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Adding Custom IP to the System

Introduction

This lab guides you through the process of creating and adding a custom peripheral to a processor
system by using the Vivado IP Packager. You will create an AXl4Lite interface peripheral.

Objectives

After completing this lab, you will be able to:

Use the IP Packager feature of Vivado to create a custom peripheral
Modify the functionality of the IP

Add the custom peripheral to your design

Add pin location constraints

Add block memory to the system

Procedure

This lab is separated into steps that consist of general overview statements that provide information on
the detailed instructions that follow. Follow these detailed instructions to progress through the lab.

This lab comprises 4 primary steps: You will use a peripheral template to create a peripheral, Package
the IP using IP Packager, import, add and connect the IP in the design, add the Block RAM (BRAM)
Memory and generate the bitstream.

Design Description

You will extend the Lab 2 hardware design by creating and adding an AXI peripheral (refer to LED_IP in
Figure 1) to the system, and connecting it to the LEDs on the ZedBoard. You will use the IP Packager to
generate the custom IP.  Next, you will connect the peripheral to the system and add pin location
constraints to connect the LED display controller peripheral to the on-board LED display. Finally, you will
add BRAM Controller and BRAM before generating the bitstream.
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Figure 1 Design Updated from Previous Lab
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General Flow for this Lab
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Step 4:
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Constraints

Create a Custom IP using the Create and Package IP Wizard Step 1

1-1. Use the provided axi_lite slave peripheral template and the custom IP
source code to create a custom IP.

1-1-1. Open Vivado by selecting Start > All Programs > Xilinx Design Tools > Vivado 2013.3 >
Vivado 2013.3

1-1-2. Click Manage IP and select New /P Location and click Next in the New IP Location window

1-1-3. Select Verilog as the Target Language, Mixed as the Simulator language, and for IP location,
type C:\xuplembedded|\labs\led_ip and click Finish (leave other settings as defaults)

‘al*.-‘_. Mew [P Location

Part:

Target language:
Target simulakor:
Simulator language:

IP location:

Manage IP Settings

Set options For creating and generating IP,

5 T 85HFg1 157-1 (active)
Yerilog

Wivado Sirmulakor

Mized

i fxupfembeddedlabs/led_ip

| < Back | et =

=

o

|| Cancel |

A Virtex 7 part is chosen for this project, but later compatibility for other devices will be added to the
packaged IP later.

1-1-4. Click OK to create the led_jp directory.

1-2. Run the Create and Package IP Wizard

1-2-1. Select Tools > Create and Package IP
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1-2-2. In the window, click Next

1-2-3. Select Create New AXI4 Peripheral, specify the IP Definition location as
C:/xup/embedded/labs/led _ip and click Next

1-2-4. Fill in the details for the IP

Name:led_ip
Display Name: led_ip_v1_0
(Fill in a description, Vendor Name, and URL)

ia"' Create And Package Mew IP @
Peripheral Details i
Specify YLNY infarmation and ather details for the Peripheral ﬂ':gf
Wendor ! ilir  corm
Library: user
Mame: led_ip
Wersion: 1.0
Display Mame: led_ip_w1_0
Description: My LED
Vendor Display Mame: | ®UP
Company LRL: www.xilinx.cam,l'universitﬂ
< Back |[ Mext = Finish Cancel

1-2-5. Click Next

1-2-6. Change the Name of the interface to S_AXI

1-2-7. Leave the other settings as default and click Next (Lite interface, Slave mode, Data Width 32,
Registers 4)
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ia"' Create And Package Mew IP @
Add Interface i
Add Ax14 interfaces supporked by vour peripheral ‘*Iu’

Aadd Intetface

S Al X

Mame: S_Axl

Interface Type: Lite -
Interface Made: Slave -
Drata Widthibits): 32 -
Mumber of Reqisters: 4= [4..512]

Interface types

@& Lite : Simpler, non-burst contral register skyle interface
@ Full : Burst Capable, high-throughput memory mapped interface
@ stream @ Burst Capable, high-throughput streaming inkerface

Mote: For more details on AXT4 specification click herve

| < Back |[ Mext = Finish Cancel

1-2-8. Select Generate Drivers and click Next
1-2-9. Select Add IP to Catalog and open IP in editing session selected and click Finish

1-2-10. In the sources panel, double-click the led_ip_v1_0.v file and scroll down to line 15 where last
port is defined.

1-2-11. Add the line:
output wire [7:0] LED,

(Notice the extra comma needed at the end of line)

14 S/ Users to add ports here
15 output wire [7:0] LED,
16 f4 Uzer ports ends

1-2-12. Insert the following at line ~48:

. LED(LED),
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43 ¢/ Instantiation of 4xi Bus Interface 3_4xI

44 led ip vl 0 5 &XT # |

45 .C_% A¥T DATA WIDTH(C S _AXI DATA WIDTH),
a6 .C_% A¥I ADDR WIDTH(C_ S AXI_ADDE_WIDTH)
47 1 led ip wl 0_5 AXT inst |

43 .LED (LED) ,

49 .5 AWT ACLE(s axi_aclk),

1-2-13. Save the file by selecting File > Save File
1-2-14. Expand led _ip_v1_0in the sources view if necessary, and open led_ip_v1_0_S_AXI.v

1-2-15. Add the LED port to this file too, at line 15

14 f# Uzerz to add ports here
15 output wire [7:0] LED,
16 /4 User ports ends

1-2-16. Scroll down to ~line 397 and insert the following code to instantiate the user logic for the LED IP

(This code can be typed directly, or copied from the user_logic_instantiation.txt file in the lab3 source
folder.)

396 A7 add user logic here

397 lab3 user_logic T1§

393 CO_AWT ACLE(S_&XI ACLE) ,

399 .2lv_reqg wren(slv_reg_wren),

400 axi_awaddr (axi_awaddr[C_3 AWI ADDR WIDTH-1:ADDE_LRE])
401 3 _AWT WDATA (5 _AWT WDATA),

a0z L3 _AWT ARESETN (3 _&XI ARESETH) ,

403 .LED[LED)

4an4d 1:

40k AF Uzer logic ends

Check all the signals that are being connected and where they originate.
1-2-17. Save the file by selecting File > Save File

1-2-18. Click on the Add Sources in the Flow Navigator pane, select Add or Create Design Sources,
browse to c:\xuplembedded\sources\lab3, select the lab3_user_logic.v file and click OK, and
then click Finish to add the file.

Check the contents of this file to understand the logic that is being implemented. Notice the formed
hierarchy.

1-2-19. Click on the Package IP - led_ip tab
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1-2-20. For the IP to appear in the IP catalog in particular categories, the IP must be configured to be part
of those categories. To change which categories the IP will appear in the IP catalog click the
browse box on the Categories line. This opens the Choose IP Categories window

1-2-21. For the exercise purpose, uncheck the AXI Peripheral box and check the Basic Elements and

click OK.
¢~ Choose IP Categories ﬁ

AXI Infrastructure -

D AXI Peripheral
— || & Automotive & Industrial

| [ Automotive
BaselP

— [¥] & Basic Elements

~ Accumulators
Comparators
Counters
Memory Elements
|| & Registers, Shifters & Pipelining
—}-|_| > Communication & Networking

~ Error Correction
Ethernet
Modulation
Networking
Serial Interfaces
Telecommunications
|| 15 Wireless
\[=}- || & Debug & Verification

111

OK ] [ Cancel

Figure 2 Specify the category for IP Packager IP

1-2-22. Select IP Compatibility. This shows the different Xilinx FPGA Families that the IP supports. The
value is inherited from the device selected for the project.

1-2-23. Right click in the Family Support table and select Add Family... from the menu.
1-2-24. Select the Zynq family as we will be using this IP on the ZedBoard, and click OK.

1-2-25. You can also customize the address space and add memory address space using the IP
Addressing and Memory category. We won’t make any changes.

1-2-26. Click on IP File Groups and click Merge changes from IP File Groups Wizard
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¥, Project Summary X | = Package IP - led_ip X [E]ERE

IP File Groups
7 IP Identification

.kul} Merge changes from IP File Groups Wizard 4 info messages

W IP Compatibiliey

f i When the file group lisk below is expanded, the individual files within each
W 7 1P File Groups WP group will be displayed, ¥ou can select and use the right-click. rnenu to
addfremove files or addfremove a file group,
W 1P Cuskomization Param

L | Mame Library Mame
¥ 1P Ports X_,J =I[= Standard
. paa | [0 Yerilog Synthesis (2)
By Fdtetfaces = : +- 7 Werilog Simulation (2
o .
W IP Addressing and Memory E 2 Advanced
" +-[ Software Driver (6]
o 1P GUI Customization Layoy - O~ | B0 LD Layout (1)
= +- 5 Block Diagrarm (1)
IP Licensing and Securiky -
Review and Package

This is to update the IP Packager with the changes that were made to the IP and the /ab3_user _logic.v
file that was added to the project.

1-2-27. Do the same for IP Customization Parameters (Merge changes from IP Customization
Parameters Wizard)

Notice that the IP Ports view now shows the user created LED port

«ff TP Customization Parameters 4 Mame Direction Driver Walue  Size Left  Size Left Dependency Size Right
<] LED out 7 ]
7 IP Ports O s_axi_awaddr in 3 (C_5_AXI_ADDR_WID.., 0
) = =_axi_awprat in 2 ]
i TP Interfaces [Cr s_axi_awvalid in i ]

2-1-1. Click Run Synthesis and Save if prompted. (This is to check the design synthesizes correctly
before adding it to the main design.

2-1-2. Check the Messages tab for any errors and correct if necessary before moving to the next
step

When Synthesis completes successfully, click Cancel.
2-1-3. Select Review and Package, and click Re-Package IP

2-1-4. In the Vivado window click File > Close Project
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Modify the Project Settings Step 3

3-1.

Open the previous project, or use the lab2 project from the labsolution
directory, and save the project as lab3. Set Project Settings to point to the
created IP repository.

3-1-1. Start the Vivado if necessary and open either the lab2 project you created in the previous lab or
the lab2 project in the labsolution directory
3-1-2. Select File > Save Project As ... to open the Save Project As dialog box. Enter lab3 as the
project name. Make sure that the Create Project Subdirectory option is checked, the project
directory path is c:\xup\embedded\labs\ and click OK.
This will create the lab3 directory and save the project and associated directory with [ab3 name.
3-1-3. Click Project Settings in the Flow Navigator pane.
3-1-4. Select IP in the left pane of the Project Settings form.
3-1-5. Click on the Add Repository... button, browse to ¢:\xup\embedded\labs\led_ip and click
Select.
The led_ip_v1_0 IP will appear the IP in the Selected Repository window.
é"_ Project Settings @
A L |
ﬁ} Repository Manager | Packager
General Add directaries tao the lisk of repositories, You may then add additional IP to a selected
/-u“ repository, IF an IP is disabled then a tool-tip will alert vou to the reason,
IP Repositaries
Sirmulation C: fxupferbedded)labs)led_ip (Project)
Synthesis E
> 1
Implementation
B_itséream
= E | Add Repository... | I @ Refresh all...
L IP in Selected Repository
led_ip_w1_0 (xilinx, comiuser:led_ip:1.0)
P
l I% add IP... J I & Refresh Repository. .. J
l (0] 4 ] I Cancel I [ Apply
Figure 3 Specify IP Repository
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3-1-6. Click OK.

Add the Custom IP, BRAM, and the Constraints Step 4

4-1. Add led_ip to the design and connect to the AXl4Lite interconnect in the
System Assembly View. Make internal and external port connections.
Establish the LED port as external FPGA pins.

4-1-1. Click Open Block Design under IP Integrator in the Flow Navigator pane, and select system.bd
to open IP Integrator

4-1-2. Click the Add IP icon “F and search for led_ip_v1_0in the catalog by typing “led” in the search
field.

Search: le| (13 matches)

Name

iF AXIBRAM Controller

iF AXI Interrupt Controller
iF Chroma Resampler

iF CIC Compiler

iF Complex Multiplier

iF DDS Compiler

iF FIR Compiler

iF Interleaver/De-interleaver
P led ip vi 0

iF LMB BRAM Controller

iF MicroBlaze Debug Module (MDM)
iF Video Scaler

iF Video Timing Controller

Select and press ENTER or drag and drop, ESC to cancel
Figure 4 Searching for led_ip in the IP Catalog

4-1-3. Double-click led_ip_v1_0 to add the core to the design
4-1-4. Select the IP in the block diagram and change the instance name to led_ip in the properties view

4-1-5. Click on Run Connection Automation, select /led_ip/S_AXI and click OK to automatically make
the connection from the AXI Interconnect to the IP.

4-1-6. Click the regenerate button ( @) to redraw the diagram.
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btns_Shit

| | 2 5_XI
s axi_ack GPIO Sk I—Dbms_Sbits
5_axi_aresein
processing_system?7_0_axi_periph
} AXIGPIO
£ | L SP0_AXI
; ?m - sw_8bit
ARESETN[0:0] [I| s axx
500_ACLK s_axi_ack GPIO i
prOC_SYS_ |—j ) : _ax!_a L |—DSW_BbIt
SO0_ARESETM[0:0] MOD_AXI{h — =_axi_aresetn
-_sync_ck mb_reset = MOD_ACLK MO1_AXIS |
ext_reset_in bus_struct_reset[0:0] fm MOO_ARESETN[0:0] MOZ_AXI || AXIGPIO
==(3ux_reset_in peripheral_reset[0:0] m MO1_ACLK led_ip
=imb_debug_sys rst interconnect_aresetn[0:0] MO1_ARESETN[0:0] Ias ma
= dcm_locked peripheral_aresetn[0:0] T MO2_ACLK e
=_axi_ack LED[7:0]
MO2_ARESETN i
Proc Sys Reset _axi_aresetn
processing_system7_0 AXI Interconnect led_ip_v1i_0
DDR <L ||| DDR
- FIXED_10 < || FIXED_IO
M_AXI_GPD_ACLK ZYNO M_AXI_GPO s |||
: FCLK_CLKD
FCLK_RESETO_N fm—oy
ZYNQ7 Processing System

Figure 5 LED IP Block added and connected

4-1-7. Select the LED[7:0] port on the led_ip instance (by clicking on its pin), right-click and select Make

External.
btns_Shit
[If s pxx
_axi GPIO s _| }btns_Sbits
processing_system?7_0_axi_periph
) AXI GPIO
e | SO0 _AXT
5 f}’m = sw_8hit
proc_sys_reset ARESETN[0:0] |I[s=s_pxx
_ACLK s_axi_aclk GPIOZ: |—Dm_8bit
—S‘{m—dk L _ARESETN[0:0] MOD_AXT o fi: s_axi_aresetn
ext_reset_in bus_struct_reset[0:0] m o e s
=—aux_reset_in peripheral_reset[0:0] m “]]_ TN[0:0] Ml]l_md}-‘ F AXI GPIO
=mb_debug_sys_rst  interconnect_aresetn[0:0] 01_ : = g ted |
== dicm_locked peripheral_aresetn[0:0] l:ll_ ™0:0] P
P Sys Reset 02_'“1'( - " -
roc Sys Resel - : o :
=2 = 5_axi_adk LED[7:0] I—DLED[?.O]
s_axi_aresetn
processing_system7_0 AXI Interconnect led_ip_v1 0
DoR < |} 1 F DDR
FIXED_10= |} FIXED_IO
-
M_AXI_GPO_ACLK ZYNO M_AXI_GPO > |||—-

FCLK_CLKO
FCLK_RESEI'D_I\J;

ZYNQ7 Processing System
Figure 6 LED external port added and connected

4-1-8. Select the Address Editor tab and verify that an address has been assigned to lep_ip.

ZedBoard 3-10 www.xilinx.com/university v
xup@xilinx.com i‘ X”—INX®
© copyright 2013 Xilinx



Lab Workbook Adding Custom IP to the System

Za Diagram ¥ | ] Address Editor X

O el Interface Fin Base Mame Offset Address Range High Address

=

ey =-4F processing_system?_0

- Bl Data (32 address bits : 4i3)

ﬁ n sw_hit S5_AxD Reg Ox41200000 B4k = Ox41Z0FFFF
e imm btrs_Shit 5_aI Req 0x41210000 64K  * 0x4l1Z1FFFF
- led_jp 0 : 4k J0x43C00FFF

Figure 7 Address assigned for led_ip

4-1-9. Select Tools > Validate Design to run the design rules checker. There should not be any
violations.

4-2. Update the top-level wrapper and add the provided lab3_system.xdc
constraints file.

4-2-1. In the sources view, right-click on the block diagram file, system.bd, and select Create HDL
Wrapper to update the HDL wrapper file, and when prompted, select Let Vivado Manage
Wrapper and auto-update and click OK
The system_wrapper.vhd file will be updated to include the new IP and ports. Double-click on the
system-wrapper content to verify that LED port has been added.

4-2-2. Click Add Sources in the Flow Navigator pane, select Add or Create Constraints, and click
Next.

4-2-3. Click the Add Files button, browse to the ¢:\xup\embedded\sources\lab3 folder, select
lab3_system.xdc

4-2-4. Click Finish to add the file.

4-2-5. Expand Constraints folder in the Sources pane, and double-click lab3_system.xdc file entry to
see its content. This file contains the pin locations and |0 standards for the LEDs on the
Zedboard. This information can usually be found in the manufacturer’s datasheet for the board.
This part of the lab, creating and adding custom IP is now complete. The next lab will require
Block RAM memory which will be added now.

4-3. Add BRAM to the design

4-3-1. In the Block Diagram, click the Add IP icon 1 and search for BRAM and add one instance of the
AXI BRAM Controller

4-3-2. Run connection automation, on axi_bram_ctrl_0/S_AXI and click OK when prompted to connect
it to the M_AXI_GPO Master.

4-3-3. Double click on the block to customize it and change the number of BRAM interfaces to 1 and
click OK.

Notice that the AXI Protocol being used is AXI4 instead of AXl4Lite since BRAM can provide
higher bandwidth and the controller can support burst transactions.
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ﬁ Re-customize IP

AXI BRAM Controller (3.0)

@ Documentation || 7 IP Location

G

[] Show disabled parts

Component Mame | system_axi_bram_ctrl_0_0

A3 Protocal
Data Width
Merory Depth (Auko)

10 Width (Auto)

BRAM Cplions
BRAM INSTANCE {Auka)

Mumber of BRAM interfaces | 1

ECC Options
Enable ECC Mo
Enable Faulk Injection | Mo

ECC Reset Value 1]

|: Suppart AT Marrow Bursts | Yes

External =

4

ARl4
32 -
G192

i

Figure 8 Customize BRAM controller

4-3-4. Run Connection Automation to add and connect a Block Memory Generator (This could be
added manually)
4-3-5. Validate the design to ensure there are no errors, and click the regenerate button ( @) to redraw
the diagram.
The design should look similar to the figure below.
btns_Sbit
s
——s@iack  GPIOk |[l——3 btns_Shits
—s.3x_aressin
AXI GPIO
led_ip
processing_system?7_0_axi_periph ” 15 AXI
Ja _aiack  LED[:0] i) LED[7:0]
b L p—s_axi_aresstn
ACLK
= ARESETN[ 0:0] led_ip_v1_0
SO0_ACLK Bhit
- sys_reset ::mnn] MOO_AXI 5 =
et MO1_AXI
showest_sync_ck mb,_resst - 400 _ARESETNID: 0] -
ext_reset_in bus_struct_reset[0: 0] MO1_ACLE SR
—{aw_reset_in peripheral_resat]0:0] MO1_ARESETN]D: 0] MR
b debug_sys st interonnect,_aresan[0:0] M02_ACLK axi_bram_ctrl_0 AXL GPIO
={dem_locked [0:0] MO2, gl e axi_bram_ctrl_0_bram
MO3_ACLK .
roc Sys Rese 03 p——sd_ack BRAM_PORTA< |_||W
processing_system7_0 AXI Interconnect AXI BRAM Contrller
mn+ﬂ| DDR
-~ FrxED_10:k ||| [ FIXED_IO
M_AXI_GPO_ACLK | M_AXI_GPOch =
ZYNQ. <t ol
FOLK_RESETO_N p—

ZYNQ7 Proessing System

Figure 9 Completed Block Diagram
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4-3-6. In the Address editor, increase the Range of the axi_bram_ctrl_0 to 8K

e Diagram x| [ Address Editor X

Q| cel Intetface Pin - Base Mame Offset Address Range High Address
E E-{F processing_svstem?_0
% Elﬂ Data (32 address bits : 4i3)
-:- sw_Shit S_AxI Reqg OxdlzZ0oooo Gk * 0x4120FFFF
e == bns_Shit 5 AN Reg Ox41210000 g4~ Ox41Z1FFFF
em led_jp_0 5 AN S_A¥l req  Ox43C00000 4¢  ~ Ox43CO0FFF

- axi_bram_ctrl_0 [ mem0 0x4000LFFF

Figure 12 Assigning address range

4-3-7. In the sources view, right click on the system.bd block diagram file and select Create HDL
wrapper (Click OK when prompted)

4-3-8. Press F6 to validate the design one last time.

4-3-9. If there are no errors, click on the Generate Bitstream in the Flow Navigator to run the synthesis,
implementation, and bitstream generation processes. (Click Save if prompted.)

4-3-10. Click Yes to run the synthesis process again as the design has changed.
4-3-11. When the build completes, click OK if prompted to open the Implemented design.

Conclusion

Vivado IP packager was used to import a custom IP block into the IP library. The IP block was then added
to the system. Connection automation was run where available to speed up the design of the system by
allowing Vivado to automatically make connections between IP. Pin location constraints were added to
the design. Finally, an additional BRAM was added to the design, and the design was built (bitstream
generated) in preparation for the next lab.
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