, (following figure).

Sources — O ¢ =
A= mah|E
- 1P (2)
i-LH char_fifo (13
=1-LF[ dk_core (10]
—  Instantiation Template (1]
i |2 dk_core.veo
4----_'Synthesis 4)

oY dk_core.xde

Y dk_core_ooc.xdc

i(w8 dk_core_dk_wiz.v
-8 clk_core.w

-y clk_core.dop

----- (#hi ck_core_funcsim. vhdl

----- 8 dk_core_funcsim.v

----- wh dk_core_stub, vhdl

----- w8 clk_core_stub.v

Hierarchy | IP Sources | Libraries | Compile Order

4. Spurces | ) Templates

Figure 18: IP Sources

With the required output products for the c1k core created, the Vivado synthesis tool runs on the
top-level of the design, (following figure). When the top-level of the design is synthesizing, Vivado
synthesis infers a black box for the FIFO generator IP (char fifo) and the Clock generator IP
(clk_core) in the design.

Design Runs

B [ Out-of-C o
-+ char_fifo_synth_1
-+ ck_core_synth_1

dule Runs

“
[5)Td Console
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Constraints  Status Progress WNS NS WHS THS TPWS LUT% LUTs FF% FFs BRAM% BRAMs DSP% DSPs  Start
constrs_1  Running synth_design... 0% 3/27/15 1:58 PM
constrs_1 Mot started 0%

char_fifo synth_design Complete! 100% 0.183 75 0200 164 0.37 0 0.000 0 3/27/15 1:02PM
ck_core synth_design Complete! 100% 0.000 0 0.000 0 0.000 0 0.000 0 3/27/15 1:55PM

© Messages | [ Log | % Reports 3> Design Runs

Figure 19: Top-level Synthesis
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6. When the Synthesis Completed dialog box opens, select the View Reports option and click OK.
This opens the Reports window at the bottom of the Vivado IDE.
7. Switch to the Reports window, and open the Synthesis > synth_1 > Vivado Synthesis Report.

8. Use the Show Find command,’fﬂ, to search the Log window for “blackbox”.

9. Use the Find Next command until you come to the following section, which summarizes the black
boxes found in the current design:

Report BlackBoxes:

- o —— o +
| |BlackBox name |Instances |
- o o +
|1 |char fifo | 1]
| 2 |clk core | 1]
- o o ———— +

10. Look in the project IP runs folder for the results of the out-of-context synthesis runs:
<Extract Dir>/lab 1l/project wave gen ip/project wave gen ip.runs

You can use the IP customizations created in other projects by adding the xci file as a source. All
the output products for the IP, including the DCP, are used automatically.

If you change the part, you must update the IP and regenerate the output products.

Conclusion

This concludes Lab 1. You have successfully created a FIFO Generator IP customization, and instanced it

in a design. Close the project and exit the Vivado tool, or continue and implement the design to explore
further.

In this Lab, you learned how to:
e Open the Vivado IDE.
e Select and customize an IP from the IP catalog.
e Instantiate the customized IP into an HDL design.

e Use some details of the output products required to support the IP in the design flow.

You can add and manage IP in a design interactively within the Vivado IDE, or using Tcl scripting.
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Lab 2: Creating and Managing Reusable IP

Introduction

To simplify revision control, and to support the use of customized IP across multiple projects and
designs, you can manage and store the customized IP in a repository, separate from any design projects
in which they are used. The IP customization file (XCI), and the output products for synthesis, simulation,
and other output, are contained together in a unique directory.

You can reference these IP customizations in new projects and designs, to simulate, synthesize, and
implement the IP as part of the design. Having all the generated output products available also
preserves that customized version of the IP for use in a future release of the Vivado Design Suite, even if
the IP is updated in the Xilinx IP Catalog. See the Vivado Design Suite User Guide: Designing with IP
(UG896) for more information on managing IP.

In this lab, you create and verify an IP customization in an IP repository, using the Manage IP flow in the
Vivado Design Suite. This flow lets you browse the IP Catalog to create and manage IP customizations
for use in either a Project or a Non-Project design flow.

You can create a repository of the customized IP for use in your design(s), managed and maintained
outside of a Vivado Project. A special IP project is created at the location specified for the Manage IP
flow. This special project facilitates the creation of a synthesis design checkpoint (DCP) and structural
simulation models for the IP.

When using an IP customization, in a project or non-project flow, all output products, including a DCP if
present, are used in the design flow. The use of IP synthesis DCP file speeds synthesis of the top-level
design because the IP have been pre-synthesized. In addition, a stub file is produced for use in third
party synthesis tools to infer a black box for IP.
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Step 1: Starting a Manage IP session

On Linux:

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

cd <extract dir>/lab 2

2. Launch the Vivado IDE by typing:

vivado
On Windows, launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2015.x
As an alternative, click the Vivado 2015.x Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page displays with links to open or create projects, and to view
documentation.

3. On the Getting Started page, click the Manage IP link, as shown in the following figure.

Tasks

Manage IP Open Hardware Manager Xilinx Tl Store

{F Mew IP Location...

Open IP Location...

oy ,::7" i
r
Documentation and Tutaorials Quick Take Videos Release Notes Guide

Figure 20: Manage IP from the Getting Started Page

A menu displays that lets you:
o Specify a New IP location for a new Manage IP project and generated output products.
o Open an existing IP location for prior Manage IP projects.

4. Select New IP Location.
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5. Click Next to move to the Manage IP Settings dialog box shown in the following figure (this shows
to what you change the default setting).

ﬁl*-.f_L Mew IP Location @
Manage IP Settings
Set options for creating and generating IF. '

Part: % xcTkT0tbas76-1 (active) |:|
Target language: Verilog -
Target simulator: Vivado Simulator A4
Simulator language: | Mixed -

1P location: C:,‘ugg39-design-ﬁlesﬂab_21my_ip| |:|

< Back Mext = Einish | | Cancel

Figure 21: Manage IP Settings

6. Configure the dialog box settings as follows:
e Part: xc7k70tfbg676-1
Note: Use the browse button to select the specified target part. ™
e Target Language: Verilog
e Target Simulator: Vivado Simulator
¢ Simulator Language: Mixed
e IPlocation: <Extract Dir>/lab 2/my ip
7. Press Finish to proceed.

The IP Catalog displays in an IP Project, which is a simple interface for the creation and management
of IP customizations.
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Step 2: Customizing the FIFO Generator

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

categories.

1. Inthe IP Catalog search bar, type fifo.

2. Double-click the FIFO Generator from the Memories & Storage Elements group.

The Customize IP dialog box opens, as shown in the following figure (this is not the original setting,

it shows what you are changing the customization to be).

Q

{F Customize IP B
FIFO Generator (13.0) ’
! Documentation [ TP Location 3 Switch to Defaults
Show disabled ports Component Name | fifo_generator_0
Basic | Native Ports | Status Flags | Data Counts | Summary
Interface Type
@/ Native AXI Memory Mapped AXI Stream
Fifo Implementation | Common Clock Block RAM -
FIFO Implementation Options
Supported Features
|| #:FIFo_wrITE Memory
Type w0 @ @) (4 (5
‘Common Clock (CLK) Block RAM v e v
Common Clock (CLK) Distributed RAM
Common Clock (CLK) Shift Register
srst Common Clock (CLK) Built-in FIFO
Independent Clocks (RD_CLK, WR_CLK) Block RAM
Independent Clocks (RD_CLK, WR_CLK) Distributed RAM
Independent Clocks (RD_CLK, WR_CLK) Built-in FIFO
(2) First-Word Fall-Through
(4) ECC support
(5) Dynamic Error Injection
ol

Figure 22: Customize IP Window

TIP: For a complete description of the Customize IP dialog box, and its use, see

Lab 1: Customizing the FIFO Generator. This Lab assumes that you have previously

completed Lab 1, and are familiar with the concepts covered in that lab.

3. At the top of the Customize IP dialog box, change the Component Name to char fifo.

4. In the Basic tab:
e Select the default Interface Type of Native.

¢ From the Fifo Implementation menu, set Independent Clocks Block RAM.
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5. In the Native Ports tab.

o Set the Read Mode to First Word Fall Through.

o Set the Write Width to be 8 bits.

o Click the Read Width field to adjust it automatically to 8 bits as well.
6. Select the Summary tab.

The Summary page displays a summary of all the options selected as well as listing resources used
for this configuration. The summary for the FIFO Generator core should look like the following
figure. For this configuration you will see you are using one 18K BRAM.

Component Name | char_fifo

Basic | Mative Ports | Status Flags | Data Counts” Summary

Block RAM resource(s) (18K BRAMs): 1
Block RAM resource(s) (36K BRAMs): 0

Clocking Scheme Independent Clocks
Memary Type Block RAM

Model Generated Behavioral Model

Write Width 2]

Read Width 8

Almaost Ful/Empty Flags Mot Selected /Mot Selected
Programmable Full Empty Flags Mot Selected Mot Selected
Data Count Qutputs Mot Selected

Handshaking Mot Selected

Read Mode [ Reset First-word Fall-through [ Asynchronous
Read Latency (From Rising Edge of Read Clock) 0

Figure 23: Summary of FIFO Generator Core

7. Verify that the information is correct as shown, and click GENERATE to generate the customized IP
core for use in your design.

The Generate Output Products popup appears, as seen in the following figure. When creating a
repository of customized IP using the Managed IP flow, generate all output products, including the
design checkpoint (DCP), for each IP. A specific release of the Vivado tools only supports a single
version of an IP core. You cannot re-customize or generate outputs for a prior version of IP in the
Vivado Design Suite. Instead, you would need to update the IP to the latest version if you have not
preserved the needed output products.

ﬁ IMPORTANT: Only one version of an IP is supported in a given release of the Vivado tool. To
use older versions of an IP, ALL output products must be available in your custom IP repository.
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8. Click the Generate button to create the output products, as shown in the following figure.

gl*':_:. Generate Output Products @

The following output products will be generated.

¢

Preview
@, | E-LF char_fifo.xd (00C per IF)
] [l Instantiation Template
=D -l Synthesized Checkpoint {.dep)
I:JJ +-[ ¥l Behavioral Simulation
_‘l Change Log

Synthesis Options ?
Global
'@ Qut of context per IP

Run Settings

Mumber of jobs: | 1 -

[ oy | [ Generate [ sip |

Figure 24: Generate Output Products

To reduce synthesis runtime for a design using one or more customized IP cores, the IP are pre-

synthesized as a standalone module by default, with the netlist saved in a synthesized checkpoint
file (DCP).

During synthesis of the overall design, the Vivado synthesis infers a black box for the IP.

During implementation, the netlists from the DCP files are linked into the design. This flow is
scriptable in Tcl for both Project and Non-Project Mode.

To create the synthesized checkout file, the Vivado IDE creates and launches a corresponding out-
of-context module run, as seen in the following figure.

This run automatically launches, and when synthesis completes, the char fifo directory contains
a few additional files:

o char fifo.dcp: The Synthesis Design Checkpoint, which contains a netlist for the IP.

o char fifo stub.v: A Verilog port module for use with third-party synthesis tools to
infer a black box for the IP. The stub contains directives for Synplify Pro to not insert IO
buffers, this may require editing for other third-party synthesis tools.

o char fifo funcsim.v/char fifo funcsim.vhd: A Verilog and VHDL netlist for
functional simulation of the IP core.

Constraints  Progress WNS TNS WHS THS TPWS LUT% LUTs FF% FRs  BRAM% BRAMs DSP% DSPs  Start Elapsed  Desaription Status
Out-of-Context Module Runs

il 3 char_fifo_synth_1 char_fifo 0% 3/27/153:20PM  00:00:00 Vivado Synthesis Defauts Running synth_desigi

[ Tdl Console | (© Messages | 3> Design Runs

Figure 25: Out-of-Context Module Run to Create the DCP
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If you are using a third-party synthesis tool for the design, a Verilog stub file with the port
declarations, or a VHDL component declaration, is required to infer the black box.

The Vivado Design Suite automatically creates this file along with the synthesis design checkpoint
(DCP) when generating the output products.

Customized IPs can be referenced using the XCI file from both Project and Non-Project Mode.

In a project-based design, Xilinx recommends that you do not copy sources into the local project
structure, but rather reference them from your custom IP repository. For more information on
Project Mode and Non-Project Mode, see the Vivado Design Suite User Guide: Design Flows
Overview (UG892).

9. Examine the <extract dir>/lab 2/my ip location.
Notice that two directories are created, as shown in the following figure.

o One is the IP customization (char fifo) containing the XCI file, which has all the
customization information for the IP, and all the output products generated.

o The second is the IP Project (managed ip project) which you created in this Lab to

customize the char fifo IP and manage the output products, including the synthesized
DCP.

v OSDisk (T} » ug939-design-files » lab_2 » my_ip »

Help

ibrary « Share with = Mew folder
=

Mame Date modified Type

char_fifo 3/27/2015 3:22 PM File folder

managed_ip_project 3/27/2015 3:20 PM File folder
Figure 26: Directory and IP Project

10. Examine the Sources window as shown in the following figure, to see the generated output
products in the Manage IP project.
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M
®

Sources |
QTS 8eE
=P (1]
=1-LF[ char_fifo (13]
5.1 Instantiation Template (1)
|2 char_fifo.veo
' Synithesis (4]
Ay char_fifo_docks.xdc
iy char_fifo. xdc
i (g char_fifo.vhd
Y char_fifo_ooc.xdc
=i Simulation (2]
i’-----\.f_i"ﬁfojenerator_vlog_beh.v
i ® char _fifo.v
—I-{= Change Log (1]

- char_fifo.dop

whi char_fifo_funcsim. vhdl
8 char_fifo_funcsim.v
-4l char_fifo_stub, vhdl
-8 char_fifo_stub.v

IP Sources

Figure 27: IP Sources

The generated output products for the char fifo core include the Instantiation Template, Synthesis
files, Simulation files, synthesized design checkpoint, functional simulation netlists as well as stub files
for use with third-party synthesis tools.

Note: The FIFO customization created in this lab is the same as the one from Lab 1: Customizing the
FIFO Generator. If you want to add existing IP into a Managed IP project you can do so using the
File > Add Existing IP menu.

Step 3: Customize the Clocking Wizard

Now create a customization for the Clocking Wizard IP.

1. Follow the same processes you used for finding the FIFO Generator IP in the IP Catalog to find and
launch a Clocking Wizard IP customization.

2. Change the Customization Name to c1k core.

3. In the Clocking Options tab, leave all the settings the default except for the Input Clock Information
as shown in following figure.

e Primary Clock Input Frequency: 200

e Source: Differential clock capable pin

Input Clock Information
Input Clock Input Frequency(MHz) Jitter Options Input Jitter Source
P Frimary 200.000 10,000 - 800,000 i - |0.010 Differential dock capable pin -
Secondary 100.000 0.010 Single ended dock capable pin -

Figure 28: Input Clock Settings
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4. In the Output Clocks tab, there are two output clocks required for the design, shown in the
following figure.

e clk outl:200
e clk out2:166.667

Clocking Options~ Output Clocks | MMCM Settings | Port Renaming | Summary

The phase is calculated relative to the active input dock.
OQutput Freq (MHz) Phase (degrees) Duty Cycle (%)

Output Clock Dri

utpu Requested Actual Requested Actual Requested Actual rives
@] dk_outt 200.000 200.000 0.000 0.000 50.000 50.0 BUFG  ~
@] dk_out2 166.667 166.667 0.000 0.000 50.000 50.0 BUFG  ~

Figure 29: Output Clock Settings

5. In the Port Renaming tab, change the input and output clock names as shown in the following
figure:

¢ Input Clock Port Name: clk_pin
e Output Clock Port Name for c1k outl: clk_rx

e Output Clock Port Name for c1k out2: clk_tx

Clocking Options | Output Clocks | MMCM Settings” Port Renaming = Summary

Input Clock
Input Clock Port Name Freq (MHz)
Primary dk_pin 200.000
Output Clock

VCO Freq = 1000.000 MHz

Output Clock Port Name Output Freq (MHz) Phase (degrees)
ck_out1 ck_rx 200.000 0.000
ck_out2 dk_tx 166.667 0.000

Figure 30: Naming Clock Ports

6. Click OK to bring up the Generate Output Product window, and click Generate.

Vivado creates and launches a design run for the Clocking Wizard IP as shown in the following
figure.
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Design Runs
C'\ MName Constraints Progress Status WHNS TS WHS THS TPWS LUT 26
=, B[ Out-of-Context Module Runs
=] +-+f char_fifo_synth_1 char_fifo 1 100% synth_design Complete! 0.18;
- - 7 dk_core_synth_1 dk_core 0% Running synth_design...

5 Td Conscle | ) Messages - =» Design Runs

Figure 31: Clocking wizard Design Run

7. Verify the output products and directory created for the Clocking Wizard IP customization
(clk_core) you just created, just as you did with the customized FIFO Generator IP.

Step 4: Use Third-Party Simulators

The purpose of the Managed IP project is to create and manage IP customizations; there is no support
for directly simulating IP in a Managed IP project. Customized IP can be instanced into a standard
design project for simulation, in either Project or Non-Project Mode.

Xilinx IP delivered in the Vivado Design Suite are encrypted using industry standard IEEE P1735
encryption. Supported simulator use this encryption standard, and can run behavioral simulation.

The Vivado Design Suite includes the Vivado simulator, for mixed language simulation, as well as direct
support for Mentor Graphics® QuestaSim/ModelSim, Cadence Incisive Enterprise Simulator (IES), and
Synopsys Verilog Compiler Simulator (VCS).

You can use the following Tcl command to generate a Tcl script for the target simulator:

export simulation -simulator <simulator>
The valid options for <simulator> are: all, xsim, vcx, ies, questa, and modelsim.

See the Vivado Design Suite User Guide: Logic Simulation (UG900) for more information on using third-
party simulators, including creating scripts for running simulations outside of the Vivado Design Suite.

Getting Required Simulation Files

As an alternative to the export simulation command, you can manually gather the required files to
support third-party simulation.

1. To get all files that an IP delivers for simulation, use the get files Tcl command. In the Tcl
Console, type the following command:

get files -compile order sources -used in simulation -of objects \
[get ips char fifo]

Where:

e -used in:Llets you specify files that are marked for use in simulation, or marked for use in
synthesis.

e -of object: Lets you extract files that are associated with the specified IP customization file.

This produces a list of file names, including the full path, required to simulate the IP.
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