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Introduction to Creating and Packaging Custom IP

Introduction

This tutorial takes you through the required steps to create and package a custom IP in the Vivado®
Design Suite IP packager tool.

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, third-party IP, and end-user designs targeted for reuse as IP into a single
environment. The following figure provides a diagram of Vivado Design Suite IP design flow.
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Figure 1: Vivado Design Suite IP Design Flow
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AL PRAOBRAMMARLE. Introduction to Creating and Packaging Custom IP

The Vivado IP packager tool is a unique design reuse feature, which is based upon the IP-XACT
standard. The IP packager tool provides you with the ability to package a design at any stage of the
design flow and deploy the core as system-level IP.

See the Vivado Design Suite User Guide: Creating and Packaging Custom IP (UG1118) for more
information about the Vivado IP packager.

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:

Essentials of FPGA Design

Embedded Systems Software

Software Requirements

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.

Tutorial Design Description

The small sample design used in this tutorial has a set of RTL design sources consisting of Verilog files,
along with a PDF that describes how to add a document file to your IP.

Locating Tutorial Design Files

Download ugl119-vivado-creating-packaging-ip-design.zip, from the
Reference Design Files on the Xilinx website.

Extract the zip file contents into any write-accessible location.
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Lab 1: Packaging a Project

Introduction

In this lab, you define a new custom IP from an existing Vivado project, using the Create and Package IP
wizard.

You start with an existing design project in the Vivado IDE, define identification information for the new
IP, add documentation to support its use, and add the IP to the IP Catalog.

After packaging, you verify the new IP through synthesis in a separate design project.

The lab project contains Verilog source files for a simple UART interface.

Step 1: Open the Vivado Project

Launch Vivado.
On Linux:
e Change to the directory where the lab materials are stored: cd <Extract Dir>/lab 1
e Launch the Vivado IDE: vivado
On Windows:
e Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2016.1> Vivado 2016.1
Or
e C(lick the Vivado 2016.1 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. For either Windows or Linux, continue the lab from this point.

1. Click Open Project, and browse to: <Extract_Dir>/lab 1/my simple uart
Note: Your Vivado Design Suite installation might have a different name on the Start menu.
2. Selectthemy simple uart.xpr project and click OK.

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.
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#  my_simple_uart - [C:/Projects/Xilin/lab_1/my._simple_uartxpr] - Vivado 20161 = |[= ] =
Flle Edit Flow Tools Window Layout View Help Search commands
z)‘ P P Y K T G EofakLayout ~| & (el
Flow Mavigatar 7 « Project Manager - my_simple_uart 7?7 X
Q= Sources ?—_0Oex L Project Summary X ?Ow X
a=Z= | B (B
4 Project Manager = - Q Project Settings Edit
=I-{~ Design Sources (1)
&% Project Settings T @ uart_top (ust_top.y) (2) Praject name: vy _simple_uart
% add Sources - Constraints (1) Project location:  C:/Projects/iins/lab_1
) Language Templates - & Simulation Sources (1) Product Family: Kinkex-7
£F 1P Catalog Project part: #C7k32SHFQA00-2
Top module name:  uart_top
4 [P Inkegrator Target language:  YHDL
,ﬁ”, Create Block Design Simulator language:  Mized
¥ Open Block Design
Synthesis Implementation
Generate Block Design
Status; Mot started Status; Mot started
4 Simulation Hierarchy | Libraries | Compile Order Messages: Mo errors or warnings Messages: No errors or warnings
@ Simulation Settings Part: wcFk325EFgR00-2 Part: 73250 Fgo00-2
. Properties DO %
@ Fun Simulation > Strategy: Vivado Svnthesis Defaults Strategy: vivada Implementation Defaulks
£ Incremental compile: Mone
4 RTL Analysis
% Elaboration Settings — —
DRC ¥iolations Timing
Eﬁ ©Open Elaborated Design
Run Implement ation ko see DRC resulks Run Implementation to see timing results
4 Synthesis Select an object to see properties
5 synthesis Settings Utilization Power
& Run Synthesis
} Open Synthesized Design Fun Synkhesis ko see utilization results Prun Implementation to see power results
4 Implementation
% Implementation Settings Design Runs ?_Or %
|> Run Implementation A Name Constraints Status WHS TS WHS THS TPWS Failed Routes LT FF BRAM LIRAR [
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il s impl_t constrs_1 Mot started
=
4 Program and Debug
@ Bitstream Settings
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] ] 3
." Open Hardware Manager =
12 Td Console | © Messages | [d Log | [5 Reports ., 3» Design Runs

Figure 2: Project Default View Layout

Step 2: Preparing Desigh Constraints

The existing design includes timing constraints defined in an XDC file (uart top.xdc). These
constraints were defined for the UART design as a standalone design. However, when packaged as an
IP, the design inherits some of the needed constraints from the parent design. In this case, you must
modify the XDC file to separate constraints the IP requires when used in the context of a parent design,
and the constraints the IP requires when used out-of-context (OOC) in a standalone capacity. This
requires splitting the current XDC file.

You should prepare the design constraints prior to packaging the design for inclusion in the IP catalog;
however, you can also perform these steps after packaging the IP.

IMPORTANT: The Vivado tools create a synthesized design checkpoint (DCP) as part of the
default Out-of-Context (OOC) design flow for IP packaging and use.

To ensure that the packaged IP functions properly in the default Out-of-Context (OOC) design flow, the
IP packaging must include a standalone XDC file to define all external clocking information for the IP.

Creating, Packaging Custom IP Tutorial www.xilinx.com l Send Feedback I 8
UG1119 (v2016.1) May 5, 2016


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG1119&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Creating%20and%20Packaging%20Custom%20IP&releaseVersion=2016.1&docPage=8

& XILINX

AL PRAOBRAMMARLE. Lab 1: Packaging a Project

Vivado synthesis uses the standalone XDC file in the OOC synthesis run to constrain the IP to the
recommended clock frequency.

When used in the context of a top-level design, the parent XDC file provides the clock constraints and
the standalone OOC XDC file is not needed.

For more information on the Out-Of-Context (OOC) design flow, and the use of the DCP file, see the
Vivado Design Suite User Guide: Designing with IP (UG896).

TIP: Depending on the function and use of the packaged IP, you might need to adjust the
design constraints to ensure proper scoping. For more information, See “Constraints
Scoping” in the Vivado Design Suite User Guide: Using Constraints (UG903).

Analyze the Current Constraints Files

1. In the Hierarchy pane of the Sources window, open the target XDC file (uart top.xdc) under the
/Constraints folder.

E. Project Summary X | (5 vart_topacde * X
:EI C:/Datafug239-design-fileslab_3/my_simple_uart/my_simple_uart.srcs/constrs_1/imports/constrsfuart_top. xdc
lcreate cleck -pericd 5.000 [get ports rx clk] -

2create_clock -period 6.000 [get ports tx_clk]
3

= }

4set multicycle path -from [get cells "uart rx il/uart rx ctl i0/+" %

D 5 -filter {I5 SEQUENTIZL}] -to [get cells "uart rx iD/uart rx ctl i0/+" %
= & -filter {IS_SEQUENTIAL}] 108
3 Tset multicycle path -from [get_cells "uart rx i0/uart rx ctl i0/%" 3\

8 -filter ) -to [get cells "uart rx iDfuart rx ctl i

] filter {IS_SEQUENTIAL t _cells "uart rx i0/uart rx ctl i0/*" \
ﬂ- 9 —-filter {I5S_SEQUENTIZAL}] -hold 107
| 10
2|11 set_multicycle path -from [get cells "uart tx i0/fuart tx ctl i0/*" %
)12 -filter [I5 SEQUENTIZL}] -to [get cells "uart tx i0/uart tx ctl i0/+"
=J 13 -filter {I5S_SEQUENTIZAL}] 90
& 14 set_multicycle path -from [get cells "uwart tx i0/fuart tx ctl i0/*" \

! -fi r | -to [get cells "uar i0/uar [+ i
|15 filter [IS_SEQUENTIAL}] [get_cells "uart_tx i0/uart_tx ctl i0/%" \
~ |16 -filter [I5 SEQUENTIAL}] -hold 89
7 _

17
8 set max delay -from [get cells uart_rx_iO/meta_harden rxd_i0/signal_meta_reg
U 12 set_max del £ [get_cell _rx_i0/meta_harden_rxd i0/signal_meta_reg] \
b -to [get cells uart_rx i0/meta_harden rxd i0/signal_dst_reg
I [get_cell _rx_i0/meta_harden rxd_i0/signal dst_reg] \
get property get clocks -of objects [get ports rx_clk
3 20 t ] ty PERIOD t_clock £ _ob]j = ! . clk

Figure 3: File Contents of uart_top.xdc

There are two items to take note of in the XDC file, as seen in, above.
— create clock constraints (Lines 1 and 2)
— set _max_delay constraint relying on the clock object period value (line 18).

Note: The line numbers referenced in Figure 3 might differ from the line numbers in your XDC file
because the constraints were edited for easier viewing in this tutorial.

2. Examine all create clock constraints prior to packaging the new IP definition.
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If the created clock is internal to the IP (GT), or if the IP contains an input buffer (IBUF), the
create clock constraint should stay in the IP XDC file because it is needed to define local clocks.

In the next sub-step, you move clocks that are not internal, or local, to the IP from the IP XDC file to
an OOC XDC file, because they are provided by the parent design.

For this example, you move the create clock constraints on line 1 and 2 from the design XDC
file to an OOC XDC file. When a user instantiates the IP you are packaging from the IP catalog into a
design, the IP inherits the clock definitions from the parent design.

The set max delay constraint is also noteworthy in that it has a dependency on the PERIOD
property of defined clocks, (get clocks —of objects). This dependency is affected by the
order of processing of the constraints of the IP and top-level design.

By default, when IP customizations are instantiated into a design, the Vivado IDE processes the XDC
files of an IP before the XDC files of the top-level design. This is known as EARLY processing, and is
defined by the PROCESSING ORDER property on the XDC file.

By default, the XDC files of the top-level design are marked for NORMAL processing. This means
that the processing of XDC files for IP constraints happens before the top-level design constraints
created by the user. However, in the case of the set max delay constraint, the dependency on
the clock PERTOD will cause errors in processing the IP constraints early and defining the clock later.

3. Toresolve this issue, you mark the XDC files of the UART IP for LATE processing.

TIP: Xilinx delivered IP with _clock appended to the XDC filename are all marked for LATE
processing.

Creating an Out-Of-Context (OOC) XDC file

1. From the Flow Navigator, or from the File menu, select Add Sources, or select the Add Sources

button &7
The Add Sources dialog box opens.

Select Add or Create Constraints, and click Next.

In the Add or Create Constraints dialog box, click the Add an Existing or Create file button +
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In the Create Constraints File dialog box, fill in the constraints file information, as shown in the

following figure.

o File type: XDC

o File name: uart top ooc.xdc

o File location: <Local to Project>

Click OK.

al‘;f_=. Create Constraints File

,'0'| Create a new constraints file and add it to your project

File type, name and location
File type: iy XDC
File name: uart_top_ooc, xdc

File location: | &5 <Local to Project:

-

l

Ok

] | Cancel

Figure 4: Create Constraints File Dialog Box

TIP: For Xilinx-delivered IP, the out-of-context XDC file has _ooc appended to the filename;
however, it is the USED_IN property of the file that determines if it is an OOC XDC file, not the

filename.

Click Finish to complete the Add Sources dialog box.

The Vivado tools create a new XDC file in the project and displays the file under the Constraints
section in the Hierarchy pane of the Sources window.

You now move the create_clock constraints from the XDC file of the original design

(uart_top.xdc) into the OOC XDC file (uart top ooc.xdc).

In the Sources window, open the new OOC XDC file (uart top_ ooc.xdc) by double-clicking the
file. The file is empty.

Cut and paste the create clock constraints, from lines 1 and 2 of the IP XDC file
(uart_top.xdc) into the empty OOC XDC file.

The OOC XDC file contains only the two create clock constraints.
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% Project Summary X | HY vart_top.xdc X |5 vart_top_cocxdc* X

':E C:/Projects/my_simple_uart/my_simple_uart.srcsfconstrs_1/new fuart_top_ooc.xdc
I ll':.r\eate_clock -period 5.000 [get ports rx_clk]
“|2create_clock -pericd 6.000 [get ports tx clk]

L

liiy) =4

o

X wf

Figure 5: 00C XDC

9. Select the Save File button =3 to save the updated contents of the OOC XDC file.

10. Check to be sure that the create clock commands are removed from the IP XDC file
(uart top.xdc), and save the file.

The create clock constraints are not necessary because parent design defines the clocks. The IP
XDC file should now only contain the constraints, as shown in the following figure. The OOC XDC
file defines the clocks needed for standalone processing.

T Project Summary X | {5 wart_topaxde X | {Y uart_top_ooc.xdc X 17 ox
i C: /Datafug339-design-files/lab_3/my_simple_uartfmy_simple_uart.srcsfconstrs_1fimports/constrsfuart_top.xdc
L lset multicycle path -from [get cells "uart rx il/uart rx ctl i0/*" &
[ 2 -filter {IS_SEQUENTIAL}] -to [get_cells "uart rx iO/uart rx ctl i0/*" \
£ = -filter {I5 SEQUENTIAL}] 10&
%, 4set multicycle path -from [get cells "uart rx i0fuart rx ctl i0/*"
; 5 -filter [I5_SEQUENTIAL}] -to [get cells "uart rx i0jfuart rx ctl i0/*" %\
fj 6§ -filter {[IS _SEQUENTIAL}] -hold 107
12| 7
g zet multicycle path -from [get cells "uart tx i0/uart tx ctl 10/*" %
il 9 —-filter [I5 SEQUENTIAL}] -to [get cells "uart tx il/uart tx ctl i0/*"
10 —-filter {IS_SEQUENTIAL}] 30
11 set_multicycle path -from [get_cells "uwart_tx iO/uart tx ctl _i0/*"
f‘ 12 -filter {IS_SEQUENTIAL}] -to [get_cells "uart_tx iOj/uart tx ctl io/#" \
_ |13 -filter [I5_SEQUENTIAL}] -hold &9
CE’J 14 -
|15 set max delay -from [get cells uart rx i0/meta_harden rxd i0/signal meta_reg] \
o |16 -to [get cells uart_rx_ i0/meta_harden rxd i0/faignal_dst reg] \
) "' |17 [get property PERICD [get clocks -of cbjects [get ports rx clk]]]
L
4
4
4 3
Figure 6: Updated uart_top.xdc
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11. Close the two open XDC files.

With the OOC and IP XDC files defined, you must set the USED_IN and PROCESSING_ORDER

properties on the XDC files so that the Vivado Design Suite correctly processes the constraint files
for the IP.

12. In the Hierarchy pane of the Sources window, select the OOC XDC file (uart top ooc.xdc) listed
under the Constraints section.

13. Right-click the file, and select Source File Properties.

14. From the Source File Properties window, scroll down and select the USED_IN property value to open
the Make Selection dialog box.

15. Select out_of_context in the unused values and select the Move right button @, to add the value
to the USED_IN property.

I

ga"" Make Selection @
Unused values: 24 Selected values: 3 |&
converted_rt - synthesis
hls @ implementation @
hw_handoff E @ out_of_context .&}
ipsharedlogic
opt_design {:} (:}
opt_design_post @ )

: W2t
phys_opt_design
phys_opt_design_post -

[ oK ] [ Cance

Figure 7: Make Selection Dialog Box

16. Optional: You can adjust the USED IN property in the Tcl Console. To set the USED IN property
of the OOC XDC file to include the “out_of_context” using the following Tcl command:

set property USED IN {synthesis implementation out of context} \
[get files uart top ooc.xdc]

17. When the USED_IN property includes the out of context setting, the XDC file is only used for
synthesis or implementation in Out-of-Context runs (-mode out of context).

IMPORTANT: The USED IN property for an OOC XDC file should be

{synthesis implementation out_of context}. If it is just out_of_context, it is not used during
ﬁ synthesis or implementation.
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Setting the Processing Order for the IP XDC

1. In the Hierarchy pane of the Sources window, select the IP XDC file (uart top.xdc) listed under
the Constraints section.

2. Right-click the file, and select Source File Properties from the menu.

3. From the Source File Properties window, scroll down and change the PROCESSING_ORDER
property value to LATE, as shown in the following figure.

Source File Properties — 0O 2 =
& = P 5k
Y uart_top.xdc

C}\ CLASS file

7 FILE_TYPE XDC b

g

iy IMPORTED_FROM C:/Projecta/¥il...

=
IS_AVAILABLE

“=| 15 enasien

4| 15_GENERATED

|4| 1s_GLOBAL_INCLUDE &

@ LIBRARY xil defaultlib
MAME C:/Projects/Kil...
MEEDS_REFRESH
PATH_MODE RelativeFirst -

PROCESSING_ORDER

SCOPED_TO_CELLS
SCOPED_TO_REF

USED_IN
USED_IN_IMPLEMENTATION
USED_IN_SYMTHESIS

Gereral | Properties

Figure 8: Source File Properties
The property value can also be changed in the Tcl Console with the following Tcl command:
set property PROCESSING ORDER LATE [get files uart top.xdc]

After completing the above steps, the XDC files are correctly prepared for packaging and the OOC
design flow.
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Step 3: Package the IP

After setting up the design and supporting constraint files, the next step is to create and package the
new IP Definition, and add it to the IP Catalog.

1. From the Tools menu, select the Create and Package IP command to open the Create and Package
IP Wizard.

The Welcome window opens for the Create and Package New IP dialog box.

2. Click Next.

The Choose Create Peripheral or Package IP dialog box opens, as shown in the following figure.

P )

¢ Create and Package New IP @
Create Peripheral, Package IP or Package a Block Design
Please select one of the Faollowing tasks. ‘

Packaging Options

& Package your current project
IJse the project as the source For creating a new IP Definition.
Maote: All sources ko be packaged must be located at or below the specified directory.

Package a block design From the current project
hoose a block design as the source For creating a new IP Definition,

Package a specified directory
Choose a directory as the source for creating a new IP Definition,

Create AxI4 Peripheral

Create a new AxXI4 peripheral
Create an AxI4 IP, driver, software test application, IP Integrator AxI4 BFM simulation and debug
demonstration design.

7 < Back |[ Mext = Finish Cancel

Figure 9: Choose Create Peripheral or Package IP Window

3. Select the Package your current project option to use the current project as the source for
creating the new IP Definition.

4. Select Next.
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The Package Your Current Project dialog box opens, as shown in the following figure.

v "

g Create and Package MNew IP @
Package Your Current Project

Select the directory where the IP Definition will be created and the
associated options for packaging the current project.

IP location: | C:/ProjectsXilinxlab_1/my_simple_uart/my_simple_uart.srcs I:I
Packaging IP in the project

@ Indude .xdi files

Indude IP generated files

< Back ” Mext = Finish Cancel

Figure 10: Package Current Project

5. Click Next to accept the defaults.

The New IP Creation dialog box, as shown in the following figure, opens with a summary of the
information the wizard will automatically gather from the project.

¢ Create and Package Mew IP @

New IP Creation

V |VAD O‘ The Following pieces of information will be gathered:

HLx Editsans
" o Identification information based on top module name

o Family compatibility based on part in the project

=]

File(s) From Synthesis and Simulation File sets

o Ports From the file containing the top module

o Parameters Fram the File containing the top module
o Bus Interfaces based on port names

o Address Spaces and Memary Maps based on inferred bus interfaces

Fallowing File will be created on disk along with corresponding
customization Files:

8 XI LI NX C:fProjects¥ilin/lab_1/my_simple_uart.sresfcomponent. xml

AL PROGRAMMABLE Click. Firnish ko continue

? = Back Mext= | Finish | | Cancel

Figure 11: Begin IP Creation

6. Click Finish.
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After the wizard completes, the Vivado IDE initially packages the current project as an IP for
inclusion in the IP repository, and the Package IP dialog box opens to report success.

7. Click OK.

The Package IP window opens and displays the basic IP package in a staging area for editing and
repackaging, as seen in the following figure.

E, Project Summary x| & Package IP - uart_top o & =
Packaging Steps kit Identification 7
afldentification Wendor: silir com

o Compatibility Library: Lser

% File Groups Mame: uart_kop

& Customization Parameters Wersion: 1.0

') Ports and Interfaces Display name: uart_top_v1 0

Descripkion: uark_top_w1_0

Addressing and Memary

Vendor display name:
&/ Custornization GLUI

Company url:
Review and Package
Root directory: i [Projects Xilinxflab_1 fry _simple_uart.srcs
sl File name: c:/Projectswilinx/lab_1fmy_simple_uart.srcsfcomponent. xml
Categories
+ [UserIP

T
+

Figure 12: Editing the Default IP Definition

Step 4: Modify the IP Definition

The Package IP window shows the current IP identification information, including Vendor, Library,
Name, and Version (VLNV) attributes of the newly packaged IP.

1. Inthe Package IP window, select the Identification pane in the left side panel, and fill in the right
side with the following information:

e Vendor: my_company
e Library: user
e Name: my_simple_uart

¢ Display name: My Simple UART
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e Version: 1.0
e Description: My simple example UART interface
¢ Vendor display name: My Company

e Company url: http://www.my_company_name.com

2. For the Categories option, select the Add button ¥ to open the Choose IP Categories dialog box,
as shown in the following figure.

i "

¢ 1P Categories @

Choose ar creake an IP cateqory,

Basic Elements -
=07 Communication & Metworking

Error Correckion

Ethernet

rodulation

Metworking

&)
7~
B

ik B4

e bdl-erial Imterfaces
Telecorrmunications
Wireless

Debug & Verification

Digital Signal Processing
Embedded Processing

FPEA Features and Design
Math Functions

Memories & Storage Elements

o] Partial Reconfiguration

+ Skandard Bus Inkerfaces

£1-17] Storage, MAS and SAN

7] UserIp

o] YWideo & Image Processing -

m

il ] | Cancel

Figure 13: Choose IP Categories

The Choose IP Categories dialog box lets you select various appropriate categories to help classify the
new IP definition. When you add the IP definition to the IP Catalog, the IP lists under the specified
categories.

3. Select the Serial Interfaces box under Communications & Networking because the IP is a UART

interface.
4. Click OK.
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Step 5: Add a Product Guide to the IP

1. On the left side of the Package IP window, select the File Groups item to display the File Groups
panel on the right side.

The File Groups pane provides a listing of the files to be packaged as part of the IP.

E Project Summary % | & Package IP - uart_top % O e x
Packaging Steps « File Groups ?
+/ Identification X Mame Library Mame  Type Is Include  File Group Name Model Mame

=1

= Standard
Compatibilit = fnller

¥ -omparbilty =] =[5 Synkhesis (9) uatk_top
+ File Groups - H -HY constrs_1fimports/constrsfuart_top, xdc xde xlinz_anylanguagesynthesis

3"5 -BY constrs_1fnewjuart_top_ooc.xdc xdc xilinz_anylanguagesynthesis
& Customization Parameters - W8 sources_L fimportsfsrcfuart_b_ctly vetilogSource xilinx_anylanguagesynthesis

ad w8 sources_Lfimportsfsrc/uart_rx_ctl v vetilogSource xilinz_anylanguagesynthesis
I Ports and Interfaces @ ~i8 sources_ fimportsfsrcfuart_baud_gen.v verilogSource xilin:_anylanguagesynthesis

w8 sources_Lfimports/src/meta_harden.v verilogSource xilinz_anylanguagesynthesis
-8 sources_L jimportsfsrcfuart_kx.w verilogSource xilinz_anylanguagesynthesis
8 sources_lfimportsfsrc/uart_rx.v verilogSource xilinz_anvylanguagesynthesis
| sources_ fimportsfsrcfuart_top.y werilogSource xdlinz_anylanguagesynthesis

Addressing and Memory

& Custamization GUI

Review and Package Simulation (7 uark_top

-8 sources_Lfimporksfsrcfuart_bx_ctlyv verilogSource xilinz:_anylanguagebehavioralsimulation

-8 sources_Ljfimporksisrcfuart_rx_ctly verilogSource xilinz_anylanguagebehavioralsimulation

B sources_Lfimportsfsrc/uart_baud_gen.v vetilogSource xilinz_anylanguagebehavioralsimulation

g8 sources_L fimportsfsrc/meta_harden.w verilogSource xilin_anylanguagebehavioralsimulation
w8 sources_Lfimportsfsrc/uart_bxv verilogSource xilinz_anylanguagebehavioralsimulation

W8 sources_Lfimporksfsrc/uart .y verilogSource xilin:_anylanguagebehavioralsimulation
¥e sources_limpartsfsrc/uart_top.y verilogSource xilinz_anylanguagebehavioralsimulation

== Advanced
=) UI Layout (1)
el wguifuart_top_wl_0.tel kclSource xilinz_xpgui

Figure 14: File Groups

2. Open the Messages window, and review the IP Packager messages as seen in the following figure.

Messages EAR w
S, [V (D 2warnings [V] @ 4infos | Hide Al

Zj =-{in IP Packager (2 warnings, 4 infos)

= —1- (i File Groups Wizard (1 info)

{ } ) [IP_Flow 19-21587] The Product Guide File is missing.
i Customization Parameters Wizard (2 infos)
{E} (D [IP_Flow 19-3479] User Parameter 'BAUD_RATE (Baud Rate)': The long integer parameter is not bounded by any range or walidation walues, (1 more like this)
T, i Ports and Interfaces Wizard (2 warnings)
[ -1 [IP_Flow 19-3153] Bus Interface 'rx_clk's ASSOCIATED_BUSIF bus parameter is missing, (1 more like this)
@ - i Review and Package Wizard (1 info)

L) [IP_Flow 19-2181] Payment Required is not set For this core,

= Tel Console™ () Messages | B Log | (5 Reports | 3> Design Runs
Figure 15: IP Packager Messages

The IP Packager messages inform you of the state of the IP. The File Groups Wizard message
indicates that the IP definition does not include any documentation.

The Customization Parameters Wizard informs you that specific parameters of the IP do not have
range values.

As INFO messages, these are quick checks of the IP definition that do not prevent you from moving
forward if you choose. However, in the next step you add the product guide to the IP definition.
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The Ports and Interfaces wizard has warnings related to the inferred single-bit clock interfaces
inferred by the IP Packager for missing ASSOCIATED BUSIF parameters. These parameters are
required for AXI interfaces in the Vivado IP integrator, but you can ignore them for this exercise.

3. In the Package IP window, right-click in the File Groups pane, and select Add File Group.

4. 1In the Add IP File Group dialog box, select Product Guide from the Standard File Groups section, as
shown in in the following figure.

r'

¢ Add File Group £3

Select File Groupis) to add.

Q, File Group

L,_K_,J SR Standard -
i | -Gy nthesis
=L S Simulation
It Guide
-Readme

i SeExamples

=-{= Advanced
~MHDL Synthesis

~Aerilog Synthesis -

m

Description

Product Guide
The IP documentakion URL which previously consisted of separate readme,
datasheet, user guide and other collateral disk Files,

(0] 4 ] | Cancel

Figure 16: Add IP File Group - Product Guide

5. Click OK.

The IP File Groups pane now updates with the Product Guide group in the list. There is a 0 next to
the Product Guide name because there are no files added to the newly created group.

Note: A critical warning opens when you add the Product Guide file group, noting that the file
group s empty.

5. Right-click the Product Guide file group, and select Add Files.
6. In the opened Add IP Files (Product Guide) dialog box, click Add Files.

7. Browseto <Extract Dir>/lab 1/my simple uart/docs, and select All Files in the Files of
type: entry line.

8. Select my_simple_uart_product_guide.pdf, and click OK.
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9. Inthe Add IP Files (Product Guide) dialog box, shown in the following figure, ensure that Copy

sources into project is selected.

The option ensures that the file is imported in the project sources directory, and not remotely

referenced by the IP packager.

P

ga"" Add IP Files (Product Guide)

Select files to add to file group. Product Guide

Index Mame Library Location

1 my_simple_uart_product_guide.pdf M/A

C:ProjectsXilinxlab_1/my_simple_uart/docs

Add Files... ] [ Add Directories... ] [

Create File...

[] 5can and add RTL indude files into project
Copy sources into project

Add sources from subdirectories

] [ Cancel

Figure 17: Add Product Guide

10. Click OK.

The IP Packager adds the PDF file of the Product Guide to the files defined as part of the IP, and

resolves the Critical Warning.
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Step 6: Review and Package the IP

The custom IP was initially packaged at the end of the Create and Package IP wizard, but because

changes were made in the Package IP window, the custom IP must be re-packaged for the changes to
take effect.

1. On the left side of the Package IP window, select the Review and Package panel.

The Review and Package pane provides a summary of the IP being packaged, as shown in the
following figure.

% Project Summary X | & Package IP - uart_top X O = =
Packaging Steps 4 Review and Package ?
+ Identification '\Q} 2 warnings 3 info messages

+ Compatibility Summary

 File Graups Display name: Ky Simple UART

Description: My simple example UART interface

' Customization Parameters Root direckory: ¢ fProjects)yilineglab_1 my_simple_uart,srcs

) Parts and Interfaces

Addressing and Memory

After Packaging
+" Cuskomization GUL

o An archive will not be generated. Use the settings link below to change your preference
Review and Package

IP will be made available in the catalog using the repository - c:fProjects)xilinxlab_Lfmy _simple_uart. srcs

edit packaging settings

Package IP

Figure 18: Review and Package IP

With default settings of the current project, Vivado does not generate an archive for this IP after

packaging. This is reflected in the After Packaging section of the Review and Package pane of the
Package IP window.

2. Make a note of the location of the IP repository in the After Packaging section. This is necessary to
validate the custom IP in the next step.

3. Inthe Package IP window, click Package IP to package the current project and add it to the IP
Catalog.

4. After the packaging process completes, close the Vivado project.
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Step 7: Validate the New IP

With the new custom IP definition packaged and added to the IP Catalog, you can validate that the IP
works as expected when added to designs. To validate the IP, add a new customization of the UART IP
to a project, and synthesize the design.

1. From the Vivado IDE Getting Started page, select Manage IP > New IP Location to create a new
project.

Tasks

Manage IP Of

{F Mew IP Location...
Open IP Location...

Figure 19: New Manage IP Project

O TIP: You can use either an RTL project or a Manage IP project to validate IP.

2. Click Next in the New IP Location dialog box.

3. In the Manage IP Settings dialog box, set the following options as they appear in Figure 20.

Part: xc7k325tffg900-2

Target language: Verilog

Target Simulator: Vivado Simulator
Simulator Language: Mixed

IP Location: <Extract_Dir>/lab_1
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-
ﬁ"" MNew IP Location | 22|
Manage IP Settings
Set options for creating and generating IP. ‘

Part: @ xcTk325tFfga00-2 (]

Target language: Verilog -

Target simulator: Vivado Simulator -

Simulator language: | Mixed -

IP location: C: fProjectsXilirx lab_1 B

Figure 20: Manage IP Settings

4. Click Finish to create the Manage IP project.

A new Manage IP project opens in the Vivado IDE. The IP Catalog opens automatically in a Manage
IP project; however, the IP Catalog does not contain the repository used to package the custom
UART IP.

You now add the IP repository to the IP Catalog.
5. In the IP Catalog window, right-click and select IP Settings.
The Tools > Project Settings > IP dialog box opens.

6. In the Repository Manager tab, click the Add Repository button to open the IP Repositories Dialog
Box.

7. In the IP Repositories dialog box, browse to and select the following location:

<Extract Dir>/lab 1/my simple uart/my simple uart.srcs
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5. Click Select to add the selected repository, as shown in the following figure.

P

¢ Project Settings [ =2 |
) IP
@ General” Repository Manager | Packager
General (i) Add directories to the lisk of repositories, You may then add additional IP ko a
r > selected repositary, IF an IP is disabled then a koal-tip will alert waou ba the reason,
]
IP Repositaties
Simulation c:fProjects)Eilinxglab_1/my_simple_uart.srcs (Project)
;}C;\ -
&
Elaboration

Refresh Al

[ I H Cancel ][ Apply

Figure 21: Manage IP Repository

As seen in the previous figure, the added location displays in the IP Repositories section, and any
packaged IP found in the repositories displays under the IP in Selected Repository. The My Simple
UART IP definition that you packaged in Step 3: Package the IP Directory is listed.

6. Click OK to add the IP repository to the IP Catalog and close the dialog box.

O TIP: To define a custom IP repository for use across multiple design projects you can use

the Tools > Options command in the Vivado IDE to set the Default IP Repository Search
Paths under the General options. The default IP repository search path is stored in the
vivado.ini file, and added to new projects using the IP_REPO_PATHS property for the
current_fileset:

set property IP REPO PATHS {..} [current fileset]

the Vivado Properties Reference Guide (UG912) for more information.

8. In the search field at the top of the IP Catalog, type UART.

The My Simple UART is reported under the /UserIP and Serial Interfaces categories that it was
previously assigned to during packaging.
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ALL PROGRAMMARLE,
JW| O =
'}D Search: | O~ UART (4 matches)
Mame o AXI4 Status License VLNV

B[ User Repository (c: fProjects/Xilinelab_1/my_simple_uart/my_simple_uart.srcs)
i == Communication & Metworking
-5 Serial Interfaces

T rodicion[inciuded
i == UserIP
vy Sinple UART T TproductonJincucedmy compan..|

== Vivado Repository
= Embedded Processing
= AXI Peripheral

= Low Speed Peripheral
-fF AXT UART 16550 axI4 Production Induded wilin, comzip...

ifF AXI Uartite AXI4 Production Induded wilinc. comzip. ...

Figure 22: Search IP Catalog for UART

Note: This IP Catalog view shows when the Taxonomy and the Repository options are selected for
Grouping the IP. See the Vivado Design Suite: Creating and Packaging Custom IP (UG1118) for

more information about IP Groups.

Select the My Simple UART by clicking it under either the /UserIP or /Serial Interfaces
category.
Examine the Details pane of the IP Catalog window, as shown in the following figure.

Notice the details match the information provided when you packaged the IP.

Details

MName: My Simple UART
Version: 1.0 (Rev. 1)
Description: My simple example UART interface

Status: Production

License: Included

Vendor: My Company

VLNV my_company:user:my_simple_uart:1.0

Repository: c:/Projects/Xilinx/lab_1/my_simple_uart/my_simple_uart.srcs

Figure 23: My Simple UART - Details

11. In the IP Catalog, double-click My Simple UART to open the Customize IP dialog box, shown in the

following figure.
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1F Customize IP

My Simple UART (1.0)

Show disabled ports

i Documentation (5 IP Location 3 Switch to Defaults

&3
Component Name | my_simple_uart_0

Baud Rate 115200

=-r_clk Clock Rate 50000000
: frr_err m=
-
ry_data[7:0] e
=Ir%_rst _
F_i_SYC =
—{t_Clk
: r_rily =
m—ty_ready
ti_of=
=-t_rst
T _Ch =
mty data[7:0]

‘ [ Cancel

Figure 24: Customize IP — My Simple UART

12. Optionally: In the Customize IP dialog box, click Documentation and open the Product Guide.

13. Click OK, accepting the default Component Name and other options.

The Vivado packager adds the customized IP to the current project, and displays the IP in the IP

Sources window.

Creating, Packaging Custom IP Tutorial
UG1119 (v2016.1) May 5, 2016

www.xilinx.com

l Send Feedback I 27


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG1119&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Creating%20and%20Packaging%20Custom%20IP&releaseVersion=2016.1&docPage=27

& XILINX

AL PRAOBRAMMARLE. Lab 1: Packaging a Project

The Generate Output Products dialog box opens, as shown in the following figure.

#L Generate QOutput Products XS
The following output products will be
generated. ‘
Preview

Q| [=HFO my_simple_wart_0.xci (00C per IF)
5 [l Instantiation Template
=g H

[l Synthesized Checkpoint (.dcp)
[l Behavioral Simulation

g
(=5
Synthesis Options ?
Global
@) Out of context per IP

Run Settings

Mumber of jobs:| 2~

| Apply H Generate ” Skip |

Figure 25: Generate Output Products

14. Click Generate.

This generates the various files required for this IP in the current Manage IP project, and launches an
out-of-context (OOC) synthesis run for the IP, which creates a design checkpoint (DCP) file.

Recall this OOC synthesis run uses the OOC XDC file that defines the necessary clocks for the
standalone IP.

The Generate Output Products dialog box re-opens to report the output products were generated
successfully.

16. Click OK.

17. Examine the IP Sources window and the various design and simulation source files that are added to
the project.

Creating, Packaging Custom IP Tutorial www.xilinx.com l Send Feedback l 28
UG1119 (v2016.1) May 5, 2016


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG1119&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Creating%20and%20Packaging%20Custom%20IP&releaseVersion=2016.1&docPage=28

& XILINX

AL PRAOBRAMMARLE. Lab 1: Packaging a Project

18. In the Design Runs window, shown in the following figure, verify that the Out-Of-Context synthesis
run was successful.

¢ Manage IP - [C\Projects\Xilinx\lab_1] - Vivado 2015.1 =N BoR e
File Edit Tools Window Layout View Help ands
&R =] X | €5 ¥ | G |23 Default Layout ~| o K| ® Ready
Project Manager - xc7k325tffg900-2 X
Sources — O x iFIP Catalog x [m e
QTE meE|E # search:
=HE TP (1) = =1
=-LHE my_simple_uart_0 (24) ‘i‘ Name AXM  Status License VLNV
1 _uart 0 (24] =)
B Instantiation Template (1) = tHHE= User Repository (c:/Projects/Xiliny/lab_1/my_simple_uart/my_simple_uart.srcs)
! ) Synthesis (10) ENdfE Vivado Repository
1 Simulation (&) B
. my_simple_uart_0.dcp =
' my_simple_uart_0_funcsim.vhdl ER S

9 my_simple_uart_0_funcsim.v
4@ my_simple_uart_0_stub.vhdl

@ my_simple_uart_0_stub.v N’)
1P Sources @
IP Properties —0Owe = E
Bl —
iF My Simple UART =
Name: My Simple UART

Version: 1.0 (Rev. 1)
Description: My simple example UART interface
Status: Production

Version: 1.0 (Rev. 1)

Description: My simple example UART interface
Status: Eroduction

License: Included

License: Included

Vendor: My Company Vendor: My Company
VLNV: my_company:user:my_simple_uart:1.0 VLMV: my_company:user:my_simple_uart:1.0

Repository: - c:/Projects/Xilinx/lab_1/my_simple_uart/my_simple_uart.srcs Repository: c:/Projects/Xilinx/lab_1/my_simple_uart/my_simple_uart.srcs

{] i1} v
Design Runs —Ouwu =
& Name Constraints Status Progress Strateqy Part Description
=
£ EHi Out-of-Context Module Runs
=1 [ my_simple_uart_0_synth_1 my_simple_uart_0 synth_design Complete! 100% Vivado Synthesis Defaults (Vivado Synthesis 2015) xc7k325tfg900-2 Vivade Synthe
14
»
“

« 1] G

5 Td Console | © Messages . 3> Design Runs

Figure 26: Validate IP in Managed IP Project

Conclusion

In this Lab, you did the following:
e Used the Create and Package IP wizard to create a custom IP definition for the tutorial project,
my simple uart.
e Setup the XDC files to support the processing order requirements as well as Out-Of-Context
synthesis.

e Validated the packaged IP by creating a Managed IP project, and then adding the new IP
repository to the IP Catalog.

e Created a customization of the IP, and generated a DCP of the IP to validate that the IP
definition was complete and included all the necessary files to support using the IP in other
designs.
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Lab 2: Packaging a Specified Directory

Introduction

In this lab, you will create a new Vivado project and package a custom IP from a specified directory.

You start with an IP repository directory and create a new Vivado project. In the Vivado project, you
package the custom IP in the repository using the Create and Package Wizard, define the identification
information, and verify the packaged files.

After packaging, you validate the IP was created successfully by completing Synthesis in the created
Vivado project.

The lab project contains source files for a non-working version of the Wave Generator example design.

Step 1: Examine the IP Directory

1. Examine the <Extract Dir>/lab 2/custom ip repo/wave gen vl 0 location.

This directory contains the custom IP files required for packaging the IP. Notice the three
directories are created, as shown in the following figure:

o doc: Directory contains the documentation related to the custom IP.
o src: Directory contains the synthesis and simulation sources for the custom IP.

o tb: Directory contains the testbench for the custom IP.

‘ Ch\Projects\Xilinx\lab_2'\custom_ip_repoi\wave_gen_v1_0

> Include in library = Share with = MNew folder
Name Date modified Type
doc 41072015 8:28 PM File folder
SIC 41172015 3:30 PM File folder
tb 41172015 3:30 PM File folder

Figure 27: Lab 2 Directory Structure

The directory containing the custom IP should be organized to ensure proper packaging.
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When specifying a directory for packaging, there are inference rules that assist in packaging the IP
correctly. For more information, see the Vivado Design Suite: Creating and Packaging Custom IP
(UG1118).

Examine the files in each of the directories for more information about the custom IP.

Step 2: Create a New Vivado Project

Launch Vivado
Launch Vivado.
On Linux:
o Change to the directory where the lab materials are stored: cd <Extract Dir>/lab 2
o Launch the Vivado IDE: vivado
On Windows:

o Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2016.x > Vivado 2016.x

Or
o Click the Vivado 2016.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. For either Windows or Linux, continue the lab from this point.

Create a New Project

1. From the Vivado IDE Getting Started page, select Create New Project to create an empty Vivado
project.

A new or existing project is required to creating and packaging a custom IP. The project
information is used for populating certain fields in the Package IP window.

2. Click Next at the New Project wizard dialog box.

Creating, Packaging Custom IP Tutorial www.xilinx.com l Send Feedback I 31
UG1119 (v2016.1) May 5, 2016


http://www.xilinx.com/
ttp://www.xilinx.com/cgi-bin/docs/rdoc?v=2016.1;d=vivado-creating-packaging-custom-ip.pdf
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG1119&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Creating%20and%20Packaging%20Custom%20IP&releaseVersion=2016.1&docPage=31

& XILINX

AL PROQRAUMARLE, Lab 2: Packaging a Specified Directory

3. In the Project Name page, as shown in the following figure, set the following options for the project
location:

o Project name: project lab2

o Project location: <Extract Dir>/lab 2

-

=

¢ New Project
Project Hame

Enter a name for your project and specify a directory where the project '
data files will be stored.

Project name: | project_lab2
Project location: | C:/Projects/Xilinx/lab_2 D
Create project subdirectory

Project will be created at: C:/Projects/Xilinx/lab_2/project_lab2

[ < Back " Next = l Finish

Figure 28: New Project — Project Name

4. Click Next.
5. Select RTL Project as the Project Type and Do not specify sources at this time.
6. Click Next.
7. In the Default Part dialog box, select the xc7k70tfbg484-2 part, and click Next.
4. New Project @
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘

Select: | & Parts | Boards

4 Filter
Product category: | All - Package: All -
FEamily: All - Speed grade: |All -
Sub-Family: All hd Temp grade: | All -
Si Revision: All -
Search: xc7k70tthg484-2 (2 matches)
/O Pin Available  LUT ! Block Gb GT
e Count 10Bs Elements ginElops RAMs RSES Transceivers Tr
4 xc7k70tfbg
@ xc7k70tfbg484-2L 484 285 41000 82000 135 240 4 4
< I 3

Figure 29: New Project — Default Part
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8. For this lab, you select a Kintex®-7 device. This device family is used for the initial compatibility of
the custom IP.

9. Click Finish to close the New Project Summary page, and create the project.

The Vivado IDE opens project_lab2, with the default layout.

Step 3: Package the IP Directory

After creating the new empty project, the next step is to create and package the custom IP directory.
1. From the Tools menu, select Create and Package IP to open the Create and Package IP Wizard.

2. Click Next at the Welcome screen for the Create and Package New IP dialog box, shown in the
following figure.

3. In the Create Peripheral, Package IP, or Package a Block Design dialog box, select Package a
specified directory, and click Next.

dL Create and Package New IP | 83 |

Create Peripheral, Package IP or Package a Block Design
Please select one of the following tasks. ‘

Packaging Options

Fackage your current project
Use the project as the source for creating a new IF Definition.
Mote: All sources to be packaged must be located at or below the specified directory.

Package a block design from the current project
Choose a block design as the source for creating @ new IP Definition.

i@ Package a specified directory
~ Choose a directory as the source for creating a new IP Definition.

Create AX14 Peripheral

=y Create a new AXT4 peripheral
Create an AXI4 IP, driver, software test application, IP Integrator AX14 BFM simulation
and debug demonstration design.

< Back ” Next = Finish

Figure 30: Create Peripheral, Package IP or Package a Block Design

4. Set Directory to <Extract Dir>/lab2/custom ip repo/wave gen vl 0, asshown in the
following figure.
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P

#- Create and Package New IP | &3 |
Package a Specified Directory
Select the directory where sources to be packaged are located. ‘

Directory: | C:/Projects/Xilinx/lab_2/custom_ip_repofwave_gen_v1_0 E]

|| Package as a library core

I < Back ” Mext = l FEinish

Figure 31: Package a Specified Directory

5. Click Next.
6. On the Edit in IP Packager Project Name page, leave the default locations, and click Next.

When packaging a specified directory, the custom IP is packaged through an edit IP project. The
default options create an edit IP project in the project temporary location. The edit IP project can
be saved for future editing, but a new edit IP project can always be created later.

7. Click Finish.

An edit IP project opens in a new Vivado window with the Package IP window opened. The Package
IP window displays the basic IP package in a staging area for editing and repackaging.

8. Leave project lab2 open during this process.
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Step 4: Examine and Update the Packaged IP

The edit IP project is created as a standard RTL project with the directory sources included. The
Package IP window shows the current IP identification information.

. Project Summary X | & Package IP - wave_gen X O =
Packaging Steps % || Identification ?
+ Identification Vendor: xilinx.com
+ Compatibility Library: user
' File Groups Name: wave_gen
& Customization Parameters WL 1.0
v Ports and Interfaces Display name: wave_gen_vl_0
Description: wave_gen_vl_0

Addressing and Memory
Vendor display name:
+ Customization GUI

Company url:
Review and Package . i - .
Root directory: c:/projects/xilinx/lab_2/custom_ip_repofwave_gen_v1_0
®ml file name: c:/projects/xilinx/lab_2/custom_ip_repo/wave_gen_v1_0/component.xml
Categories
= /UserIP

Figure 32: Package IP

Update the IP Identification

1. In the Identification page, set the following options:
e Vendor: my_company
¢ Name: wave_gen_tutorial
¢ Display name: Wave Generator Tutorial
e Description: UG1119 Tutorial Lab #2 - Wave Generator tutorial design
¢ Vendor display name: My Company

e Company url: http://www.my_company_name.com
2. In the Categories section, click the Add button + to add a new category.

3. In the IP Categories dialog box, click the Add button + to add a custom category.
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4. 1In the Add IP Category dialog box, shown in the following figure, set the option to My Company
and click OK.

-

4. Add IP Category | 23

Provide a new name for the IP Category to be addedCategory must start
with an alphabet and subsequent levels should be dencted by a '/". ‘
Eq:/Example/Category

Name: My Company

Ok ] I Cancel

Figure 33: Add IP Category

5. Click OK to close the Add IP Categories dialog box.

Examine the IP File Groups

The File Groups page provides a listing of the files to be packaged as part of the custom IP.

1. Examine the files packaged as part of the custom IP to understand how the IP directory correlates to
the File Groups.

* Package IP - wave_gen X [m]

LI
Packaging Steps «|| File Groups ?
+ Identification A name Library Name Type IsInclude File Group Name Model Name
A
- = —H= Standard
v Compatibility =5 [ Synthesis (26) wave_gen
. [HE Simulation (24) wave_gen
+ File Groups S =8 = Advanced
o 4 e UILayout (1)
+' Customization Parameters @Y @5 Test Bench (8)
[
+' Ports and Interfaces bt

Addressing and Memory
+ Customization GUI

Review and Package

Figure 34: Package IP - File Groups

2. In the Packaging Steps toolbar, select the File Groups page.

3. Expand the file group folders as shown in the following figure.
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File Groups
X | Name Library Name Type Is Include File Group Name Model Name
= —
e = Standard [
= =& Synthesis (26) [ wave_gen
= -4 srefwave_gen_pins.xdc xdc [ xilinx_anylanguagesynthesis

E ~f4 srefwave_gen_timing.xdc xdc [ xilinx_anylanguagesynthesis

o -8 sre/meta_harden.v verilogSource (. xilinx_anylanguagesynthesis
od W8 srefclk_core.v verilogSource i xilinx_anylanguagesynthesis
] -8 srefclk_div verilogSource (. xilinx_anylanguagesynthesis

v

“ src/clogb2.vh

® src/debouncer.v

w8 srcfreset_bridge.v
w8 srcfto_bocdw

~@# srefuart_baud_gen.v
&8 srefuart_rx_ctlv

- @8 srofuart_te_ctlw

- &8 srgfchar_fifo.v

- @ srefclk_bus.y

- w8 srofclk_gen.v

-8 srgfemd_parse.v
-8 srefdac_spiv

® srcflb_ctlw

-8 srefresp_gen.v
-l srefrst_gen.y
-8 srofsamp_gen.v
- @8 srofsamp_ram.v
@8 srofuart_noy

verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource
verilogSource

xilinx_anylanguagesynthesis
xilin¥_anylanguagesynthesis
xilin®_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilin®_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis

Figure 35: Package IP - File Groups Expanded

The File Groups page is the listing of the files for the custom IP. The file groups for the custom IP
match with directory structure of the IP directory.

The synthesis and simulation file groups contain the HDL files associated with the /src directory.
The synthesis file group contains two additional files from the /src directory, the XDC files.

The Product Guide file group is populated with the PDF from the /doc directory and the Testbench

file group is populated with the /tb directory.

4. Notice that the testbenches are located within its own file group and not in the Simulation file

group.
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Repackage the IP

The custom IP was packaged at the end of the Create and Package IP wizard. Because changes
occurred in the Package IP window, the custom IP must be repackaged for the changes to take effect.

1. In the Packaging Steps toolbar, select the Review and Package page.

* Package IP - wave_gen X

O =
Packaging Steps “ | Review and Package ?
+' Identification Summary
+ Compatibility Display name: Wave Generator Tutorial
Description:  UG1119 Tutorial Lab #2 - Wawve Generator tutorial
+' File Groups design
¥ Customization Parameters Root directory: c:/projects/xilin/lab_2/custom_ip_repo/wave_gen_v1_0

+' Ports and Interfaces
Addressing and Memory
+" Customization GUI
After Packaging
Review and Package
o An archive will not be generated. Use the settings link below to change your preference
o This project will remain on disk after completion

edit packaging settings

Package IP

Figure 36: Review and Package
2. Click the Package IP button to repackage the IP.

3. After the packaging process completes, close the Vivado edit IP project.

Creating, Packaging Custom IP Tutorial www.xilinx.com l Send Feedback I 38
UG1119 (v2016.1) May 5, 2016


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG1119&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Creating%20and%20Packaging%20Custom%20IP&releaseVersion=2016.1&docPage=38

& XILINX

AL PROQRAUMARLE, Lab 2: Packaging a Specified Directory

Step 5: Validate the Custom IP

With the new custom IP packaged, the next step is to verify the repository in the IP Catalog and validate
the generation of the custom IP. You can use the project_lab2 created in the earlier steps to validate
the IP.

Check the IP Repository Project Settings

The project that packaged the specified directory has the IP repository path in the project repository
manager. You can validate the IP repository in the project settings at this time.

1. In Flow Navigator > Project Manager, select Project Settings.
2. In the Project Settings dialog box, select IP in the sidebar.

3. In the Repository Manager tab, check the existence of the IP repository
<Extract Dir>/lab 2/custom ip repo/wave gen vl O.

The Wave Generator Tutorial IP shows in the IP in Selected Repository list.

-

¢ Project Settings | 23|

. P
@ General” Repository Manager | Packager | IP Cache

General (i Add directories to the list of repositories. You may then add additional IP to
(i a selected repository. If an IP is disabled then a tool-tip will alert you to the

Il
reason.
Simulation IF Repositories

&

£ c:/Projects/Xiliny/lab_2/custom_ip_repo/wave_gen_v1_0 (Project)

"

Elaboration

\4

Synthesis

>

Implementation

Jo
1010
oo

Bitstream

P Refresh All

’ OK ” Cancel H Apply

Figure 37: IP Project Settings

Note: Vivado selects the IP directory location as the repository. You can select the parent
repository directory and Vivado traverses the subdirectories for packaged IP.
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4. Click OK to close the Project Settings dialog box.

Customize the IP
1. In Flow Navigator > Project Manager, select IP Catalog.

2. Inthe search field at the top of the IP Catalog, type Wave Generator.

| {1 catalog X | O X
ﬂ Search: | .- Wave Generator (2 matches)

(===l Fa

= Name AXI4 Status License VLNV

g

= |=+& User Repository (c:/projects/xilinx/lab_2/custom_ip_repo/wave_gen_v1_0)

=+ My Compan
] |Production |included  |my_company:user:wave gen_tutorial:1.0

E'_% = UserIP
i I Wave Generator Tutorial |  |Production [|Included  |my_company:user:wave_gen_tutorial:1.0
g Details
% Mame: Wave Generator Tutorial
— | Version: 1.0 (Rev. 1)
Description: UG1119 Tutorial Lab #2 - Wave Generator tutorial design

Status: Production

License: Included

Wendor: My Company
VLNV: my_company:user:wave_gen_tutorial:1.0

Repository: c:fprojects/xilinx/lab_2/custom_ip_repo/wave_gen_v1_0

Figure 38: IP Catalog

The Wave Generator Tutorial IP is reported under the UserIP category as well as the custom
category My Company that was created during packaging.
Note: This IP Catalog view shows when the Taxonomy and the Repository options are selected for
Grouping the IP. See the Vivado Design Suite: Creating and Packaging Custom IP (UG1118) for
more information about IP Groups.
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3. Right-click the Wave Generator Tutorial IP and select Customize IP.

The following figure shows the Wave Generator Tutorial IP view.

1F Customize IP 23
Wave Generator Tutorial (1.0) '

[ Documentation [ IP Location C3J Switch to Defaults

/| Show disabled ports Component Mame |wave_gen_tutorial _0

Baud Rate 115200
Clock Rate Rx | 200000000

Clock Rate Tx | 166667000

txd_pin
clk_pin_p i !
) spi_clk_pin Nsamp Wid |10
dk_pin_n Spi_mosi_pin
rst_pin v Jj_ Pwr 3
) dac_cs_rn_pin
Fwd_pin )
b el ri dac_clr_r_pin
sel_pin
=l led_pinz[7:0]

[ oK ] | Cancel

Figure 39: Customize IP - Wave Generator Tutorial

4. Click OK to accept the default configuration options.
5. In the Generate Output Products dialog box, select Generate.

This generates the various files required for this IP in the current Manage IP project, and launches an
Out-Of-Context synthesis run for the IP to create a DCP. The Generate Output Products dialog re-
opens to report the output products were generated successfully.

Conclusion

You have successfully created the Wave Generator Tutorial IP by packaging a specified directory. Close
the project and exit the Vivado tool. You cannot continue further with this design because it will not
complete implementation. In this lab, you did the following:

e Used the Create and Package IP wizard to package a specified directory for the Wave Generator
Tutorial design.

e Validated the generation of the Wave Generator Tutorial IP output products.
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Introduction

You might need to use a legacy core in Vivado that was originally created in the Xilinx Platform Studio
(XPS) tool.

In this lab, you learn how to convert an XPS processor core, or Pcore, to a Vivado Design Suite native IP
for use in IP integrator. To migrate a legacy core, you need all the libraries on which the main core is
dependent. This lab uses a simple GPIO Pcore from an XPS project. This core has several dependencies
on the following libraries:

e proc_common_v3_00_a

e axi_lite_ipif_vl_01_a

e interrupt_control_v2_01_a
e axi_gpiovl 01l b

To migrate this Pcore, you must determine all the files that are needed for the GPIO IP, package them
as library cores (or sub-cores), add the sub-cores to the IP Catalog, and then package the GPIO IP.

Step 1: Create a New Vivado Project

Launch Vivado
On Linux:
o Change to the directory where the lab materials are stored: cd <Extract Dir>/lab 3.
o Launch the Vivado IDE: vivado.
On Windows:

o Launch the Vivado Design Suite IDE, by using either of the following methods:
Start > All Programs > Xilinx Design Tools > Vivado 2016.x > Vivado 2016.x

o Click the Vivado 2016.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. For either Windows or Linux, continue the lab from this point.
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Create a New Project

1. From the Vivado IDE Getting Started page, select Create New Project to create an empty Vivado
project.

A new or existing project is required to creating and packaging a custom IP. The project information
populates certain fields in the Package IP window.

2. Inthe New Project Wizard dialog box, click Next.

3. Asshown in the following figure, set the following options:
o Project name: project lab3
o Project location: <Extract Dir>/lab 3
o Check the Create Project subdirectory box.

The following figure shows these settings.

£

#- New Project G
Project Hame

Enter a name for your project and specify a directory where the project ‘
data files will be stored.

Project name: | project_lab3
Project location: | C:/Projects/Xilinx/lab_3 |:|
/| Create project subdirectory

Project will be created at: C:/Projects/Xilinx/lab_3/project_lab3

< Back ” Mext = Einish Cancel

Figure 40: New Project — Project Name

4. Click Next.

5. Select a Project Type of RTL Project and Do not specify sources at this time.

6. Click Next.

7. On the Default Part page, select the xc7k70tfbg484-2 part, and click Next.
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The following figure shows the New Project: Default Part dialog box.

¢ New Project @
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘
Select: | & Parts | @ Boards
4 Filter
Product category: | All - Package: All -
Eamily: All - Speed grade: |All -
Sub-Family: All - Temp grade: | All -
Si Revision: All A
Reset All Filters
Search: xc7k70tfbg484-2 (2 matches)
I/O Pin Available  LUT ' Block Gh GTXE2
Part Count I0Bs Elements EEELE RAMs DSPs Transceivers Transc
i xc7k70tfbgas4-2 41000 82000 135 f240 _J4 ___J4
@ xc7k70tfbg484-21 484 285 41000 82000 135 240 4 4
1 1] =
< Back ” Mext > Finish

Figure 41: New Project - Default Part

You have selected a Kintex®-7 device. This device family is used for the initial compatibility of the
custom IP.

8. In the New Project Summary page, which opens, click Finish to create the project.

The Vivado IDE opens project lab3, the default layout.
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Step 2: Package a Library Core

As discussed in the Introduction of this lab, the GPIO Pcore requires several library references (sub-
cores) to function.

Because these library cores do not exist in the latest Vivado releases, start by packaging the libraries
before you package the GPIO Pcore.
Use the Create and Package Wizard

1. From the Tools menu, select Create and Package IP to open the Create and Package IP wizard.

2. In the Create and Package New IP dialog box welcome screen, click Next.

3. In the Create Peripheral, Package IP, or Package a Block Design screen, select Package a specified

directory.
4. Create and Package New IP @
Create Peripheral, Package IP or Package a Block Design
Please select one of the following tasks. ‘

Fackaging Options

Package your current project
Use the project as the source for creating a new IF Definition.
Mote: All sources to be packaged must be located at or below the specified directory.

Package a block design from the current project
Choose a block design as the source for creating a new IP Definition.

(@ Package a specified directory
- Choose a directory as the source for creating a new IP Definition.

Create AXI4 Peripheral

=y Create a new AXI4 peripheral
Create an AXI4 IF, driver, software test application, IF Integrator AXI4 BFM simulation
and debug demonstration design.

T1
]

< Back “ MNext = §  Finish Cancel

Figure 42: Create Peripheral, Package IP or Package a Block Design
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4. 1In the Package a Specified Directory dialog box, shown in the following figure, set the options as
follows:

o Directory: <Extract Dir>/lab3/pcores/proc_common v3 00 a

o Check the Package as a library core option.

-

#- Create and Package New IP | 23 |
Package a Specified Directory
Select the directory where sources to be packaged are located. ‘

Directory: | C:/Projects/Xilinx/lab_3/pcores/proc_common_v3_00_a E]

Package as a library core

< Back ” MNext = Einish

Figure 43: Package a Specified Directory

5. Click Next.
6. In the Edit in IP Packager Project Name page, leave the default locations, and click Next.
7. Click Finish.

An edit IP project opens in a new Vivado window with the Package IP window opened. The Package
IP window displays the basic IP package in a staging area for editing and repackaging.
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Update the IP Information

Because you selected the library core option, the Package IP window has as subset of available options
for the custom IP, as shown in the following figure.

1. Update the library core with the necessary information, as follows:
2. Select the Identification page, and fill in the following fields:

o Display name: proc_common_v3_00_a

o Description: Proc Common v3.00.a Library Core

Note: Notice that the Vendor and Library fields are auto-populated.

¢ Package IP - proc_common X O @ X
Packaging Steps « || Identification ?
Identification Vendor: xilinx.com
+' File Groups Library: ip
Review and Package Name: proc_commaon
Version: 3.00.a
Display name: 1]
Description: 1]

Vendor display name:

Company url:
Root directory: c:/projects/xilinx/lab_3/pcores/proc_commeon_v3_00_a
#ml file name: c:/projects/xilinx/lab_3/pcores/proc_common_v3_00_a/component.xml
Categories
+
4+ o conte
.

Figure 44: Package IP

Select Review and Package to view the name, location, and Root directory information about the library
core, as shown in the following figure.
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° Package IP - proc_common X [T
Packaging Steps % || Rewiew and Package ?
Identification Summary
+' File Groups Display name:
Description:

Review and Package Root directory: c:/projects/xilinx/lab_3/pcores/proc_common_v3_00_a

After Packaging

= An archive will not be generated. Use the settings link below to change your preference
= This project will remain on disk after completion

edit packaging settings

Package IP

Figure 45: Review and Package

3. Click Package IP.
This completes the packaging for the proc common v3 00 a library core. If prompted, you can
close the edit_ip_project.

Package Additional Library Cores

Repeat the steps to package the axi lite ipif vl 01 library and the
interrupt control v2 01 a libraries. When packaging these two library cores, ensure that the
display name and descripts for each of the library cores are as follows:

Library Core Display Name Description

axi_lite_ipif axi_lite_ipif_vl_01_a AXI Lite IPIF v1.01.a Library Core

interrupt_control interrupt_control_v2_01_a | Interrupt Control V2.01.a Library
Core

IMPORTANT: When packaging the additional library cores, the axi_1ite ipif and the
interrupt control v2 01 a libraries will display a green checkmark for the File Group page.
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Step 3: Package the GPIO IP

Now that all the library cores are properly packaged, you can package the GPIO IP from the originally
created lab 3 project.

1. From the Tools menu, select Create and Package IP to open the Create and Package IP wizard.
2. Click Next at the Welcome screen for the Create and Package New IP dialog box.

3. In the Create Peripheral, Package IP, or Package a Block Design dialog box, select Package a
specified directory.

4. 1In the Package a Specified Directory dialog box, set the following option:
Directory: <Extract Dir>/lab3/pcores/axi gpio vl 01 b.

I ot

¢ Create and Package New IP [em]
Package a Specified Directory
Select the directory where sources to be packaged are located. ‘

Directory: | C:/Projects/Xilinx/lab_3/pcores/axi_gpio_v1_01_b |:|

Package as a library core

| <Back | Next>

T1
m
]

Cancel

Figure 46: Package a Specified Directory

5. Click Next.
6. On the Edit in IP Packager Project Name page, leave the default locations, click Next, and then click
Finish.

The Create and Package IP wizard collects the available information from the specified location.
When specifying a directory for packaging, there are inference rules that assist in packaging the IP
correctly.

For XPS Pcores, if a peripheral analyze order file (PAO file) exists in the data directory, the wizard
reads this file and uses the associated library information.
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An edit IP project opens in a new Vivado packaging window with the Package IP window opened.

© Package IP - axi_gpio X O
Packaging Steps «|| Identification ?
+ Identification Vendor: xlime.com
+ Compatibility Library: user
' File Groups Mame: axi_gpio
%" Customization Parameters Version: 1.0
 Ports and Interfaces Display name: axi_gpio_v1_0
Description: axi_gpio_v1_0
+ Addressing and Memory
Vendor display name:
%" Customization GUI
Company url:
Review and Package Root directory: c:/projects/xilinx/lab_3/pcores/axi_gpio_v1_01_b
¥ml file name: c:/projects/xilinx/lab_3/pcores/axi_gpio_v1_01_b/component.xml
Categories
L JUserIP
Figure 47: Package IP
Update the IP Identification
1. In the Package IP window, update the following information:
o Vendor: my_company
o Name: axi_gpio
o Display name: My AXI GPIO EDK Pcore Tutorial
o Description: UG1119 Tutorial Lab #3 - AXI GPIO EDK Pcore
o Vendor display name: My Company
o Company url: http://www.my_company_name.com
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2. Click the File Groups page to validate that the proper Sub-Core References (Library Cores) were
added to the Package IP window.

In this case the Interrupt Controller, the AXI Lite IPIG and the Proc Common display in the
/Sub-Core References directories for Synthesis and Simulation.

File Groups ?
aQ MName

e
=2 [=H= Standard
h&» Synthesis (2)
=& Sub-Core References
4F xilinx.com:ip:interrupt_control:2.01.a
~4F xilinx.com:ip:axi_lite_ipif:1.01.a
iF wilinx.com:ip:proc_common:3.00.a
-l hdl/vhdl/gpio_core.vhd
-l hdl/vhdl/axi_gpio.vhd
=HEr Simulation (2]
== Sub-Core References
~4F xilinx.com:ip:interrupt_control:2.01.a
AF wilinx.com:ip:axi_lite_ipif:1.01.a
“4F xilinx.com:ip:proc_common:3.00.a
-l hdlfvhdl/gpio_core.vhd
- hdl/vhdl/axi_gpio.vhd
[+&0 Product Guide (1)
[=HE Advanced
[+ UT Layout (1)
[+ Data Sheet (1)

Library Name Type Is Include File Group Name Model Name

axi_gpio

WO || 4
[

vhdlSource
vhdlSource

axi_gpio_vl...
axi_gpio_vl...

xilinx_anylanguagesynthesis
xilinx_anylanguagesynthesis
axi_gpio

vhdlSource
vhdlSource

axi_gpio_vl...
axi_gpio_vl...

xilinx_anylanguagebehavi...
xilinx_anylanguagebehavi...

Figure 48: Package IP: File Groups

3. Click the Customization Parameters to explore the parameters defined for the custom IP.

Creating, Packaging Custom IP Tutorial

Customization Parameters ?
N Name Description  Display Name Value Value Bit String Length  Value Format
2 Customization Parameters
-] & C_INSTANCE C Instance x_gpio_inst 0 string
X 3 C_S_AXI_ADDR_WIDTH C S A Addr Width 9 0 fong
= ¥ C_S_AXI_DATA_WIDTH C S Ax Data Width 32 0 long
% ¥ C_GPIO_WIDTH C Gpio Width 32 0 long
) C_GPIO2_WIDTH C Gplo2 Width 32 0 long
® & C_ALL_INPUTS C All Inputs 0 0 long
& C_AUL_INPUTS_2 C All Inputs 2 0 0 long
@ C_INTERRUPT _PRESENT C Interrupt Present 0 0 long
» C_DOUT_DEFAULT C Dout Default 0x00000000 32 bitString
C_TRI_DEFALT C Tri Default OFFFFFFFF 32 bitString
& C_IS_DUAL CIs Dual 0 0 long
# C_DOUT_DEFAULT 2 CDout Default 2  0x00000000 32 bitString
C_TRI_DEFALT_2 C Tri Default 2 OXFFFFFFFF 32 bitString

Figure 49: Package IP — Customization Parameters
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4. Click Review and Package to view the Summary of the custom IP, as shown in the following figure.

© Package IP - axi_gpio X

[ R Ea s
Packaging Steps «|| Review and Package ?
+/ Identification Summary
+ Compatibility Display name: My AXIGPIO EDK Pcore Tutorial
Description: UG1119 Tutorial Lab #3 - AXI GPIO EDK Pcore
+ File Groups

Root directory: c:/projects/xiling/lab_3/pcoresfaxi_gpio_vi_01_b
+ Customization Parameters

+ Ports and Interfaces
+ Addressing and Memory
+" Customization GUI

After Packaging

Review and Package o An archive will not be generated. Use the settings link below te change your preference

o This project will remain on disk after completion

edit packaging settings

Package IP

Figure 50: Package IP — Review and Package

5. Click the Package IP button to update the IP with the changes you made in the Package IP window.

6. After packaging is complete, close the edit ip project.
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Step 4: Validate the New Custom IP

After completing packaging of the library cores and the AXI GPIO IP, you can use project lab3 that
you created to validate the generation of the custom IP.

IMPORTANT: Because you packaged the custom IP and library cores in this lab, the Repository
Manager already contains the paths to the custom IP. If you use another project for validation, the
repository paths for the custom IP and the library cores must be set.

1. Inthe Flow Navigator > Project Manager, select IP Catalog.
2. Inthe search field at the top of the IP Catalog, type AXI GPIO.
The My AXI GPIO EDK Pcore Tutorial IP shows under the /UserIP directory.

{FIP Catalog X Ow =
il Search: AXI GPIO (2 matches)

&1 -1

g

MName AXI4  Status License VLNV

[
= =& User Repository (c:/projects/xilinx/lab_3/pcores/axi_gpio_v1_01_b)

S| UserIP

~ T4 Jeroducton Tincuded
% == vivado Repository

I} == Embedded Processing

[=H= AXI Peripheral

]
n == Low Speed Peripheral
: p p
i ~4F AXIGFIO AXM  Production Included xilinx.com:ip:axi_gpio:2.0
@
Details
Name: My AXI GPIO EDK Pcore Tutorial

Version: 1.0 (Rev. 1)
Interfaces: AXM
Description: UG1119 Tutorial Lab #3 - AXI GPIO EDK Pcore

Status: Production

License: Included

Vendor: My Company

VLNV my_company:user:axi_gpio:1.0

Repository: c:/projects/xilinx/lab_3/pcores/axi_gpio_v1_01_b

4 1 =

Figure 51: IP Catalog
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3. Right-click the My AXI GPIO EDK Pcore Tutorial IP and select Customize IP.
4. Click OK to accept the default configuration options.
5. In the Generate Output Products dialog box, select Generate.

The files required for this IP in the current Manage IP project generate, and an out-of-context (OOC)
synthesis run for the IP generates and creates a DCP file.

The Generate Output Products dialog re-opens to report that the output products generated
successfully.

6. Close the project and exit the Vivado tool.

Conclusion

This concludes Lab #3.

You have successfully created the AXI GPIO Pcore IP by packaging the /Pcore directory as well the
library dependencies. In this lab, you did the following:

e Used the Create and Package IP Wizard to package a specified directory for each of the library
cores.

e Used the Create and Package IP Wizard to package a specified directory for the GPIO Pcore.
e Validated the generation of the GPIO Pcore custom IP.
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Introduction

In this lab, you define new custom IP from a set of example files that mimic a repository development
trunk. In addition, this lab describes the process for creating custom IP that depend on files from other
IP within the repository trunk.

You start with an IP repository trunk and create a new Vivado project. In the Vivado project, you
package the different custom IP in the repository using the Create and Package IP Wizard. You also
identify which need to be library cores, and verify the packaged files. The lab project contains Verilog
source files.

Step 1: Examine the Repository Trunk Directory

1. Examine the <Extract_Dir>/lab_4/trunk location.

The directory contains the files for the respective custom IP that would exist in the repository. In
particular, there are two source directories as shown in the following figure:

o common vl 0:Directory contains source for logic common to the IP within the repository
trunk.

o myip vl 0: Directory contains source for custom IP.

| v Computer » Local Disk (C:) » Projects » Xiline » lab 4 » trunk »

- Include in library = Share with « Mew folder
Mame Type Size
common_vl_0 File folder
myip_v1 0 File folder

Figure 52: Lab 4 Directory Structure

The common_v1 0 directory contains a source file that is required by myip v1 0. Because the
component . xml file formyip v1 0 cannot reference a source file from outside the IP root
directory, the source file from common v1 0 must be referenced differently.
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Note: The directories containing the source files should be organized to ensure proper packaging.
For an example on how to properly organize your source files, see Lab 2: Packaging a Specified
Directory. Although not described in this lab, if your repository trunk does not have the same
structure, you can package each source directory by packaging the associated Vivado project.

2. Examine the files in each of the directories for more information about the structure of the
repository trunk.

Step 2: Create a New Vivado Project

Launch Vivado
On Linux:
o Change to the directory where the lab materials are stored: cd <Extract Dir>/lab 4.
o Launch the Vivado IDE: vivado.
On Windows:

o Launch the Vivado Design Suite IDE, by using either of the following methods:
Start > All Programs > Xilinx Design Tools > Vivado 2016.x > Vivado 2016.x

o Click the Vivado 2016.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. For either Windows or Linux, continue the lab from this point.

Create a New Project

1. From the Vivado IDE Getting Started page, select Create New Project to create an empty Vivado
project.

Note: A new or existing project is required to creating and packaging a custom IP. The project
information is used for populating certain fields in the Package IP window.

2. Click Next at the New Project wizard dialog box.

3. Inthe Project Name page, as shown in the following figure, set the following options for the project
location:

o Project name: project lab4

o Project location: <Extract Dir>/lab 4
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© N ook

i

#  Mew Project

Project Name

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

Project name: | project_lab4
Project location: | C:/Projects)=ilinxglab_4

| Create project subdireckary

Project will be created at: C:fProjects)iline/lab_4/project_lab4

| ? | | < Back ” Mext = I Einizh

1

£3

y

| Cancel |

Figure 53: New Project — Project Name

Click Next.

Select RTL Project as the Project Type and check Do not specify sources at this time.

Click Next.

In the Default Part dialog box, select the xcku040-ffvall56-2-e part and click Next.

For this lab, you select an Ultrascale device. This device family is used for the initial compatibility of

the custom IP.

Click Finish to close the New Project Summary page, and create the project.

The Vivado IDE opens project lab4, with the default layout.
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Step 3: Package the Library Core

After creating the new empty project, the next step is to create and package the common IP directory.
The order of the packaging the IP directories are important because they need to be packaged in the
order of dependency. All of the child IP must be packaged prior to packaging the parent IP. You will be
setting this IP directory as a library core which is a special kind of IP which is not for standalone use.

Use the Create and Package IP Wizard

1. From the Tools menu, select Create and Package IP to open the Create and Package IP Wizard.

2. Click Next at the Welcome screen for the Create and Package New IP dialog box.

3. In the Create Peripheral, Package IP, or Package Block Design dialog box, select Package a

specified directory, as shown in the following figure.

r

¢ Create and Package New IP

Create Peripheral, Package IP or Package a Block Design
Please seleck one of the Fallowing tasks, '

Packaging Options

Package wour current project
IJse the project as the source for creating a new IP Definikion,
Moke: All sources to be packaged must be located at or below the specified direckory.

Package a block design From the current project
Choose a block design as the source For creating a new IP Definition,

@ Package a specified directory
Choose a directory as the source for creating a news IP Definition.

Create AXI4 Peripheral

Create a new AXI4 peripheral
Create an %14 IR, driver, software test application, IP Inteqgrator AxI4 BFM simulation and debug
demanstration design.,

[l

| ? | | < Back |[ Mext = Finish | Cancel |

-

Figure 54: Create Peripheral, Package IP, or Package Block Design

4, Click Next.
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5. In the Package a Specified Directory dialog box, shown in the following figure, set the options as
follows:

o Directory: <Extract Dir>/lab 4/trunk/common vl 0

o Check the Package as a library core option.

I =

¢ Create and Package New IP @
Package a Specified Directory
Select the directory where sources to be packaged are located., '
Direckary: | C: [Projects) #ilin:lab_4/trunkf/common_w1_0 |:|

| Package as a library core

? | | = Back, || Next> I Finish | Cancel |

Figure 55: Package a Specified Directory

The Package as a library core option is used when the source is not intended to be used as a
standalone IP. The option is intended to mark IP in the IP Catalog that can only be used as a child
of another IP.

However, any Custom IP can be a child to another IP. If your Custom IP is not a library core, the
process for referencing a child IP is the same. This option is just used to mitigate confusion of
which IP should be used and hidden in the Vivado IP Catalog.

6. Click Next.
7. On the Edit in IP Packager Project Name window, leave the default locations, and click Next.
8. Click Finish.

An edit IP project opens in a new Vivado window with the Package IP window opened. The Package
IP window displays the basic IP package information determined through the wizard. The project is
opened in the staging area for editing and repackaging.
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Update the IP Information

Because you selected the library core option, the Package IP window has a subset of available options

for packaging, as shown in the following figure.

%, Project Summary ¢ | & Package IP - common X
Packaging Steps & Identification
Identification Wendor: siliree . com
o Filz Groups Library: ip
Review and Package Mame: COMImon
Wersion: 1.0
Display name:
Description:

Vendor display name:

Campany url:
Root direckary: ¢ fProjectsxilinglab_4ftrunkfcommaon_v1_0
sl file narne: ci/Projects)xilinx/lab_4trunk/common_v1_0/component, xml
Cateqories
o

Mo cantent

Figure 56: Package IP

1. Update the Identification information as follows:

2. Click the Review and Package page to view the name, location, and root directory information

Vendor: my company

Display Name: My Company Common Library
Description: My Company Common Library Files
Vendor Display Name: My Company

Company url: http://www.my company.com

about the library core.

3. Click Package IP to update the IP with the updated identification information.

This completes the packaging for the common v1 0 library core. If prompted, you can close the

edit ip project.
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Step 4: Package the IP

Using the same project previously created, project_lab4, you will create and package the myip v1 01IP
directory. Since the common IP directory has already been packaged, all the required dependencies are
available to package the parent IP.

Add the IP Repository

Before you package the parent IP, you must set the repository location in the project settings to include
the common v1 0 IP that was just created in the IP Catalog.

1. Inthe Flow Navigator > Project Manager > select Project Settings.
2. In the Project Settings dialog box, select IP in the sidebar.
3. Select the Repository Manager tab, and click the Add Repository button.
4. In the IP Repositories dialog, select the path <Extract Dir>/lab 4/trunk and press Select to
add the repository.
5. The Add Repository dialog opens to display that the trunk repository was added to the project and
1 IP was found, as shown in the following figure.
¢ Add Repository E3
,6, 1 repository was added to the project
Repositary
krunk. (C:/Projecks)Eilineglab_4)
IPs:1 Interfaces:0
0K
Figure 57: Add Repository
6. Click OK.
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7. The Repository Manager tab is now populated with the selected IP repository, as shown in the

8.

following figure.

i

¢ Project Settings [==|
) IP
y} General” Repository Manager | Packager
General (i) Add directories ko the list of repositories. You may then add additional IP ko a
p. ) selected repository. IF an IP is disabled then a tool-tip will alert vou to the reason,
I
IP Repositories
Simulatian c: {Projects Kilinxlab_4/trunk (Project)
53-.\ -
@
Elabioration t

\4

Synthesis

A 4

Irnplemnentation

[,

=
=

oo

Bitskream

=l

Refresh all

H

[ ok ][ Cancel ][ Apply

Figure 58: Project Settings — Repository Manager

Click OK to close the Project Settings dialog.

Use the Create and Package IP Wizard

1. From the Tools menu, select Create and Package IP to open the Create and Package IP Wizard.

2. Click Next at the Welcome screen for the Create and Package New IP dialog box.

3. In the Create Peripheral, Package IP, or Package Block Design dialog box, select Package a
specified directory.

4. Click Next.
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5. In the Package a Specified Directory dialog box, shown in the following figure, set the options as
follows:

e Directory: <Extract Dir>/lab 4/trunk/myip vl O

¢ Do not check the Package as a library core option.

# Create and Package New IP &3
Package a Specified Directory
Select the directory where sources to be packaged are located. '
Directary: | C:fProjecks Eilinelab_g/tronkmyip_vl_0 |:|

Package as a library core

7 | | = Back ” Mext = Einish Cancel

Figure 59: Package a Specified Directory

6. Click Next.
7. On the Edit in IP Packager Project Name window, leave the default locations, and click Next.
8. Click Finish.

An edit IP project opens in a new Vivado window with the Package IP window opened, as shown in
the following figure, to continue with the next steps.

T Project Summary X | & Package IP - myip_top X [ N E
Packaging Steps <« Identification ?
R vendor: wiliri:.com
 Campatibilicy Library: user
+/ File Groups Mare: myip_top
Customization Parameters Wersion: 1.0
+ Ports and Interfaces Display name: myip_top_v1_0
Description: myip_top_v1_0

Addressing and Memary

Vendor display name:
+ Custamization GLIT

Compary url:
Review and Package
Roat directory: c:fProjectsfKilinx/lab_a/trunkfmyip_v1_0
il file name: c:fProjectsi¥ilinglab_4/trunk myip_v1_0jcomponent. <l
Categories
+ [UserIP
-
1
+

Figure 60: Package IP
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9. Update the IP Information and Contents In the Package IP window, update the following
information on the Identification page:

e Vendor:my company

e Display Name: My 1P

e Description: UG1119 Tutorial Lab #4 - My IP
¢ Vendor Display Name: My Company

e Companyurl: http://www.my company.com

10. Click the File Groups to examine the files included in the packaged IP, as shown in the following
figure.

F, Project Summary X | & Package IP - myip_top X o
File Groups 7
O | Mame Library Mame Twvpe Is Include  File Group Mame Model Mame
w = -2 Standard
| g i EEY Synthesis (1) myip_kop
n| & P - . . " .
= Eob BB srofmvip_top.v verilogSource xilinz_arylanguagesynthesis
c .
o 55| | E-Ey Simulation (1) ——
% L @B srolmyip_top.y verilogSource xilinx_arylanguagebehavioralsimulation
A |
oo == Advanced

= E-E T Layoot (1)
oy

Figure 61: File Groups

The packaged IP only contains the top-level source file myip top as this was the only file in the
selected IP directory <Extract Dir>/lab 4/trunk/myip v1 0. This file instantiates the IP

common vl 0.

11. As reference, if you examine the Hierarchy Sources Viewer (HSV) in the project, you can see that the
common module is missing, as shown in the following figure.
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Project Manager - edit_ip_project
Sources T O 2=
A= w3
[=-{=7 Design Sources (2]
- - myip_top (myip_top.v) (1)
PR [2 comman - comman_kap
R IP-RACT (1)

| Constraints
- Sirmulation Sources (1)

Hierarchy | Libraries | Compile Order

Figure 62: Hierarchy Sources Viewer

This is expected behavior, because you add the missing IP source files through the Package IP
window.

12. In the File Group window, right-click on the Synthesis file group and select Add Sub-Core
Reference, as shown in the following figure.

File Groups
L Mame Library Mame  Type Is Include
. =+ Standard [l
e BT
(=] '

- L 7 srcimyip_top. &dd Files, .,
Tk Simulation (1)

L8 srcimyip_top,
oY == Advanced
@ B U Layout (1) B Add File Group...

CH

#dd Sub-Core Reference. .,

Remove File Group

Copy Ta F
Refresh Table

L

Export to Spreadsheet. ..

Figure 63: Add Sub-Core Reference Option
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13, In the Add Sub-Core Reference dialog box, select the My Company Common Library that you
created in the previous steps, as shown in the following figure.

P "

¢ Add Sub-Core Reference @

Select IP to be used as references in File Group: Synthesis

Search: My Company (1 match)

-1

Marne AxI4 Skatus License VLMY

B My Company Common Library -_ Included  |my_company:ipicommaon: 1,0

Ck ] [ Cancel

Figure 64: Add Sub-Core Reference (Synthesis)

14. Click OK.

The File Groups page is updated with the selected Sub-Core Reference under the Synthesis File
Group, as shown in the following figure.

Adding an IP as a Sub-Core Reference informs the Vivado IDE to copy the files associated IP to the
parent IP during generation; therefore, when myip v1 0 is generated, the common v1 0 files are
copied to the location with the rest of the generated output products. This mechanism allows users
to systematically share IP files.

%, Project Surmmary ¥ | & Package IP - myip_top

File Groups

A Name Library Mame  Tvpe Is Include
i = =11 Standard . ]
% % EIO" Synthesis (1) &l
= . B sub-Core References
= = - ik my_company:ipicomman: 1,0
% + ; el sremvip_top.y verilogSource O
o || =& Simulation (1) O
@ LWl srefmvip_top.y verilogSource O
== Advanced O
[0 UL Layouk (1) [l

Figure 65: File Groups with Sub-Core Reference

The Sub-Core Reference is added for the Synthesis File Group, and the same process needs to be
performed for Simulation.
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15. In the File Group window, right-click the Simulation file group, and select Add Sub-Core Reference.
16. In Add Sub-Core Reference dialog box, select the My Company Common Library.
17. Click OK.

The Sub-Core References are now added to both the Synthesis and Simulation File Groups, as
shown in the following figure. The necessary files from the common v1 0 IP are available to
myip vl 0 for both Synthesis and Simulation.

., Project Surmmary % | & Package IP - myip_top X

File Groups
L Name Library Mame Type Iz Include
w :X_IJ S Standard
D SH° Synkhesis (1)
o = . -5 Sub-Core References
= q ]
= “4F my_company:ipicommon: 1,0
%—',; o @@ sroimyip_top.y verilogSource
o| @ =l Simulation (1)
@[} == Sub-Core References
: “-4F my_company:ipicommaon: 1.0
@ srcfivip_top. werilogSource
=I-[= Advanced

+- 7 U Layouk (17

Figure 66: File Groups with Complete Sub-Core References

18. Click the Review and Package page to view the name, location, and root directory information
about the IP.

19. Click Package IP to update the IP with the updated identification and Sub-Core Reference
information.

This completes the packaging for the myip v1 0 IP. If prompted, you can close the
edit ip project.

Note: Adding a sub-core reference in the Package IP window does affect the state of the edit IP
project. The HSV continues to display the missing modules located within the sub-core reference.
This information only exists within the Package IP window and component.xml. If you want to
verify the IP with the files from the Sub-Core Reference, you can reopen the packaged IP in an edit
IP project through the IP Catalog and the associated Sub-Core Reference files will be present.
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Step 5: Validate the IP

After completing the packaging of the common v1 0andmyip v1 OIP, you can use project lab4
to validate the generation of myip v1 0.

1. In the Flow Navigator > Project Manager, select IP Catalog.
2. Inthe search field at the top of the IP Catalog, type My IP.

The My IP core shows under the /UserIP directory, as shown in the following figure.
E, Project Summary x| 4F IP Catalog  x T O &2 x
Cores | Interfaces Search: My IF

N |

31| name AXl4  Status  Licemse  MLAW
S B[ User Repositary (0:/Projectslinslab 4 fteunk)

=5
- Production

Inchuded  |my_company:user:myip_top:1.0

Details

Marne: My IP
Wersion: 1.0{Rev, 1)
Description: UGE1119 Tutorial Lab #4 - My IP

Status: Production

License: Inchuded

Yendor: My Company

WLMY: my _company;usermyip_top: 1.0
Repository; c:/Projects/wilins/lab_4/trunk,

Figure 67: IP Catalog
3. Right-click the My IP core and select Customize IP.
4. In the Customization IP GUI, click OK.
5. In the Generate Output Products dialog box, select Generate.

By default, the IP is generated out-of-context (OOC), which means the IP is synthesized standalone,
and producing a DCP file. This IP example has not been optimized for ideal use for OOC synthesis.
For more information regarding proper use of your custom IP for OOC synthesis, see the Lab 1:
Packaging a Project exercise.

6. Click OK to close the Generate Output Products message box.

7. After the Out-of-Context Module Run completes successfully, close the project and exit Vivado.
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Conclusion

This concludes Lab #4.

You have successfully created two IP within a repository trunk, and created an IP that referenced
another IP through a sub-core reference.

In this lab, you did the following:

e Used the Create and Package IP Wizard to package a specified directory for the common v1 0
library core.

e Used the Create and Package IP Wizard to package a specified directory for the myip v1 0 IP.

e Referenced the common v1 0 IP as a Sub-Core Reference inmyip v1 0 in the File Groups
page.

e Validated the generation of the myip v1 0IP.
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