Creating a Custom IP core using the IP Integrator

ZedBoard

(https:/ /reference.digilentinc.com/_detail/reference/programmable-logic/zedboard-getting-

started-with-zynq/zedboard-obl-bg-600.jpg?id=learn®%3 Aprogrammable-logic®3Atutorials%3 Azedboard-creating-custom-ip-cores%o3 Astart)

Prerequisites

- Completed the Zedboard @ Getting Started with Zynq (https://reference.digilentinc.com/learn/programmable-logic/ tutorials/ zedboard-getting-started-with-zynq/start) - Have SDK installed

Tutorial

This demo will show how to build a basic PWM controller to manipulate on board LEDs using the processing system of the Zynq processor. We will be able to change the PWM window
size from the IP graphic interface and then control the duty cycle in C written for the processor.

1. Open Vivado and create a new project

Open a new project as shown in the Zybo Getting Started Guide
Go to Tools—>Create and package IP

Create and Package IP

VIVADO' This wizard can be used to accomplish tno 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, block design or specified directory.

Create a new AXI4 Peripheral

This wizard will guide you through the process of creating a new AX14 peripheral which indudes
HOL, driver, soft test , 1P or BFM lation and debug

design.

Click Next to continue

Finish Cancel
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2. Create your custom IP project



2.1) Select Create a new AXI4 peripheral and click Next

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

Packaging Options

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

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

(@) Package a spedfied drectory
Choose a directory as the source for creating a new IP Definition.

Create AXI4 Peripheral

Create a new AXI4 peripheral
Create an AXI4 IP, driver, soft test hid AXI4 BFM il and debug
design.

2.2) Input “My_PWM_Core” in the name field and click Next

Peripheral Details ‘
Specify name, version and description for the new peripheral ‘

My_PWM_Core

Name:
Version: 1.0
Display name: My_PWM_Core_v1.0

Description: My new AXI IP
1P location:  C:/workspace/tutorials/ip_repo J
Overwrite existing

[t]

<Rk 1| mext> Finish Cancel




2.3) No changes to the AXT interface are required, so click Next

Add Interfaces
Add AX14 interfaces supported by your perpheral ‘
[ ] Enable Interrupt Support & - Neme 'sw_m*
A Interfaces Interface Type Lite -
X[l S500_AXI
Interface Mode Slave -
Data Width (Bits) | 32 >
Memory Sze (Bytes) | 64 =
Number of Registers | 4 [4..512)
My_PWM_Core_v1.0
v
< >
<Back f“'rgxt > "3 Finish Cancel
2.4) Select Edit IP and click Finish
. x
Create Peripheral
VIVADO' Peripheral Generation Summary
1. IP (natinst.com:user:My_PWM_Core: 1.0) with L interface(s)
2. Driver(v1_00_a) and testapp more info
3. AXI4 BFM Simulation demonstration design more info
4. AXI4 Debug ¢ L design more nfo

Peripheral created will be avaiable in the catalog :
C:fworkspace ftutorials/ip_repo

Next Steps:

() Add IP to the repository

@ Edt

() Verify peripheral IP using AXI4 BFM Simulation interface
() Verify peripheral IP using JTAG interface

Click Finish to continue

<Back \ Next > Finish Cancel

3. Designing the IP core

3.1) A new instance of Vivado will open up for the new IP core. Expand the top level file My_PWM_Core_v1_0. Then double-click on My_PWM_Core_v1_0_S00_AXI to open
it in the editor.

4. Modifying My PWM_Core_vl_0_S00_AXI

4.1)To allow for the user to change the maximum value of the PWM window in the top level, change this:
// Users to add parameters here
// User parameters ends

// Do not modify the parameters beyond this line

To this:

// Users to add parameters here

parameter integer PWM_COUNTER MAX = 1024,

// User parameters ends

// Do not modify the parameters beyond this line



4.2) To give the PWM signals a port out of the custom IP core, change this:

// Users to add ports here

// User ports ends
// Do not modify the ports beyond this line

To this:

// Users to add ports here

output wire PWMO,

output wire PWM1,

output wire PWM2,

output wire PWM3,

// User ports ends

// Do not modify the ports beyond this line

4.3) The following modification creates a counter that is 16-bits wide with a maximum of (2*16)-1, which will be more than enough for most applications. Scroll to the bottom of the
file and change this:

// Add user logic here

// User logic ends

To this:

// BAdd user logic here
reg [15:0] counter = 0;

//simple counter
always @(posedge S_AXI_ACLK) begin
if (counter < PWM_COUNTER_MAX-1)
counter <= counter + 1;
else
counter <= 0;
end

//comparator statements that drive the PWM signal
assign PWMO = slv_reg0 < counter ? 1'b0 : 1'bl;
assign PWM1 = slv_regl < counter ? 1'b0 : 1'bl;
assign PWM2 = slv_reg2 < counter ? 1'b0 : 1'bl;
assign PWM3 = slv_reg3 < counter ? 1'b0 : 1'bl;

// User logic ends

Overall this module will write data into the slave registers from the processor. The simple counter will count till the max value and reset forever. Then each of the comparator
statements checks if the current counter value is greater than the value stored in the slave registers and sets PWM high if the compare value is less than the current counter.

What we have accomplished:
Parameterized the PWM window size with PWM_COUNTER_MAX
— Added ports so the higher level file can get the PWM signals
— Added a simple counter that counts from zero to PWM_COUNTER_MAX-1
— Added four asynchronous comparator signals that create the PWM signal

5. Modifying My PWM_Core_v1_0
5.1) Double-click on My_PWM_Core_v1_0 to open it in the editor.
The following modifications add the ports for the PWM signals and the parameter up to the top HDL file. This will allow the GUI () to change, connect, and modify the IP core.
5.2) Change this:

module My PWM Core vl 0 #
(

// Users to add parameters here

// User parameters ends
// Do not modify the parameters beyond this line

To this:

module My PWM Core vl _0 #

(
// Users to add parameters here
parameter integer PWM_COUNTER MAX = 128,

// User parameters ends
// Do not modify the parameters beyond this line



5.3) Then change this:

// Users to add ports here

// User ports ends

To this:

// Users to add ports here
output wire PWMO,

output wire PWMI,

output wire PWM2,

output wire PWM3,

// User ports ends

5.4) And this:

// Instantiation of Axi Bus Interface S00_AXI

My_PWM_Core_vl_0_SO00_AXI # (
.C_S_AXI_DATA_WIDTH(C_SO00_AXI_DATA WIDTH),
.C_S_AXI_ADDR WIDTH(C_S00 AXI_ ADDR WIDTH)

) My_PWM Core_vl_0_S00_AXI_inst (
.S_AXI_ACLK(s00_axi_aclk),
.S_AXI_ARESETN(s00_axi_aresetn),
.S_AXI_AWADDR(s00_axi_awaddr),
.S_AXI_AWPROT(s00_axi_awprot),
.S_AXI_AWVALID(s00_axi_awvalid),
.S_AXI_AWREADY(s00_axi_awready),
.S_AXI_WDATA(s00_axi_wdata),
.S_AXI_WSTRB(s00_axi_wstrb),
.S_AXI WVALID(s00 axi wvalid),
.S_AXI_WREADY(s00_axi_wready),
.S_AXI_BRESP(s00_axi_bresp),
.S_AXI_BVALID(s00_axi_bvalid),
.S_AXI_BREADY(s00_axi_bready),
.S_AXI_ARADDR(s00_axi_araddr),
.S_AXI_ARPROT(s00_axi_arprot),
.S_AXI_ARVALID(s00_axi_arvalid),
.S_AXI_ARREADY(s00_axi_arready),
.S_AXI_RDATA(s00_axi_rdata),
.S_AXI_ RRESP(s00_axi_rresp),
.S_AXI_RVALID(s00_axi_rvalid),
.S_AXI_RREADY(s00_axi_rready)

To this:

// Instantiation of Axi Bus Interface S00_AXI

My_PWM_Core_vl_0_SO00_AXI # (
.C_S_AXI_DATA_WIDTH(C_S00_AXI_DATA WIDTH),
.C_S_AXI_ADDR_WIDTH(C_S00_AXI_ADDR WIDTH),
.PWM_COUNTER_MAX(PWM_COUNTER_MAX)

) My_PWM Core_vl_0_S00_AXI_inst (
.PWMO (PWMO ) ,
.PWM1 (PWM1),
.PWM2 (PWM2) ,
.PWM3 (PWM3) ,
.S_AXI ACLK(s00_axi_aclk),
.S_AXI_ARESETN(s00_axi_aresetn),
.S_AXI_ AWADDR(s00_ axi_awaddr),
.S_AXI_AWPROT(s00_axi_awprot),
.S_AXI_AWVALID(s00_axi_awvalid),
.S_AXI_AWREADY(s00_axi_awready),
.S_AXI_WDATA(s00_axi_wdata),
.S_AXI_WSTRB(s00_axi_wstrb),
.S_AXI_WVALID(s00_axi_wvalid),
.S_AXI_WREADY(s00_axi_wready),
.S_AXI_BRESP(s00_axi_bresp),
.S_AXI_BVALID(s00_axi_bvalid),
.S_AXI_BREADY(s00_axi_bready),
.S_AXI_ARADDR(s00_axi_araddr),
.S_AXI_ARPROT(s00_axi_arprot),
.S_AXI_ARVALID(s00_axi_arvalid),
.S_AXI_ARREADY(s00_axi_arready),
.S_AXI_RDATA(s00_axi_rdata),
.S_AXI_RRESP(s00_axi_rresp),
.S_AXI_RVALID(s00_axi_rvalid),
.S_AXI_RREADY(s00_axi_rready)



6. Packaging the IP core
Now that we have written the core, it is time to package up the HDL to create a complete IP package.

6.1) Now click on Package IP in the Flow Navigator and you should see the Package IP tab. Select Compatibility and make sure “Artix7” and “Zynq” are present. If those are not
there, you can add them by clicking the plus button. The Life Cycle does not matter at this point.

| X Project Summary X | & Package IP - My_PWM_Core X
Packaging Steps « |  Compatibility

 Identification o Famiy  Life Cyce
= @ zynq Pre-Production
4 @t beta

+/ File Groups 3
' Customization Parameters
+/ Ports and Interfaces

+/ Addressing and Memory
+ Customization GUI

Review and Package

6.2) Select Customization Parameters and select the line for Merge Changes from Customization Parameters Wizard. This will add the PWM_COUNTER_MAX
parameter from the top file under the hidden parameters folder.

| Eproject ummary X | & Package IP - My_PWM_Core X
Padkaging Steps «  Customization Parameters
 Ientificotion A | Name Description Diplay Name Value Vale BtStinglength  VakeFomat  Value Souce
ok B Customzation Parameters
 Compatbiity [ | C_S00_AXIDATA WIDTH Widthof S AXI databus  CS00 AXIDATAWIDTH 32 0 ong defaut
| 3 C_S00_AXI_ADDR_WIDTH Width of S_AXI address bus C 500 AXI ADDR WIDTH 4 0 ong defoult
¥ Fla Growes Bl | @ c_s00_ax1_BasEADOR CS00 AXIBASEADOR  OXFFFFFFFF 32 bitString default
2 @ C_S00_AXI_HIGHADOR €500 AXIHIGHADOR  0x00000000 32 bitString default
| Customization Parameters + | @ pam_couTeR_Max Pwm Counter Max 128 0 long default
+/ Ports and Interfaces ®
+ Addressing and Memory
+/ Customization GUI
Review and Package

menu. Since we have a max value of (2216)-1 = 65535 and a min value of 0, then Click Ok.

x|
| E Project Summary X & Package IP - my_PWM_CORE X @ my_PWM_CORE vl 0.v X @ my_PWM_CORE_v1_0_S00_AXLv X | B2 %
8 | Packaging Steps “  Customization GUI ?|
§ ¥ Identification Layout Preview
=< AT +=-1 13 =
> mpati : - i ——
|| ¥ Compatibiity 1 Wiksdow 4 EditIP Parameter TP —
v File Groups 4+ Component Name
% &2 Page 0 Use the options below to customize how the parameter will appear in the Customization ‘
-& v Customization Parameters © C S00 AXI DATA GUI for users of the IP.
 Ports and Interfaces % €500 AXLADDR "
A & €500 Ax1 BASEA])| Nome: PWM_COUNTER_MAX I
¥ Addressing and Memory & €500 AXIHIGHAT | 7] visible in Customization GUT
s “y | [ Hidden Parameters
: [V! Show Name
Review and Fackage Display Name:  Pwm Counter Max
Tooltip:
Eormat: long X
Editable: Yes x
Dependency: No v
V] Spegfy Range
Type: Range of integers v
Minimum: 0
Maximum: 65535
V| Show Range
Show As: Not Applicable
Layout: Not Apphicable
Default Value: 128




6.4) Drag the Pwm Counter Max into Page 0 to get it in the main page.

| E Prowect Summary X & Package IP - My_PWM_Core X

+ Customization Parameters
£ €500 AXI DATA WIDTH
-~ CS00 AXI ADDR WIDTH
£ CS00 AXI BASEADOR
£ €500 AXI HIGHADOR

| Costomaatongur | "

Review and Package

+ Ports and Interfaces

V' Addressng and Memory

€500 AXI DATA WIDTH | 32
€500 AXI ADDR WIDTH |4
€500 AXIBASEADOR  ONFFFFFFFF
€500 AXIHIGHADOR | 0x00000000

6.5) Now the core should be complete so select Review and Package and click the Re-package IP button.

Packaging Steps «  Customization GUI
V Hdentif Layout Preview
PR il 3 4 =
 Compatibiity g . [ Show disabled ports Component Name | My_P'WM_Core_0
Window -~ :
' Fie Groups 4 Component Name Pwm Counter Max 128 | [0-65535)

0|
(]

L Project Summary X | & Package IP - My_PWM_Core X

Reot drectory: c:/workspace/tutorials fip_repojmy_pwm_core_1.0
' Customization Parameters

+ Ports and Interfaces
V' Addressing and Memory
' Customizaton GUE
| ReviewandPadage |
© An archive will not be generated, Use the settings link below to change your preference
© Project wil be removed after completion
edit packaing settings.

e R Bl

02 x
Packaging Steps «i Review and Package ?
V' Identification Summary
v Display name: My _PWM_Core_v1.0
Desaripion: My new AXI P
V' File Groups.

6.6) A popup will ask if you want to close the project, Select Yes.

Finished packaging 'My_PWM_Core_v1.0' successfully.
Package IP Location: c:/workspace /tutorials/ip_repo/my_pwm_core_1.0

Do you want to close the project?

| !s_i| No

7. Create Zynq design

7.1) In the project manager page of the original window, click Create Block Design. This adds a block design to the project.



7.2) Use the i3 Add IP button to add the Zynq Processing System.
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7.3) Use the 1% Add IP button again to add our PWM core.
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7.4) Run Block Automation.

Automaticaly make connections in your design by chedkng the boxes of the blocks to connect. Select a block on the left to display its configuration cptions on the right.

4

@ (V] Al Automeion (1 out of 1 selected) Description
-
o 2ynq7 apphes for FIXED_JO,
] Trigger and DOR interfaces.

NOTE: Apply dscard w» ph this box, if you wish to

retain previous configuration.

Instance: fprocessing_system?_0

Options

Make Interface Extemal: FIXED_JO, DOR
Apply BowrdPreset: V]

QossTrigoerIn: | Disable |
Cross Trigoer Out: Disable ~ |

7.5) The connection automation tool will add the required logic blocks for the demo. Select Run Connection Automation highlighted in blue.

_[Z-noiagram xT&AddressEditnr x]
3] & system
&[G Designer Assistance available. Run Connection Automation

(https:/ /reference.digilentinc.com/_detail/reference/programmable-logic/zedboard-getting-

e

started-with-zynq/image_15.jpg?id=learn®3Aprogrammable-logic%3 Atutorials”03Azedboard-creating-custom-ip-cores®o3 Astart)

7.6) Your design should look like this:
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7.7) Double-click our PWM core to customize the parameter that we made earlier. Set the PWM Counter Max to 1024. and click OK.

En Re-customize IP | x |
My_PWM_Core_v1.0 (1.0) ¢

1 ocumentaton [ 1P Location

[] Show dsabled ports Component Name  design_1_My_PWM_Core_0_2
~ e
Pwm Counter Max 128 [0 - 65535]
€500 AXIDATA WIDTH | 32 -]
€500 AXI ADCR WIDTH 4
CS00 AXIBASEADDR ~ OXFFFFFFIT L]
€500 A ()
£f#rso0aua ML
T pune
=500_ai_arezetn WD
< N

(o ][ oo

7.8) Right-click each of the PWM signals and select Create Port...

[ ]2 Dlagram x| & P Catabg x| B AddessEdir x| o

e x|
] i cesign_1 »
o a
o
K
(5] pr Q_system?_0_axi_periph
7.0_100M
g . rst_processing_system?7_0_ 2500 AX1
syne_dk mb_reset | My_PWM_Core_0
3 reset_in bus_struct_reset{0:0] L e
- —aux_reset in peripheral_ ACK  EIEE MO0_AXI 4 (i | 4500_Axt @ BlockPn ropertes... Tk
M
] =mb_debug_sys_rst  Interconnect_aresatn{0:0] rt—500_ARESETN 17 axi_adk B 4 »
& —dam_locked peripharal_; 00_ACLK 00 _aresetn L | X Det
) ARESETN o Copy Ctd-C
= Processor System Reset MAPWM Core v IO e W Feet Ctev
i — 2
E 4 ! processing_system7_0 AXT Interconnect & Search... CtrleF
od PTP_ETHERNET O § Selctal CdeA
® DOR% P AP Ctrel
® FIXED_1O+ °u CteT
) SDI0_0+ @ Psetsngs...
L3 - USBIND_0-4 @ vakdate Design 6
—-mmZYNQ ¢ M_AXL_GPO<4- Start Connection Mode CteH
T TTOD WAVED OUTh
| WAVED Make Comection...
TTOO_WAVEL OUT S
TTCO_WAVE_OUT S
FOLK_QLKO) 55
FOLK_RESETO_Nf—] A
m— s
ZYNQ7 Processing System ExpendCollepse »
I Ovl= Compt v
Creste Port... Ctd=K |
- @ Regerwrate Layout
0 Save as POF Fle...




7.9) Click the button for Validate Design.
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7.10) Click Project Manager, right-click the “design_1.db” file and Create HDL Wrapper...

Flow Navigator «

QI

4 Project Manager
5 Project Settings
¥ Add Sources
@ Language Templates
4F 1P catalog

4 1P Integrator
4% Create Block Design
5¥ Open Block Design
& Generate Block Desgn
4 Simulation

5 simulation Settings
([} Run Simulation

4 RTL Analysis
& Elaboration Settings
I (@® Open Elaborated Design

4 Synthesis
R Sunthecic Settinas

= na |l

&) {25 Design Sources (1) "
B EC%\ i@ Source Node Properties... Ctri+E
 osmi|_ Create HOL Wrapper...
(2R ] View Instantiation Template
Generate Output Products...
Reset Output Products...
Replace File,.
® Copy File Into Project
Copy All Files Into Project Alt+|
X Remove File from Project... Delete
Enable Fie Alt+Equals
Disable Fie Alt+Minus
Hierarchy Update »
@ Refresh Hierarchy
Source IP Herarchy [ R
- se SetasTop
%, design Set File Type.




7.11) Double-click design_1_wrapper.v to open it in the editor. Take note of the name for the PWM signals. Add the “zedboard_master_XDC_RevC_D_v3.xdc” constraint file
that can be downloaded * @ ZedBoard.org (http://zedboard.org/support/documentation/ 1521)* First comment all lines then uncomment the lines of code for the LEDs in the xdc file
and change this:

##

## User LEDs - Bank 33

##

set_property PACKAGE PIN T22 [get ports {LD0}]; # "LDO"

set_property PACKAGE PIN T21 [get ports {LD1}]; # "LD1"

set_property PACKAGE PIN U22 [get ports {LD2}]; # "LD2"

set_property PACKAGE PIN U21 [get_ports {LD3}]; # "LD3"
To this:

##

## User LEDs - Bank 33

##

set_property PACKAGE PIN T22 [get_ports {PWMO}]; # "PWMO"

set_property PACKAGE PIN T21 [get ports {PWMl1}]; # "PWM1"

set_property PACKAGE_PIN U22 [get_ports {PWM2}]; # "PwWM2"

set_property PACKAGE PIN U2l [get_ports {PWM3}]; # "PWM3"

Then uncomment the lines of code for bank 33 in the xdc file and change this:

# Un-comment one or more of the following IOSTANDARD constraints according to
# the bank pin assignments that are required within a design.
#

# Note that the bank voltage for IO Bank 33 is fixed to 3.3V on ZedBoard.
#set_property IOSTANDARD LVCMOS33 [get_ports -of objects [get_ iobanks 33]];

To this:

# Un-comment one or more of the following IOSTANDARD constraints according to
# the bank pin assignments that are required within a design.
#

# Note that the bank voltage for IO Bank 33 is fixed to 3.3V on ZedBoard.
set_property IOSTANDARD LVCMOS33 [get_ports -of_objects [get_iobanks 33]];

7.12) Click Generate Bitstream. Building the bit file can take some time.



7.13) Export the hardware by going to File—=Export—Export Hardware...

Edit Flow Tools Window Layout View Help

File
] > W @ XL @ [Bochutiayon
[ Open Project...
B ek Pt Design - design_1
Open Recent Project »
==
Open Example Project... =
o Zewat hE
. { Design Sources (2)
Wit Project Tl =@ design_1_wrapper (design_1_wrapper.v) (1)
G Archive Project... (-4, design_1_i - design_1 (design_1.bd) (1)
Close Project & IP Update Log (1)
{5 Constraints (1)
B Save Block Design Ctrl+S | & constrs_1 (1)
Close BlockDesigpn | 3 ZYBO_Master.xdc
= {5 Simulation Sources (1)
Open Checkpoint... B sim_1(1)
Open Regent Checkpoint >
Write Checkpoint...
New IP Location.
Open IP Location,
Open Recent IP Location 4
New File
Open File... Ctrl+0
Open Recent File 3
Open IP-XACT File, lerarchy | IP Sources | Libraries | Compile Order |
Save All Files... & Sources IEDW [gmds |__.3°ard |
@ Add Sources... Alt+A File Properties o
Open Source File... Ctrl+N l’m,_.'ﬁ S
| Export » Export Hardware.... |
Open Log File W Export Bitstre: [1_PWM_tut/AXI_PWM_tul
& Print... Ctrl+P 13.0x8
) fied: Today at 11:01:21 AM
Bxt jed to:  C:/workspace/tutorials/AXI_PWM_tut/AXI_PWM_tul
4 Proaram and Debua | | Copied from: C:/Users/mwingers/Downloads/ZYBO_Master.xdc

7.14) Check the box Include bitstream and click Ok




7.15) Select File—>Launch SDK, and hit Ok on the window that pops up.

—

File | Edit Flow Tools Window

Layout View Help

@ T

New Project.. > > W B X
Open Project...
Design - design_1
Open Recent Project » Ld‘ =
Open Example Project... phoa
G pdg
Save Project As... s I- wl,,.
. . {2 Design Sources (2)
Write Project Td... 5@ design_1_wi
Archive Project... . -4 design_1i -
Close Project -5 1P Update Log (1
{2 Constraints (1)
Save Block Design Ctrl+S | B-& constrs_1 (1)
Close Block Design ~ HHZYBO_Maste
{ Simulation Sources (-
Open Checkpoint... - sim_1(1)
Open Recent Checkpoint 4
Write Checkpoint...
New IP Location...
Open IP Location...
Open Recent IP Location 4
New File...
Open File... Ctrl+0
Open Recent File 3
Open IP-XACT File...

lerarchy | IP Sources |

™

Save All Files...

| & Sources | Ei Desi

Add Sources...

Alt+A

irce File Properties
le... ==
Open Source File Ctrl+N .’ [}
Bport * bYBO_Master.xdc
Launch SDK
LogFle hcation: C:/workspa
Open Journal File ype E
& Print... Ctrl+P [ S
fied: Today at 1:
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8. Programming in SDK



8.1) Create a new application project

File Edit Source Refactor Navigate Search Project Xilinx

MU ®~-A-2HEHED &6

& Application Project | 5"
SPM Project

4

Wi, Board Support Package
9 Project..

A% Source Folder

(% Folder

@ Source File

|h/ Header File

| ¥ Filefrom Template

G Class

F4  Other... Ctrl+N

8.2) Setup the window as shown below and then click Next

Application Project ﬁ
Create a managed make application project.

Project name: I PWM _A)(l_tutoriaﬂ ]

[v] Use default location

cation:  C\Users\jpeyron\creating_custom_ip\creating_custom_ip.sdk\PWM_, Browse...

Choose file system: default
OS Platform: standalone v
Target Hardware
Hardware Platform: ign_1_wra 0 v New..

fmn' L pper e pistor ’ (https:/ /reference.digilentinc.com/_detail/learn/programmable-logic/ tutorials/zedboard-

Processor: ps7_cortexad 0 v
Target Software
Language: ®C ()C++
Compiler 32-bit v

Board Support Package: (® Create New | PWM_AX|_tutorial_bsp

(O Use existing PMW_AXI_tutorial_bsp

@ <o | New> [[ Fesn ][ cancel

creating-custom-ip-cores/image_15.jpg?id=learn®3Aprogrammable-logic%3 Atutorials’o3 Azedboard-creating-custom-ip-cores®3Astart)

8.3) Select Empty Application and then click Finish.



Templates &
Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

D% A blank C project. A

Hello World

IwiP Echo Server

Memory Tests

OpenAMP echo-test

OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Peripheral Tests

RSA Authentication App

Zynq DRAM tests

Zynq FSBL

(https:/ /reference.digilentinc.com/_detail/learn/programmable-logic/tutorials/zedboard-

® o | v [rem ][ ome

creating-custom-ip-cores/image_13.jpg?id=learn®3 Aprogrammable-logic’o3 Atutorials%3 Azedboard-creating-custom-ip-cores 3 Astart)

8.4) Expand the PWM_AXI_tutorial—>src folder. Right-click the sre folder and add a new file.

File Edit Source Refactor Navigate Search Project XilinxTools Run Window Help

Mrio®~-f-acrEE D wgvSvg-e@-i
%ijed&plorer%' B8%|Y T = O systemmss ||]
b Q design_1_wrapper_hw_platform_0 /* Definitior
4 =5 PMW_AX_tutorial #define XPAR_
b I Inchades /* Definitior
b > Debug #define XPAR_
4
| New » | 4 Project..
Go Into oS "
File
> gl P = | =
Open in New Window [ % File from Template al
AR
Copy Ctrl+C 3 Folder
Paste Ctr+V | @& Class -3
Delete Delete | [/ Header File
Source » | [¢] SourceFile i
Move... 69 Source Folder DII
Rename... F2 C Project DOL
Dy Import... [ Ce+ Project
a3 Eport.. F9 Other. CtieN  fior
R
&7 Refresh F5 §
/* Definitior
Index ’ #define XPAR_
Make Targets ’ #define XPAR_
Resource Configurations 4 i
Profiling Tools 4 )
Team »
/* Definitior
Compare With 3 ine XPAR.

Restore from Local History...
/* Definitior
%" Run C/C++ Code Analysis #define XPAR_
#define XPAR_
Properties Alt+Enter #define XPAR_

Create a file named “main.c”.



8.5) Add the lines:

#include "xparameters.h"
#include "xil io.h"

//#define MY_PWM XPAR MY PWM_CORE_0_SO00_AXI_BASEADDR //Because of a bug in Vivado 2015.3 and 2015.4, this value is not correct.
#define MY _PWM 0x43C00000 //This value is found in the Address editor tab in Vivado (next to Diagram tab)

int main(){
int num=0;

int i;
while(1){
if(num == 1024)
num = 0;
else
num++;

Xil_Out32(MY_PWM, num);

Xil Out32( (MY PWM+4), num);
Xil_Out32((MY_PWM+8), num);
Xil Out32( (MY PWM+12), num);

for(i=0;1i<300000; i++);

8.6) To program the FPGA, Go to Xilinx Tools—>Program FPGA. To load the SDK application onto the Zedboard, right-click on “PWM_AXI_tutorial” and select Run
As—Launch on Hardware (System Debugger).

= Tt - PN IS e - Xk SOK -olER

ThcidterieBe e0c R ATEBNEES -

(https://reference.digilentinc.com/_detail/learn/programmable-logic/ tutorials/ zedboard-

creating-custom-ip-cores/image_14.jpg?id=learn®3Aprogrammable-logic%3Atutorials’03Azedboard-creating-custom-ip-cores®3Astart)

9. Celebrate!

Now the 4 LEDs on the Zedboard will be pulsing. Lean back in your chair and feel accomplished because you just created your own custom IP core.

learn (https://reference.digilentinc.com/tag/learn?do=showtag&tag=learn), programmable-logic (https:/ /reference.digilentinc.com/tag/programmable-logic?do=showtag&tag=programmable-logic), tutorial
(https:/ /reference.digilentinc.com/tag/ tutorial?’do=showtag&tag=tutorial), zedboard (https:/ /reference.digilentinc.com/tag/zedboard?do=showtag&tag=zedboard)
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