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Tutorial Overview

In this tutorial we'll create a custom AXI IP block in Vivado and modify its functionality
by integrating custom VHDL code. We'll be using the Zyng SoC and the MicroZed as a
hardware platform. For simplicity, our custom IP will be a multiplier which our
processor will be able to access through register reads and writes over an AXI bus.

The multiplier takes in two 16 bit unsigned inputs and outputs one 32 bit unsigned
output. A single 32 bit write to the IP will contain the two 16 bit inputs, separated by
the lower and higher 16 bits. A single 32 bit read from the peripheral will contain the
result from the multiplication of the two 16 bit inputs. The design doesn’'t serve much
purpose, but it is a good example of integrating your own code into an AXI IP block.

Requirements

Before following this tutorial, you will need to do the following;:

* Vivado 2014.2
* MicroZed
* Platform Cable USB Il (or equivalent JTAG programmer)
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Start from a base project

You can do this tutorial with any existing Vivado project, but I'll start with the base
system project for the MicroZed that you can access here:

Base system project for the MicroZed

Create the Custom IP

1. With the base Vivado project opened, from the menu select Tools->Create and

package IP.

File Edit Flow | Tools | Window Layout View Help

| 4 % B | | & Validate Design F& |% Default Layout v| | & 3
Flows Mavigator HELLs ’
ool =] | % Create and Package IP... . | 0O %
Run Tcl Script...
4 Project Mana| [ property Editor Ctrl+)
5 Project § Associate ELF Files... ber - STRUCTURE (design_1_wrapp
G Add Soy Compile Simulation Libraries... N _ _
LF PP Catalg Kilinx Tcl Store... _‘-H# DA \-\}

2. The Create and Package IP wizard opens. If you are used to the ISE/EDK tools you

can think of this as being similar to the Create/Import Peripheral wizard. Click “Next".
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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 Vivado IP using source files
and information from your current project or specified directory.

Create a new AXI4 Peripheral
This wizard will guide you through the process of creating a new AX14 peripheral which includes
HDL, driver, software test application, IPI BFM simulation and debug demonstration design.

VIVADO!

Click Mext to continue

| < seck [N~ T eaneel S

3. On the next page, select “Create a new AXI4 peripheral”. Click “Next".

4 Create and Package New IP n

..

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

Create a new AXH4 peripheral :
Create an AXI4 IP, driver, software test application, IPI AXI4 BFM simulation and debug demonstration desmn

()]

[ <Back || sferroman~TemvernenT A -eancet

4. Now you can give the peripheral an appropriate name, description and location.
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Click “Next”.
' ]
#- Create and Package New I
Peripheral Details
Specify name, version and description for the new peripheral ‘
MName: | my_multiplier

Display name: |my_mu|tip|ier_v1.0

|
Version: 1.0 |
|
|

Description: | My multiplier

1P location: | E:/Github/fpgadeveloper/microzed-custom-ip/ip_repo |B

Overwrite existing

| <Back || ter=m s ~Temer T meancet <

5. On the next page we can configure the AXI bus interface. For the multiplier we'll

use AXI lite, and it'll be a slave to the PS, so we'll stick with the default values.
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" —
4~ Create and Package New I

Add Interfaces
Add AXI4 interfaces supported by your peripheral ‘
Enable Interrupt Support a9 X Name |SDD_A)C[ |
| [[= Interfaces =
o= | Inferface Type Lite -
_____ q Interface Type | |
Interface Mode | Slave - |
Data Width (Bits) |32 ~ |
Memory Size [Ey_tes}l 64 hd |
Number of Registers | 4E| [4..512]

" | =s00_ax

my_multiplier_v1.0

[ <gack |[ HexemT3 - A -eancet

6. On the last page, select “Edit IP” and click “Finish”. Another Vivado window will

open which will allow you to modify the peripheral that we just created.

" [—
¢ Create and Package New I

Create Peripheral

Peripheral Generation Summary
1. IP (xilimx.com:user:my_multiplier:1.0) with 1 interface(s)
2. Driver{v1l_00_a) and testapp more info

3. AX14 BFM Simulation demonstration design more info
4. AXHM Debug Hardware Simulation demonstration design more info

Peripheral created will be available in the catalog :
E:/Github/fpgadeveloper/microzed-custom-ip/ip_repo

Mext Steps:
() Add TP to the repository

© Edit F I

() Verify peripheral TP using AXH4 BFM Simulation interface

() verify peripheral TP using JTAG interface

Vl VADO-' Click Finish to continue

| <Back | iferme—f~Tpmishe] Ay -eancet
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Eile Edit Flow Tools Window Layout View Help

e "
PN edit_my_multiplier_v1_0 - [e;/github/fpgadeveloper/microzed-custom-ip/ip_repo/edit_my_multiplier_vl_0.xpr] - Vivado 2014.- Eh

Q- Search commands

g noBib X D> DB S XK LS| S oefaul Layout - e R ® Ready
Flow Navigator « Project Manager - edit_my_multiplier_vi_0 XI
== Sources — O x| [ Project Summary x | & Package IP - my_multiplier x | ow x
]
4 Project ‘ A= W 8?‘ . IP Packaging Steps | 1P Identification more info
[=H= Design Sources (2)
4 i . 5 Tdentification . i
@ Project Settin & my_multiplier_v1_0 - arch_imp (my_multiplier_v1_| VP Vendor: ‘)ﬂ\mxcom
&% Add Sources : IP-XACT (1) VPG ibil o ‘
1 J ibrary: user
1F 1P catalog [+ Constraints ompatibilty e
i Package IP [ Simulation Sources (1) +/ TP File Groups Name: ‘my_mu\tlpher
4 IP Integrator + IP Customization Parameters Version: 1.0
% create Block O | |4 | 1L ' Bl P Ports and Tnterfaces Display name: ‘my,mu\tipher,vl.ﬂ
B Open Block De Hierarchy | Libraries | Compile Order | H ) —
{| + IP Addressing and Memory : Description: ‘MY multiplier
) Generate Block | .4 Sources | 7 Templates H ‘
""""" R Vendor display name:
o T Properties _ove x + IP GUI Customization ‘
Company url:
i Simulation Set | 4= " K Review and Package S
(I Run Simulatior Categories: AXI_Peripheral
H Root directory: e:/github/fpgadeveloper/microzed-custom-ip/ip_rep
4 RTL Analysis
Xml file name: e:/github/fpgadeveloper/microzed-custom-ip/ip_rep
3 EE‘ Open Elaborat
4 Synthesis
ﬁﬁ Synthesis Sett ‘ 1 b

b Run Synthesis
> @ Open Synthesi

4 Implementation
&5 Implementatio
[» Run Implemen
> @ Open Impleme

4 Program and Debug
&5 Bitstream Sett
¥ Generate Bitsts

1 g% Open Hardwa

Design Runs — Qe =
e Name Constraints  WNS TNS WHS THS TPWS  Failed Routes LUT FF  BRAM  DSP Status
s | =5 synth_1 constrs_1 Not starte
= - impl_1 constrs_1 Not starte
>

14

o s

«

L]

i}

b

«
I Tl Console | © Messages | [ Log | 2 Reports. 3 Design Runs

— ~
Ve e e

—~ i~~~ %

T

At this point, the peripheral that has been generated by Vivado is an AXI lite slave

that contains 4 x 32 bit read/write registers. We want to add our multiplier code to

the IP and modify it so that one of the registers connects to the multiplier inputs and

another to the multiplier output.

Add the multiplier code to the peripheral

You can find the multiplier code on Github at the link below. Download the

“multiplier.vhd” file and save it somewhere, the location is not important for now.

https://github.com/fpgadeveloper/microzed-custom-

ip/blob/master/ip_repo/my_multiplier_1.0/src/multiplier.vhd

Note that these steps must be done in the Vivado window that contains the

peripheral we just created (not the base project).

1. From the Flow Navigator, click “Add Sources”.
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E edif_my_multig

File Edit Flow Tools Window Layout View Help

A moBREB XD DB S K X (@ S oeful Layout P & Y

Flow Mavigator et I Project Manager - edit_my_multiplier_v1_0
Q= Sources — O wr = = Pr
I‘F . r] QE%I‘*B?I. IF Pa
: . [=H= Design Sources (2]
ﬁ Project Setting - [ & my_multiplier_wv1_0 - arch_imp (my_multiplier_vi_0 E
@ my_multip p (my_multip
B Add Source?x | EE IP-XACT (1) v P
IP Cataf— S mnbemins
g: - Add Sources VP
& Packag Specify and/or create source files to add to the project.
4 P Integrator v
4* Create Block 1 I ‘,ﬁ[—ﬁ-ﬂ - TP
' Open Block De Libraries| Compile Drder| L i1 i =

Add Sources

This guides you through the process of adding and creating sources for your project

O Add or Create Constraints

(@) Add or Create Design Sources

O Add or Create Simulation Sources
O Add or Create DSP Sources

O Add Existing Block Design Sources

(") Add Existing 1P

To continue, click Next

3. On the next window, click “Add Files".
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P

Add or Create Design Sources

Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project. Create a new
source file on disk and add it to your project.

Index MName Library  Location

Add Files... D?I | Create File...
[/] scan and add RTL include files into project

Add Files
Add HDL and Netlist files to your project.

|:| Copy sources into IP Directory

[/] Add sources from subdirectories

4. Browse to the “multiplier.vhd” file, select it and click “OK".

5. Make sure you tick “Copy sources into IP directory” and then click “Finish”.

Add or Create Design Sources

Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project. Create a new
source file on disk and add it to your project.

Index  Name Library Location
h 1 multiplier.vhd xil_defaultlib E:/Github/fpgadeveloper/microzed_custom_ip/multiplier

| AddFiles.. | | CreateFile... |
Scan and add RTL include files into project

Copy sources into IP Directory

[/] Add sources from SUbd‘remri| Make a local copy of these sources into IP directory|

The multiplier code is now added to the peripheral, however we still have to
instantiate it and connect it to the registers.

Modify the Peripheral

At this point, your Project Manager Sources window should look like the following:
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| Project Manager - edit_my_multiplier_v1_0

Sources — O
QT wat BE

EHL Design Sources (3]

(-l ny_ multlpier vl 0 - arch_imp [my_multiplier_vi_0
----- il multiplier - IMP (multiplier.vhd)
- [H-EIP-XACT (1)

.II:"I Constraints

[+ Simulation Sources (2)

I
i

i O

4|
Libraries| Compile Order | "f“_"'.""".*"'?"--—m-r-\:'ﬁ

1. Open the branch “my_muiltiplier_v1_0 - arch_imp".
| Project Manager - edit_my_multiplier_v1_0

Sources — O

Q TE wat hE

== Design Sources (3)
(- @ my_ mull:lpier vl 0 - arch_imp (my_multiplier_vi_0
: @ my_multiplier_v1_0_500_AXL inst - my_multiplier_v1_
@ multiplier - IMP (multiplier.vhd)
[ IP-XACT (1)

HH Constraints

H-= Simulation Sources (2)

I
ey

(|

=1

4| 1 | O

. . . ”, I —
lerarles| Compile Drder| paadevelenor ™

2. Double click on the “my_multiplier_v1_0_S00_AXI_inst” file to open it.

3. The source file should be open in Vivado. Find the line with the “begin” keyword
and add the following code just above it to declare the multiplier and the output

signal:

signal multiplier_out : std_logic_vector(31 downto ©);

component multiplier
port (
clk: in std_logic;
a: in std_logic_VECTOR(15 downto 9);
b: in std_logic_VECTOR(15 downto ©0);
p: out std_logic_VECTOR(31 downto @));
end component;

VWoONOOUVD WN R

4. Now find the line that says “- Add user logic here” and add the following code
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below it to instantiate the multiplier:

multiplier_@ : multiplier

. port map (

clk => S_AXI_ACLK,

a => slv_rego(31 downto 16),
b => slv_regd(15 downto 9),
p => multiplier_out);

AUV, WNER

5. Find this line of code “reg_data_out <= slv_reg1;” and replace it with “reg_data_out
<= multiplier_out;".
6. In the process statement just a few lines above, replace “slv_reg1” with
“multiplier_out”.
7. Save the file.
8. You should notice that the “multiplier.vhd” file has been integrated into the
hierarchy because we have instantiated it from within the peripheral.

| Project Manager - edit_my_multiplier_v1_0
Sources — O

A Tewae RE

[=I{= Design Sources (2]
(=& my_multiphier_wv1_0 - arch_imp (my_multiplier_vi_0
- [EHE my_multiplier_vi_0_S00_AXI_inst - my_multiplier_v1_
: @i multiplier_0 - multiplier - IMP (multiplier.vhd)

R IP-XACT (1)

[+ Constraints

[+ Simulation Sources (1)

M
=

1 | I | O
Libraries | Compile Order | Snrrasionalamo e

9. Click on “IP File Groups” in the Package IP tab of the Project Manager.
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[E Project Summary X [ : package IP - my_|

- rxl

+' IP Customization Parameters
+ IP Ports and Interfaces

« 1P Addressing and Memory
+' IP GUI Customization

Review and Package

wrecows

O @ =
IP Packaging Steps || 1P File Groups more info
+ 1P Identification |@ Merge changes from IP File Groups Wizard
+ IP Compatibility Mame Libr

[ZH= Standard
¢ & WHDL Synthesis (2)
¢ [ WHDL Simulation (2)
== Advanced
[+ Software Driver (&)
UI Layout (1)

ta
‘@0 Block Diagram (1)

e

KX ]| B B4 £

-

14| il

- -
Vo S ,-\-:q.—\-u'\—

| 35 ri =X
10. Click the “Merge changes from IP File Group Wizard" link.
IE Project Summary X ] - Package IP - my_multiplier x ] O =
IP Packaging Steps <« || 1P File Groups more info
« TP Identification ‘@ Merge changes from IP File Groups Wizard
+ TP Compatibility Name AU

[=+= Standard

+" TP Customization Parameters
+" IP Ports and Interfaces

+" IP Addressing and Memory
+" IP GUI Customization

Review and Package

[ VHDL Synthesis (2)
@0 WHDL Simulation (2)
== Advanced

[+&7 Software Driver (6)

-G UI Layout (1)

[+ Block Diagram (1)

2% ]| B B4 P

11. The “IP File Groups” should now have a tick.

Uimpier_vi

r.vhd) v

[

IP Compatibility ‘ e

24
12. Now click “Review and Package IP".

|| we
| B
Elec
i
JESR:S

=
5™
A

IF Customization Parameters " = 5 J“
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IP Packaging Steps «
+" IP Identification

+ TP Compatibility

+" 1P File Groups

+" IP Customization Parameters

+ 1P Ports and Interfaces

+" IP Addressing and Memory

+" IP GUI Customization

Review and Package

~ |

| L Project Summary X | . Package IP - my_|

iplier % 0o x

Review and Package more info

Summary of your IP

IP display name: my_multiplier_v1.0
IP description: My multiplier

IP root directory: e:/github/fpgadeveloper/microzed-custom-ipfip_repo/

i 1] r
After Packaging

o An archive will not be generated. Use the settings link below to chancg
o Project will be removed after completion

edit packaging settings

4| 1] 2

Re-Package IF" 7| =7 =77 ""“":'*\?'

+ TP GUI Customization

| Review and Package |

13. Now click “Re-package IP".

= An archive will not be generated. Use the settings link below to chanc

o Project will be removed after completion
edit packaging settings

1| (1] k

Re-Package IP

= L s -

The peripheral will be packaged and the Vivado window for the peripheral should be
automatically closed. We should now be able to find our IP in the IP catalog. Now the
rest of this tutorial will be done from the original Vivado window.

Add the IP to the design

1. Click the “Add IP" icon.
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processing_system7_0

M_AXI_GPO_ACLK ZYNO‘

DDR &
FIXED_IO<-
USBIND_0-
M_AXI_GPO %
TTCO_WAVED_OUT
TTCO_WAVEL_OUT
TTCO_WAVE2_OUT
FCLK_CLKO
FCLK_RESETO_N

Z-YNQ?‘ Processing System__ﬂ_ﬂ__ﬁ-ﬂ__ﬁ-ﬁ,ﬁ R

2. Find the “my_multiplier” IP and double click it.

Search: | CL
1

Mame VLN
iF LTE DL Channel Encoder wilinx.com... -
iF LTE Fast Fourier Transform xilinx.com...
iF LTE PUCCH Receiver wilinx.com...
iF LTE RACH Detector xilinx.com...
iF LTE UL Channel Decoder wilinx.com...
F Mailbox xilinx.com...
iF Memory Interface Generat... xilinx.com...
iF MicroBlaze wilinx.com...
iF MicroBlaze Debug Module ... xilinx.com...
iF MicroBlaze MCS xilinx.com...
iF Multiplier xilinx.com...
iF Multiply Adder xilinx.com...
iF Mutex wilinx.com...

e Xilinx.com... =
iF Processor System Reset xilinx.com...
iF RAM-based Shift Register  xilinx.com...
iF Reed-Solomon Decoder wilinx.com...
iF Reed-Solomon Encoder wilinx.com...
iF RGB to YCrCb Color-Space... xilinx.com... -
iF 5/PDIF xilinx.com... =]

Select and press ENTER or drag and droff, ESC T tancel

-
i
|

£

DDR
FIXED_IO

—

3. The block should appear in the block diagram and you should see the message

“Designer Assistance available. Run Connection Automation”. Click the connection

automation link.
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J:—ﬂn'ngrdm X]ﬂhddress Editor X m]
#| 2 design_1
O¢| (@ Designer Assistance available. Run Connection Automation
Qg
&
I - N
my_multiplier_0
W .
()
=
& processing_system7_0
b my_multiplier_v1.0 (Pre-Production) DDR 4
E FIXED_104F
& USBIND_0< ||| DDR
B - M_AXL_GPO<- ||| FIXED_IO
@ M_AXI_GPO_ACLK ZY TTCO_WAVED_OUT =
GJ’ NQ' TTCO_WAVEL OUT =
TTCO_WAVE2_OUT =
FCLK_CLKO
FCLK_RESETO_N =
EYNQ? Processing System
.‘T—»mﬂ—f-\ ,ﬂ-_ﬂ.'\_ e = o~ —~F \_

4. Click the “my_multiplier_0" peripheral from the drop-down menu.

JE-“ Diagram x ] M Address Editor x]

#[| 4 design_1

o [ Designer Assistance available. Run Connection Automation

@ /my_multiplier_0/S00_AXI M

- -
i o gy S

k1 . -,

5. In the window that appears, set Clock connection to “Auto” and click “OK".

@ Connect Slave interface (/my_multiplier_0/S00_AXT) to a selected Master address space.

Master: [processing_system?_0/M_AXT GPO

Clock Connection (for unconnected clks) : |Aut0 -

6. The new block diagram should look like this:

my_multiplier_0
~|Ars00_axt
———e00_axi_aclk rst_processing_system?_0_100M
B e processing_system?_0_axi_periph
processing_system?_0 yne_ck mb_reset f=
hy [multiplier_v1.0 (Pre-| r DOR 4 reset_in bus_struct_reset[0:0]p= £[3FS00_AXT
iep_0 [ N e o I—
USBIND_0 4 o DDR
A P 0s B —dem_locked peripheral_aresetn[0:0] m—g g———500_ACLK Mao_A FIXED_IO
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7. Generate the bitstream.

http://www .fpgadeveloper.com/2014/08/creating-a-custom-ip-block-in-vivado.html 14/36


http://www.fpgadeveloper.com/wp-content/uploads/2014/08/fpga_developer_20140802_141012.png
http://www.fpgadeveloper.com/wp-content/uploads/2014/08/fpga_developer_20140802_141113.png
http://www.fpgadeveloper.com/wp-content/uploads/2014/08/fpga_developer_20140802_141148.png
http://www.fpgadeveloper.com/wp-content/uploads/2014/08/fpga_developer_20140802_141316.png
http://www.fpgadeveloper.com/wp-content/uploads/2014/08/fpga_developer_20140802_141409.png

9/20/2015 Creating a custom IP block in Vivado | FPGA Developer

4 Implementation Name: processing_system7_0_FCl
% Implementation Settings

Parent name: design_1
[» Run Implementation

Driver: | = processing_system7_0/

> @ Open Implemented Design

4 Program and Debug

% Bitstream Settings Properties | Pins |

ﬁ Lenerate Bitstrea Tel Console

 @* Open Hardware Manager 54| applv bd automerion: Time
Generate Bitstream

Generate a programming file after implementation. {12
o  INFO: [Common I17-385] Interrur

dl|  copv_b obis:-Time {3): cpu=

e

‘=n] ;IHF':}: [Commicn 17-881] Erocessi

)

8. When the bitstream is generated, select “Open the implemented design” and click
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