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The role of Cores

« A Core (also known as IP Core) Is a stand
alone module

« Can be reused

— Within a design

— Between designs
 Can be configured

 Can be written in different languages
— Verilog, VHDL, system Verilog, C ....

e The module is “packaged” as a core

<
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IP Core Logic

 Design your module
 “Ignore” the top project

 Can be anything from one HDL file to a
complex design

« Test you core in a simulation
— Write a core-specific test bench
— Not a must

e Set timing constraints

e All done?
— Time to wrap your core

<
SNetFPGA



Packaging Cores

 There are (at least) two ways to package a
core:

— Through the Vivado GUI
— Using TCL scripts
 We will explore both

 For best reuse across projects, we
recommend using TCL scripts

— You can use the GUI and still export TCL
— But they are not fully compatible

<
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Packaging a Core using Vivado

File Flow Tools Wwindow Hel b

VIVADO! s o £ XILINX

Quick stag

aaaaaaaa

wme  Create a new project

aaaaaaaaa
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Packaging a Core using Vivado (2)

0 New Project

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '
Project name: |my_ip |
Project location: |/root/my_dir/ (-]

¥ Create project subdirectory

Project will be created at: froot/my_dir/my_ip

Select the project’s name

< Back ” Mewt = ]| Finish || Cancel

P!
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Packaging a Core using Vivado (3)

o New Project

Project Type
Specify the type of project to create. '

(@ FRTLFroject
ihbe able to add sources, create block designs in IP Integrator, generate IF, run RTL analysis, synthesis,

() Post-synthesis Project
You will be able to add sources,

[J Do not specify sources at this time SeIeCt ( RTL PrOJeCtn

(3 Y0 Planning Project
Do not specify design sources, You will be able to view part/package resources,

igw device resources, run design analysis, planning and implementation.

() Imported Project
Create a Vivado project from a Synplify, ¥ST or ISE Project File,

(3 Configure an Example Embedded Evaluation Board Design
Create a new Vivado project from a predefined IP Integrator template design.

< Back ” Mext = ]| Finish || Cancel
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Packaging a Core using Vivado (4)

Mew Project

Add Sources

Specify HOL and netlist files, or directories containing HOL and netlist files, to add to yvour project. Create a '
new source file on disk and add it to your project. You can also add and create sources later,

| Index | MWame | Library | HDL Source For | Location |

«-= 1+

Add HDL files

ll Add Files... |] | Add Directories... ] | Create File...
[ Scan and add RTL include files into projd add Files
Copy sources into project Add HDOL and Metlist files to your project,

Add sources from subdirectories

Target language: Simulator language:

| = Back H Next = ]| Einish || Cancel
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Packaging a Core using Vivado (5)

o New Project

Default Part

Choose a default Xilinx part or board for your project. This can be changed later.

Select: @ Boards

4 Fijlter

Product categony: |AII

FPackage: |1‘fg1?51 = |

y

Earnily: Speed grade: |-3 - |
Sub-Farmily: |V|rtex-? - | Temp grade: |AII Remaining ~ |
| Reset All Filters ]
Search: | |
/0 Pin | Available ‘ LuT ‘ . ‘ Elock ‘ ‘Gb ‘GT}{EE
et ‘ Count ‘ [DBs Elernents FlipFlops P s e Transceivers| Transceiv
‘%’}{E?USBStf‘fgl?ﬁl-B 1,781 2330 3G4200 728400 783 1260 3G 3G
‘%HE?WBBDtﬁgl?Gl-B 1,781 F00 204000 403000 730 1120 23 0
‘%}{E?U}{ﬁlBStﬁgl?ﬁl-B 1,781 F00 303600 GO7200 1030 2800 23 23
@’Hc?wﬁgﬂtﬁgl?ﬁlﬂ 1,751 a30 433200 gaad400 1470 3a00 3G 0
] |
| < Back ” Mewt = ]| Einish | | Cancel ]

P!
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Packaging a Core using Vivado (6)

o New Project

New Project Summary

@ A new RTL project named 'my_ip' will be created.

@ 3 source files will be added.

M Mo Configurable [P files will be added, Use Add Sources to add them later,
M Mo constraints files will be added. Use Add Sources to add them later.

@ The default part and product family for the new project:
Default Part: xc7wwE90tffgl 761-3
Product: Virtex-7
Farnily: Wirtex-7
Package: figl 761
Speed Grade: -3

To create the project, click Finish

< Back “ et = ” Finish ]| Cancel ]
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Packaging a Core using Vivado (7)

File Edit Flow Tools Window Layout View Help

AR |moaRhx|($ b % S X|LBEoeautaoe -] © Ready

Flow Navigator « Project Manager - my_ip X

axs Sources — 0w x Z Project Summary x O x
QT ek @ L project Settings Edit

4 Project Manager

1 Design Sources =
3 Project Settings jverilog (1) Froject name: my_ip
% Add Sources w5 input_arbiter (input_arbiter.v) (2) Project location: Jroot/my_dirmy_ip
 Language Templates 12 in_arb_fifo - fallthrough_small_fifo Product family: Virtex7
L 4 arbiter_cpu_regs_inst - input_arbiter_cpu_regs (ing P t part: F\kEO0LTAl 7613
LF P catalog | Constraints roject part: HermpeQiigl/el
) simulation Sources (2] Top module name:  input_arbiter
4 |P Integrator
§ i 2 i Py
# Create Block Design Synthesis 2  Implementation X
B Open Block Design Status: =) Not started Status: = Mot started
& Generate Block Design O u r ‘ e Messages: Mo errors or warnings Messages: No errors or warnings
Part: HeTv690tffgl 761-3 Part: HeTv690tffgl 761-3
4 Simulation
Strategy: Vivado Synthesis Defsults Strategy: Vivado Implementation Defaults
% Simulation Settings =
— Incremental compile: None
(@) Run simulation I e S
4 RIL Analysis DRC Violations A Timing S
> B Open Elaborated Design
o ] DRC information is not available because it hasn't bean run Timing information is not available because it hasn't been run
4 Synthesis i hy Libraries € s ord
) ST CEEE ierarchy Libraries Compile Order Utilization 2| [Power 2
& Sources ¥ Templates
& Run Synthesis = Utilization information is not available because it hasn't besn run Power information is not available because it hasn't baen run
> B Open Synthesized Design Source File Proparties P m N E
4 Implementation @ input_arbiter.v
% Implementation Settings
B> Run Implementation Location: froot/my_dirfmy_ip/my _ip.srcs/sources_1simp)
> @ Open Implemented Design | ||| TYPS: ™
Library: sil_defaultlib | [ -]
4 Program and Debug b = |J

Size: 18.2 KB
Modified: Thursday 23.07.15 09:34:19 AM

5 Bitstream Settings -
4@ Generate Bitstream
3 Copied to: =<Project Directory=/my_ip.srcs/sources_L/i
> @° Open Hardware Manager
Copied from: froot/MNetFPGA-SUME-dev-crypto_nicvl /libsh
Copied on:  Thursday 23.07.15 08:34:19 AM
Read-only: Mo
Encrypted: Mo
[ Global include
[ T— ol

General Properties

Design Runs = T
Q Name | Constraints | wnS | TnS | wHS | THS | TPwS | FailedRoutes | WUT [ FF | BRAM | DSP | Start | Elapsed | Status | Progress | Strateg
= | &= synth_1 constrs_1 Mot started 0%  Vivado Synthesis Defaults (Vivado Syn
B L= impl_1 constrs_1 Not started 0%  Vivado Implementation Defaults (Vivac
7~

=

14
»
J
<
3
iK1 ]

B Tcl Console  © Messages [E Log 2 Reports 3 Design Runs

Source Mode: input_arbiter (input_arbiter.v)

<
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Packaging a Core using Vivado (8)

o Create and Package New IP

Create and Package IP

This wizard can be used to accomplish two tasks:

Package a new IP for the Vivado IP Catalog

This wizard will guide you through the process of creating a new \fivado IP using source

files and information from your current project or specified directory.

Create a new AXl4d Peripheral
This wizard will guide you through the process of creating a new 2x14 peripheral which

includes HOL, driver, software test application, IP Integrator BFM simulation and debug
dermonstration design.

Tools —» Create
and package IP

VIVADO/

Click Mext to continue

= Back || Newt = ]| Einish | | cancel

<
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Packaging a Core using Vivado (9)

o Create and Package New IP

Choose Create Peripheral or Package IP
Please select one of the following tasks. '

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

() Package a speified directory
Choose a direcf@ry as the source for creating a new P Definition.

() Create a new AXIA peripheral

Create an AX|4 IP\driver, software test application, IP Integrator AX14 BFM simulation and debug
demonstration des\gn.

Package your current project

< Back ” Mewt = ]| Finish || Cancel

<
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Packaging a Core using Vivado (10)

o Create and Package New 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: |/root/my_dirimy_ip/generated_corel ||:J

Packaging IP in the project
@ Include .xci files

O Include IP generated files

Select target folder

< Back ” Mext = ]| Finish || Cancel

P!
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Packaging a Core using Vivado (11)

o Create and Package New IP

New IP Creation

The following pieces of information will be gathered:

o |dentification information based on top module name
o Family compatibility based on part in the project

o

File(s) from Synthesis and Simulation file sets

o

Ports from the file containing the top module
o Parameters from the file containing the top module

o

Bus Interfaces based on port names

o

Address Spaces and Memory Maps based on inferred bus interfaces

Mote: The following files will be created on disk in the specified directony:
component.zml and =gui directory containing IP Customization files,

VIVADO/

Click Finish to continue

< Back “ et = ” Finish ]| Cancel
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Packaging a Core using Vivado (12)

File Edit Flow Tools

g avil X

Flow Navigator «
A=

4 Project Manager
@ Project Settings
5% Add Sources
) Language Templates
ﬂ IP Catalog
L Package IP

4 |P Integrator
7 create Block Design
B Open Block Design
& Generate Block Design

4 Simulation
5 Simulation Settings
@ Run Simulation

4 RTL Analysiz
> E* Open Elaborated Design

4 Synthesis
&5 Synthesis Settings
@ Run Synthesis
> @ Open Synthesized Design

4 |mplementation
@ Implementation Settings
[» Run Implementation
> @¥ Open Implemented Dasign

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

Window Layout View Help

> ¥ @ X|E 6Eomimn ] % %[®

Project Manager - tmp_edit_project

Sources — 0wz x
o =7 e
QAZE a3

= Design Sources (2

1Verilog (1)
&4 input_arbiter (i
1IP-XACT (1)

i Constraints

1 Simulation Sources (2)

ut_arbiter.v) (2)

Hierarchy Libraries Compile Order

Ready

I Project Summary x & Package IP -input_arbiter x

Packaging Steps <« || Identification

¥ Identification vendor: [netfpga.org |

¥ Compatibility Library: [NetFPGA |

+ Fila Groups Narne: [input_arbiter |
wersion: \1‘0 \

+ Customization Parameters

Display narme:

¥ Ports and Interfaces [input_arbiter v1 0

+ addressing and Memory Description:

 Custamization GUI wendor display narne: \NetFFGA

Company url:

\
‘inputiarbiterivlio ‘
\
‘http:f/\ww‘metfpga.org ‘

Review and Package

Categories: fBaselP

Root directory: froot/my_dirfmy_ip/generated_core

Xl file narne: froot/my_dirfmy_ip/generated_core/component.xml

Chénge

& Sources ¥ Templates -
— e category
E d . t ’ . d t . I . t .
I . I d
Design Runs = T
a, Name | Constraints | wnS | TnS | wHS | THS | TPwS | FailedRoutes | WUT [ FF | BRAM | DSP | Start | Elapsed | Status | Progress | Strateg
= | &= synth_1 constrs_1 Mot started 0%  Vivado Synthesis Defaults (Vivado Syn
B L= impl_1 constrs_1 Not started 0%  Vivado Implementation Defaults (Vivac
=]
4
»
L]
+
pallE1 | | D
B Tcl Console  © Messages [E Log 2 Reports 3 Design Runs

rse Cambridge, U



Packaging a Core using Vivado (13)

e Choose IP Categories

| MetFPGA| || add

Q AX] Infrastructure 2
— @ Automotive & Industrial

-

=% L] automotive

= | []BaselP

©{ ] Basic Elements '

[ | Accumulators
Select category | [Scmamo -
[ | Counters

—[ | Memory Elements
O r C reat e a n eW [ 1 Registers, Shifters & Pipelining
@ | Communication & Networking
[ | Error Correction
O n e L ] Ethernet

[ | Modulation
—[ | Netwaorking
[ ] Serial Interfaces
[ ] Telecommunications
L wireless
: Debug & Verification

L] Cchipscope Pro
] Digital Signal Processing (=]

a]4 H Cancel ‘

P!
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Packaging a Core using Vivado (14)

File Edit Flow Tools Window Layout View Help
A bRk X P D>y & XK T [E20efaul Layout - | eR|® Ready
Flow Navigator « Project Manager - tmp_edit_project X
QT = Sources _ O % || EProject Summary x & Package IP - input_arbiter x oo %
AT E wah @ « il
4 Project Manager e | @ Packaging Steps File Groups
= Design Sources (3 Q, Name | Library Name | Type | IsInclu
&% Project Settings Verilog (1) + Identification | © 5 Standard O
- e
5% Add Sources @& input_arbiter (input_arbiter.v) (2) B go‘Ver\Ing Synthesi ) O
o JIPXACT (1) ¥ tompatibility = & Verijpg Simulation (3) O
V' Language Templates
' Constraints ¥ File Groups = Advanded O
Lk IP Catalog ) Simulation Sources (2) P & Ul Lbout (1) O
& Package IP + Customization Parameters 5
4 |P Integrator U Ports and Interfaces (]
e
#% create Block Design V nddressing and Memory
B Open Block Design
& Generate Block Design ¥ Customization GUI
Review and Package
4 Simulation
5 Simulation Settings
@ Run Simulation
4 RTL Analysiz
> E* Open Elaborated Design
Hierarchy Libraries Compile Order o =
4 Synthesis . — .
& Sources ¥ Templates
&5 Synthesis Settings
IP File Group Properties — 0O x

@ Run Synthesis
> @ Open Synthesized Design

N

Implementation
@ Implementation Settings
[» Run Implementation

> @¥ Open Implemented Dasign

N

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

Narne:
Display name:
Description:
Language:
Model name:
Env ids:

Dependency:

Component subcores:

Legacy subcores:

i #ilinx_verilogbehavioralsimulation

erilogbehavioralsimulation
Verilog Simulaticn

|

verilog
input_arbiter
ivado xilinx, com: simulation

I

I*]

and add subcores

Twpe

Class: file aroun [«] |

Design Runs = T
a, Name | Constraints | wnS | TnS | wHS | THS | TPwS | FailedRoutes | WUT [ FF | BRAM | DSP | Start | Elapsed | Status | Progress | Strateg
= | &= synth_1 constrs_1 Mot started 0%  Vivado Synthesis Defaults (Vivado Syn
B L= impl_1 constrs_1 Not started 0%  Vivado Implementation Defaults (Vivac
=
4

»
L]
+
pallE1 | | D
B Tcl Console  © Messages [E Log 2 Reports 3 Design Runs




Packaging a Core using Vivado (15)

- Add Sub-Core Reference

Select IP to be used as references in File Group: Yerilog Simulation ‘

Search: | |

Marme 1] £314 | statu
4% 2D Graphics Accelerator Bit Block Transfer  AXl4 Produc
iF 3GPP LTE Channel Estimator AX|4-Stream Produc
{F 3GPP LTE MIMO Decoder Produc
{F 3GPP LTE MIMO Encoder AXl4-Stream Produc
# 2GPPLTE Turbo Decoder Hidden
ik 3GPPLTE Turbo Encoder Product
{F 3GPP Mixed Mode Turbo Decoder AX|4-Stream Product
{F 3GPP Turbo Encoder Product
{F 7 Series FPGAS Transceivers Wizard Product

# 7 Series Integrated Block for PCI Express AXI4-Stream
§F 32-bit Initiator/Target for PCI (7-Series)

Select subcore g

# 100G Ethernet

{F Accumulator Product
{F Adder/Subtracter Product
#F Addsub Hidden
{F AHB-Lite to AXl Bridge AX14 Product
3® pudio 125 Transmitter/Receiver AX14 Product
iF Aurora SE10B AX¥l4-Stream Product
{F Aurora 64BE6E AXl4-Stream, A¥14  Product
u iF AX|-Stream FIFO AXl4, A¥IA-Stream Product
A S u b C O re I S an I P {F AXI4-Stream Accelerator Adapter AX|4, AXI4-Stream Beta
iF AX|4-Stream Broadcaster AXl4-Stream Product
{F A¥|4-Stream Clock Converter AX|4-Stream Product

{F A¥l4-Stream Combiner AX|4-Stream Product

Instantiated within A Stream Data FIF o stoam  Product_
|ﬂ-|- AVIA CHraarn Diats Widtkhs Camsenrtor AY1A j:i-rnf-\m DrnHlllri-v
3 [}

4J

the Core | ok || cancel |

P!
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Packaging a Core using V

ivado (16)

File Edit Flow Tools Window Layout View Help
A bRk X P D>y & XK T [E20efaul Layout - | eR|® Ready
Flow Mawigator <« | Project Manager - tmp_edit_project X
A= Saurces — O % || EProject summary x & Package IP - input_arbiter x =L
- A= wat 3 Packaging Steps <« || Customization Parameters
4 Project Manager =
= Design Sources (3 Q, Name | Description | Display Name walue | walue Bit String Length | alue Format | “alue Sourc
& Project Settings iverilog (1) + Identification o |9 Customization Parameters
&% Add Sources A4 Input_arbiter (input_arbiter.y) (2) S C_M_A¥IS_DATA_WIDTH € M Axis Data Width 256 0 long
O Language Temlates JIPXACT (1) ¥ tompatibility = €5 AXIS_DATA WIDTH 5 Axis Data Width 256 0 long
v Languag P | Constraints v File Grouns € M_AXIS_TUSER WIDTH C M fsis Tuser Width 128 0 long
L IP catalog 1 Simulation Sources (2) P C_S_AXIS_TUSER WIDTH C S Aods Tuser Width 128 0 long
& Package IP ¥ Customization Parameters || 4= [ LU= NEmIOASHeS S o 5
C_S_AXI_DATA_WIDTH C 5 Axi Data Width ER) 0 long
4 IF Integrator 9 Ports and Interfaces B €_5_AXI_ADDR_WIDTH € S A Addr Width 12 0 long
e C_USE_WSTRB C Use Wstrb 0 [} long
4% create Block Design  neldressing and Memory C_DPHASE_TIMEQUT ¢ Dphase Timeout 0 0 long
B Open Block Design C_NUM_ADDRESS_RANGES C Num Address Ranges 1 1] long
" + Customization GUI C_TOTAL NUM_CE C Total Num Ce 1 ] long
WG te Block D - Y -
snerate Block Design € 5 AXI MIN_SIZE € 5 Axi Min Size OxODOOFFFF 32 bitString
P — Review and Package C_ARD_NUM_CE_ARRAY CArd Num Ce Aray ~ "00000001" 8 bitString
C_BASEADDR C Baseaddr 0x00000000 32 bitString
5 Simulation Settings C_HIGHADDR C Highaddr OxO000FFFF 32 bitString
(@} Run Simulation > Hidden
4 RTL Analysiz
> B2 Open Elaborated Design
Hierarchy Libraries Compile Order
4 Synthesis . =
& Sources ¥ Templates
&5 Synthesis Settings
IP File Group Properties — 0O x

@ Run Synthesis
> @ Open Synthesized Design

i #ilinx_verilogbehavioralsimulation

erilogbehavioralsimulation
Verilog Simulaticn

N

Update parameters

Implementation

I*]

i Implementation Settings Name:

[» Run Implementation Display narme:

> @ Open Implemented Design Description l:l 3
+ Program and Debug e L,
& Bitstream Settings Modsl nams;: input_arbiter
%1 Generate Bitstream
Env ids: ivado xilinx, com: simulation
> @ Open Hardware Manager
Dependency:

Component subcores:

I

Legacy subcores:

Twpe

Class: file aroun [«] |

Design Runs = T
a, Name | Constraints WHS NS | wHS | THS TPWS | Failed Routes LT FF_| BRAM osP | Start | Elapsed Status Progress Strateg
= | &= synth_1 constrs_1 Mot started 0%  Vivado Synthesis Defaults (Vivado Syn
B L= impl_1 constrs_1 Not started 0%  Vivado Implementation Defaults (Vivac
=
4

»
L]
+
pallE1 | | D
B Tcl Console  © Messages [E Log 2 Reports 3 Design Runs




Packaging a Core using Vivado (17)

File Edit Flow Tools Window Layout View Help
LI T L e £ S Ready
Flow Navigator « Project Manager - tmp_edit_project X
QT = Sources _ O % || EProject Summary x & Package IP - input_arbiter x oo %

QA E W@l 3 Packaging Steps « || Ports and Interfaces

4 Project Manager o s -
=~ Design Sources (2 Er:
@ Project Settings 1Werilog (1) ¥ Identification @ 5wamings

" B input_arbiter (input arbiter.y) (2) 3 Mame | _Interface Mode |Enablement Depend..| Is Declaration | Direction | Driver value | Size Left | Size Left
L AT e T - ¥ compatibility B T Siave 3]
v Language Templates Constramts‘ & | o b m_axis master 7]
LF 1P catalog  Simulation Sources (2) ¥/ Flle Groups 2 | ol s_axis 0 slave O
= ol s_axis_L slave 7]
Package IP + Customization Parameters = o) 5_axis_2 slave O
o={ 5_axis_3 slave O
4 |P Integrator U Ports and Interfaces + o} 5 _axis 4 slave O
& @ & (= clock and Reset Signal O
4% Create Block Design 2-I= Clock and Reset Signals
ey ¥ Addressing and Memory ©={ S_AX|_signal_reset  slave O
i Open Block Design @ = =
:  Customization GUI ©={I} axi_signal_reset slave O
& Generate Block Design o={l} 5_AXI_signal_clock slave O
Review and Package ©={} axi_signal_clock slave O
4 Simulation <1 pkt_fwd O out
5 Simulation Settings
@ Run Simulation
4 RTL Analysiz
> E* Open Elaborated Design
Hierarchy Libraries Compile Order
4 Synthesis o =
& Sources ¥ Templates
&5 Synthesis Settings
@ Run Synthesis IP Bus Interface Proparties — 0O x
> @ Open Synthesized Design «
I 5_m0
4 |mplementation ~
&5 Implementation Settings Mame: S_Axl

[» Run Implementation Display narme:
> @ Open Implemented Design Description I:
4 Program and Debug Bus type vendor wling, com
& Bitstream Settings Bus type library: interface
m Generate Bitstream
Bus type name: aximm

]
> @ Open Hardware Manager
e ote related warnin
Bus type winy: w.comn:interface:a

Abstraction type vendor: Hilinx com

Abstraction type library: interface /

(-]
[ | LIol [« p 4 |
Messages = T

S M® 6warnings [1® 26 infos | Show All

= @l 1P Packager (5 warnings)

= QH!‘ Ports and Interfaces Wizard (& warnings)

[ D [IP_Flow 19-3158] Bus Interface 'm_axis': FREQ_HZ bus parameter missing from 2%l interface when interface is not assoglted to a clock.
[IP_Flow 19-3158] Bus Interface 's_axis_0% FREQ_HZ bus parameter missing from X interface when interface is not associated to a clock.

@ [IF_Flow 18-3158] Bus Interface 's_axis_1"% FREQ_HZ bus parameter missing from 2%l interface when interface is not associated to a clock

h i [IP_Flow 19-3158] Bus Interface 's_axis_2" FREQ_HZ bus parameter missing from &Xl interface when interface is not associated to a clock

® [IP_Flow 19-315&] Bus Interface 's_axis_3" FREQ_HZ bus parameter missing from AX interface when interface is not associated to a clock,

@ Y [IP_Flow 18-3158] Bus Interface 's_axis_4% FREQ_HZ bus parameter missing from 2% interface when interface is not associated to a clock,

B Tcl Console  © Messages  [log 2 Reports 3 Design Runs

A~
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Packaging a Core using Vivado (18)

- Edit IP Bus Interface

Use the tabs and fields below to modify the Bus Interface on vour IP.

y

General Port Mappn@
Interface Definition: s rtl | |:J
Mame: ETE |
Modle: |master - |
Display name: | |
Description: | |
Is this interface optionally present? Oyes @ No

Right click —»

Edit IP bus Interface

(8] ] | Cancel

P!
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Packaging a Core using Vivado (19)

- Edit IP Bus Interface

Use the tabs and fields below to modify the Bus Interface on vour IP.

General Port Mappino Parameters
Q MName | Description | Display Mame | Walue | ‘“alue Source
+ & FREQ_HZ Clock frequen... 200.00

Edit parameters values

| ok || cancel

P!
SNetFPGA



Packaging a Core using Vivado (20)

File Edit
i |

Flow Navigator

axs Sources —Owex
AT S wek| @
4 Project Manager
= Design Sources (2
@ Project Settings \Werilog (1)
% Add Sources @2 input_arbiter (input_arbiter.v) (2]
) Language Templates 1IPHACT (1)
i Constraints
LF 1P catalog  Simulation Sources (2)
- Package IP
4 |P Integrator
7 create Block Design
B Open Block Design
& Generate Block Design
4 Simulation
5 Simulation Settings
@ Run Simulation
4 RTL Analysiz
> E* Open Elaborated Design
Hierarchy Libraries Compile Order
4 Synthesis o =
& Sources ¥ Templates
&5 Synthesis Settings
@ Run Synthesis IP Bus Interface Proparties P m N E

> @ Open Synthesized Design

N

@ Implementation Settings
[» Run Implementation
> @¥ Open Implemented Dasign

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

Flow Tools

D i X

Window Layout View Help

> ¥ @ X|E 6Eomimn ] % %[®

« Project Manager - tmp_edit_project

&

b m_axis

Implementation

Maonitor group:
Slave bridges:

Connection required: O

little
optional
immediate

Endianness:
Enablemnent dependency:
Enablemnent presence:

Enablement resohve type:

Enablement value: =)
Is declaration: O
[ | D]
Messages
S W®Sswarnings [ 52 infos |m
= @l 1P Packager (5 warnings)

= QH!‘ Ports and Interfaces Wizard (5 warnings)
U} [IP_Flow 19-3158] Bus Interface 's_zsis_
(o} [IF_Flow 18-3158] Bus Interface 's_asis_
T [IP_Flow 19-3158] Bus Interface 's_axis_
w

B Tcl Console & Messages [ Log 2 Reports

Ready

Z Project Summary x

Packaging Steps «
v Identification

+ Compatibility

+ File Groups

+ Customization Parameters

U Ports and Interfaces

+ Addressing and Memory

+ Custorization GUI

Review and Package

Updating the memory

Package IP - input_arbiter x

Addressing and Memory

Memory Maps (for slaves)

=

X
=)
=

Name Display Name Description
FEE
[ address Blocks
Mame | DisplayName | Description | Base Address | Range | Range Dependenc |
@ reg0 0 4096 pow(2,(C_S_AXI_ADDR_WIDTH - 1) + 1)

map Is possible

(Not required in most

NetFPGA cores)

2> Design Runs

rse Cambridge, U

Y [IP_Flow 19-3158] Bus Interface 's_axis_0% FREQ_HZ bus parameter missing from AXl interface when interface is not associated to a clock.
FREQ_HZ bus parameter missing from X interface when interface is not associated to a clock.
FREQ_HZ bus parameter missing from &% interface when interface is not associated to a clock
FREQ_HZ bus parameter missing from &X interface when interface is not associated to a clock,
[IP_Flow 19-315&] Bus Interface 's_axis_4" FREQ_HZ bus parameter missing from AX interface when interface is not associated to a clock,




Packaging a Core using Vivado (21)

File Edit Flow Tools Window Layout View Help
Pl AN =] < | b ¥ & %L 3|2 0efault Layout - (€3] Ready
Flow Navigator « Project Manager - tmp_edit_project X
QT = Sources _ O % || EProject Summary x & Package IP - input_arbiter x oo %
Q= @gh 3 « izati
4 Project Manager |_1D = . (e} J Packaging Steps Customization GUI
s Design Sources (3
@ Project Settings Verilog (1) + Identification Layu:.xtj ” Rietle
3% Add Sources @4 input_arbiter (input_sroiter.y) (2) + compatibility N 52 + X [ Show disabled ports Cormponent Name [input_arbiter_0
o 1IP-XACT (1) [ Window —
V' Language Templates ! =
1 Constraints J Flle G Component Name =
£F 1P Catalog . simulation Sources (2) lle Groups Page 0 € Ard Mum Ce Array 00000001
Pack P C Ard Num Ce Array
C Dphase Timeout
4 IF Integrator 9 Ports and Interfaces C Highaddr € Dphase Timeout o]
= C M Axis Data Width
v Creelim el Bl + addressing and Memory C M &xis Tuser width C Highaddr
i Open Block Design C Num Address Ranges
¥ Customization GUI C S Axis Data Width C M feds Data Width Er
Generate Block Design C 5 Axis Tuser Width o M e T — 55
; is Tusar Wi e 7]
Review and Package C 5 Axi Addr Width
4 Simulation C S Axi Data Width C Mum Address Ranges
&% simulation Settings g.?‘?"‘l TJ‘” Siés
e oral Num ce €5 Ais Data width
(@) Run Simulation C Use Wstrb
Hum Queves © S fuis Tuser Width
4 RITL Analysis
5 €5 g Addi Wicth
> E* Open Elaborated Design
-, Hierarchy Libraries Compile Order © S A Data Width
a
o & Sources ¥ Templates C § Axi Min Size OxDO0OFFFF
&5 Synthesis Settings
& Run Synthesis IF Bus Interface Froperties — 0@ % C Total Mum Ce
> @¥ Open Synthesized Design * C Use Wstrb l:l
4 |mplementation

Maonitor group:
@ Implementation Settings

[» Run Implementation Slave bridges:

Connection required: O

little
optional
immediate

> @ Open Implemented Design

4 Program and Debug Endianness:

@ Bitstream Settings
m Generate Bitstream
> @ Open Hardware Manager

Enablemnent dependency:
Enablemnent presence:

Customize GUI

Enablement resohve type:

Enablement value: =)
Is declaration: O
Class: bus_interface [ (063

[ | L] [ |
Messages ®

S M®5warnings [1® 52 infos
=
=

| show
w0 @@ IP Packager (5 warnings)

= - Porte and Interfaces Wizard (S warnings)
) [IP_Flow 18-3158] Bus Interface 's_axis_0% FREQ_HZ bus parameter missing from AX interface when interface is not associated to a clock,

) D [IP_Flow 19-3158] Bus Interface 's_axis_1% FREQ_HZ bus parameter missing from X interface when interface is not associated to a clock.
[D} D [IP_Flow 19-3158] Bus Interface 's_asis, FREQ_HZ bus parameter missing from 23 interface when interface is not associated to a clock.
- - . P 9

[IP_Flow 19-3158] Bus Interface 's_axis_3" FREQ_HZ bus parameter missing from &Xl interface when interface is not associated to a clock
Y [IP_Flow 19-3158] Bus Interface 's_axis_4" FREQ_HZ bus parameter missing from AXl interface when interface is not associated to a clock,

EEIR]

B Tcl Console  © Messages  [log 2 Reports 3 Design Runs

IP GUI Element: Ipview

<
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Packaging a Core using Vivado (22)

File Edit Flow Tools Window Layout View Help

AR aaBR

A=
4 Project Manager
@ Project Settings
5% Add Sources
) Language Templates
ﬂ IP Catalog
Package IP

N

IP Integrator
7 create Block Design
i Open Block Design
Generate Block Design

N

Sirmulation
5 Simulation Settings
@ Run Simulation

.

RTL Analysiz
> E* Open Elaborated Design

N

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

4 |mplementation
@ Implementation Settings
[» Run Implementation
> @ Open Implemented Design

4 Program and Debug
@ Bitstream Settings
m Generate Bitstream
> @ Open Hardware Manager

IP Bus Interface: s_axis_4

<
SNetFPGA

X|® b %/ @ K|E 5 Eomrimon )% & %

Flow Navigator «

Project Manager - tmp_edit_project

Sources

as @t 3
» Design Sources (32

\Werilog (1)

i Constraints
1 Simulation Sources (2)

g; input_arbiter (input_arb
1IP-XACT (1)

iter.v) (2)

Hierarchy Libraries Compile Order

& Sources ¥ Templates
IP Bus Interface Proparties
& =

s_ais_4

Maonitor group:

Slave bridges:
Connection required:
Endianness:

Enablemnent dependency:
Enablemnent presence:
Enablement resohve type:
Enablement value:

Is declaration:

Class:

[

little
optional
immediate

]
O

bus_interface

[

Messages

A O®1esinfos | Show Al

=

CkeE

)

EEIR]

B Tcl Console & Messages

EHlog 2 Reports

9] Ready
X
[E I Project Summary x & Package IP -input_arbiter x Ow x
Packaging Steps <« || Review and Package
+ Identification Summary of your IP
+ Compatibility IP display narne: input_arbiter v1 0
¥ Flle Groups :E rd:;tczﬁzz:n.ry: ;?::ttfr:;f‘dtiff;:i;:#gansratsdimrs
+ Customization Parameters
¥ Ports and Interfaces
+ addressing and Memory
+ Custorization GUI
Review and Package
After Packaging
A % @ An archive will not be generated. Use the settings link below to change your preference

@ Project will be removed after completion
edit packaging settings

Core Summary

Gl a4 ‘ Package IP

Any errors? Warnings?

2> Design Runs



Packaging a Core using Vivado (23)

™ Close Project

>
= Finished packaging successfully. Do you want to close the project?
Fackage IP Location: froot/my_dir/my_ip/generated_core

(o] ] | Cancel

Job donel!

P!
SNetFPGA



Packaging a core using TCL

o Start from atemplate of an existing core

 Place all your HDL files under
<core name>/hdl

e Edit <core name>.tcl
 Update Makefile with the name of the core
« Run make

 You may want to add your core to
$SUME_ FOLDER/Makefile as well

— Note that the order of generation matters

<
SNetFPGA



<core name>.tcl

« TCL file structure:
— Project Defines
— Creating the project
— Adding the HDL files
— Packaging the project
— Adding core information & parameters
— Validation
— Completing the project

<
SNetFPGA



<core name>.tcl

e TCL file structure:
— Project Defines

set design <core_name
set top <core_name>
set device xc7vx690t-3-ffgl761
set proj_dir ./ip_proj
set ip_version 1.00

set lib _name NetFPGA

ﬁ» Recommend to keep identical

Recommend not to change

<
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<core name>.tcl

« TCL file structure:
— Creating the project

create project -name ${design} -force —dir "./${proj_dir}"
-part ${device} -ip
set property source_mgmt_mode All [current_project]
set _property top ${top} [current_fileset]
set property ip_repo_paths
$:.env(SUME_FOLDER)/lib/hw/
[current_fileset]

puts "Creating <core name> IP"

<
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<core name>.tcl

« TCL file structure:
— Adding the HDL files

read_verilog "./hdl/<some file>.v"
read_verilog "./hdl/<core_name>_cpu_regs_defines.v"

read_verilog "./hdl/<core_name>_ cpu_regs.v"
read_verilog "./hdl/<core _name>.v"

update compile order -fileset sources 1
update compile order -fileset sim_1

<
SNetFPGA



<core name>.tcl

« TCL file structure:
— Adding core information & parameters

package project

<
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<core name>.tcl

« TCL file structure:
— Packaging the project — core information

set _property name ${design} [ipx::current_core]
set_property library ${lib_name} [ipx::current_core]
set_property vendor_display _name {NetFPGA}
[ipx::current_core]

set property company_url {www.netfpga.org}
[ipx::current_core]

set property vendor {NetFPGA} [ipx::current_core]

set property version ${ip_version} [ipx::current_core]
update ip catalog -rebuild

<
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<core name>.tcl

« TCL file structure:
— Packaging the project — parameters

IpX::infer_user_parameters [ipx:.current_core]

Ipx::add_user_ parameter {PARAM_NAME} [ipX:.current_core]

set_property value resolve type {user} [ipx:.get_user parametet
PARAM_NAME [ipX::current_core]]

set_property display _name {PARAM_NAME}
[ipx::get_user_ parameter PARAM_NAME
[ipx::current_core]]

set_property value {<some value>} [ipx::get_user_ parameter
PARAM_NAME [ipX::current_core]]

set_property value_format {long} [ipXx::get_user parameter

PARAM NAME[IpX .current_core]]
@NetFPEFI



<core name>.tcl

“« TCL file structure:
— Packaging the project — bus parameters

Ipx::add_bus_parameter FREQ_ HZ [ipXx::get _bus interfaces

m__axis —
of objects [ipx::current_core]]

Ipx::add_bus_ parameter FREQ HZz [ipX::get_bus interfacess axis

of objects [ipx::current_core]]

<
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<core name>.tcl

e TCL file structure:
— Validation

IpXx::check_integrity [ipx::current_core]

Read the output and
look for reported issues

P!
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<core name>.tcl

« TCL file structure:
— Completing the project

IpX::save_core [ipx::.current_core]
update ip catalog
close project

Update the IP catalog
to see the new core In
the repo

<
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Using an IP

File Edit Flow Tools Window Layout View Help
grlaomEx|dbY X E 6 ErmrEm ] e %@
Flow Navigator « Project Manager - reference_switch X
QT = Sources — O % || EPrroject Summary x {FIP Catalog x Owe x
A3E et B B
4 project Manager s 2 Rl L Search: | ]
) = Design Sources (2) = MName 1 AXIA | status | Llicense | wmw |
GrojsctiSstlings @top_tb (top_tb.v) (1) 9% 2D Graphics Accelerator Bit Block Transfer  AXI4 Production Included  logicbrick... -
5% Add Sources ©~@2 top_sim - top_sim (top_ = {F 3GPP LTE Channel Estimator AX14-Stream Production Purchase xilinx.com...
e LangUags .Cnefﬂcierjt Files (1) 1iF 3GPP LTE MIMO Decoder Production Purchase xilinx.com...
1 Constraints (2) 4} 3GPP LTE MIMO Encoder AX14-Stream Production Purchase xilinx.com.
Lk P catalog ) Simulation Sources (2) 4 3GPPLTE Turbo Encoder Production Purchase xilink.com.
1iF 3GPP Mixed Mode Turbo Decoder AX14-Stream Production Included  xilinx.com.
2 1iF 3GPP Turbo Encoder Production Purchase xilinx.com...
% Create Block Desig T & 7 Series FPGAs Transceivers Wizard Production Included  xilinx.com...
3 lock & 1F Accumulator Production Included  xilinx.com...
5] @pem Elos BesEm 5 {F Adder/Subtracter Production Included  xilinx.com..
% Generate Block Design " {F AHB-Lite to AXI Bridge AXI4 Production Included  xilinx.com...
@ 4® Audio 125 Transmitter/Receiver AX14 Production Included logicbrick.
4 Simulation 1F Aurora 8B10B AX14-Stream Production Included  xilinx.com.
&% Simulation Settings 4F Aurora 64B66B AX|4-Stream, AXI4 Production Included  xdlink.com...

{F AXI-Stream FIFO AX14, AXI4-Stream Production Included  xilinx.com.
@) Run Simulation 4k AXI4-Stream Accelerator Adapter AXI4, AX|4-Stream Beta Included  xilinx.com...
{F AX|4-Stream Broadcaster AX14-Stream Production Included  xilinx.com.
4 RTL Analysis 4} AXI4-Stream Clock Converter AXI4-Stream Production Included  xilinx.com.
. E* Open Elaborated Design 4k AX|4-Stream Combiner AXl4-Stream Production Included  xilinx.com.
{F AX|4-Stream Data FIFO AX14-Stream Production Included  xilinx.com.
4 Synthesis 1F AXI4-Stream Data Width Converter AXI4-Stream Production Included  xilinx.com...
& - . Hierarchy | IP Sources  Libraries Compile Orde 4 AX|4-Stream Interconnect AXI4-Stream Production Included  xilink.com...
Synthesis Settings & Sources ¥ Templates {F AX|4-Stream Protocol Checker AXI4-Stream Production Included  xilinx.com...
& Run Synthesis i} AXl4-Stream Register Slice AXI4-Stream Production Included  xilinx.com..
s B Open Synthesized Design Properties -0 x 4F AXl4-Stream Su?set Converter AX14-Stream Production Included x!lmx‘cnm‘.‘
- 1iF AXI4-Stream Switch AX14-Stream Production Included  xilinx.com...
4 implementation 1iF AX|4-Stream to Video Out AX14-Stream Production Included  xilinx.com...
4k AXl 10G-Ethernet Subsystem AXl4, AX14-Stream Production Included  xilink.com...
& Implementation Settings 4F axi_sim_transactor AX14 Production Included — MNetFPGA:.
> Run Implementation {F AX| AHBLite Bridge AX14 Production Included  xilinx.com...
. B o - ted D 1F AX| APE Bridge AX14 Production Included  xilinx.com.
% Open implemented Uesign 4k AX) BFM Cores AXI4, AX4-Stream  Production Purchase xlinx.com...
Detail
4 Program and Debug stals
5 Bitstream Settings
lﬁ Generate Bitstream
» @® Open Hardware Manager
Design Runs — 0O X
a, Name | Constraints | wnS | TnS | wHS | THS | TPwS | FailedRoutes | WUT [ FF | BRAM | DSP | Start | Elapsed | Status | Progress | Strateg
= | &= synth_1 constrs_1 Mot started 0%  Vivado Synthesis Defaults (Vivado Syn
B L= impl_1 constrs_1 Not started 0%  Vivado Implementation Defaults (Vivac
=
4
»
L]
1
K| ]

B Tcl Console  © Messages [ log [3 Reports 3 Design Runs

rse Cambridge, U



- Customize IP

input_arbiter (1.00) ‘

%l Documentation [ IP Location LJ Switch to Defaults

[ Show disabled ports Component Mame |input_arbiter 0 |
[=]
C_ARD_NUM_CE_ARRAY "00000001"
C_BASEADDR [0%00000000
C_DPHASE_TIMEOUT 0 |
C_HIGHADDR | 000 DOFFFF
= C_M_AMIS_DATA WIDTH |256 |
| T _axds 0 C_M_AXIS TUSERWIDTH  [128 |
=k s_axis_1 - - - -
= 4 s_axis_2 C_NUM_ADDRESS_RAMNGES |1 |
s|aFs_axis_3 m_axissk g C S AXIS DATA WIDTH (256 |
Ak _axis 4 pkt fwde - - - -
= axis_aclk C_S_AXIS_TUSER_WIDTH  [128 |
—|deresem C_S_AX|_ADDR_WIDTH (32 |
s LA SRR et Nname an
=S_AXI_ARESETM C_5_AX_DATA_WIDTH |32 |
e e = parameters values
C_TOTAL NUM CE 11 | p u
C_S_A¥I_ADDR_WIDTH |0 |
MUM_QUEUES E |
[4] [1=]

| Ok, | | Cancel

P!
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e Generate Output Productks

The following output products will be
generated. ‘

Prewvieww

ST Generate IP outputs
(e.g. template, simulation)

_1] Behavioral Sirmulation

ik k4

|| Out-of-Context Settings... |]

[ Generate ]| Skip J

Can take some time to generate

P!
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Add IP In TCL

« From within a project:

create_ip -name <core_name> -vendor <vendor_name>
-library <lib_name> -module_name <ip_name>
set property generate_synth_checkpoint false
[get_files <ip_name>.xci]
reset_target all [get_ips <ip_name>]

Example:

create_ip -name output_port_lookup -vendor NetFPGA
-library NetFPGA -module_name output_port_lookup_ip

set_property generate_synth_checkpoint false [get_files
output_port _lookup ip.xci]

reset_target all [get_ips output_port_lookup_ip]

<
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Using Subcores

« What happens if you use an IP core within
your core?

« How do you call it?
e How do you pass parameters to it?

« What happens if the same core IS
Instantiated in multiple different cores, with
different settings?

— An IP can be created only once (using the same
name)

— A created IP can have only a single set of values
for its parameters

<
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Using Subcores

e Solution: Subcores
e |Indicate that an IP core instantiates other IP cores
 Can propagate parameters values in HDL

Ipx::add_subcore <vendor>: <library>:<name>: <version>
[ipx::get_file _groups xilinx_ verilogsynthesis -of objects
[ipx::current_core]]

Ipx::add_subcore <vendor>: <library>:<name>: <version>
[ipx::get_file groups xilinx_verilogbehavioralsimulation —
of objects [ipx::current_core]]

Example:

Ipx::add_subcore NetFPGA:NetFPGA:fallthrough _small_fifo:1.00
[ipx::get_file _groups xilinx_verilogsynthesis -of objects
[ipx::current_core]]

<
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Compile

e TCL only
e Run:

vivado -mode batch -source <core__name>.tcl

<
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Do’s and Don'’ts

 Don’t create the same IP multiple times
— Save synthesis time!

 Don’t “create IP” within IPs
e Use add subcores

« Make sure all parameters are available to
the user

e Validate your design

 Provide useful information in your core
Identification

 Update core versions!

<
SNetFPGA



Conclusion

<
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Section IX: Conclusion
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