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Creating custom peripherals to BSB #3 (MyLED Peripheral)
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Topics covered

Introduction — Embedded Systems
FPGAs, Digilent ZyBo development platform

Embedded System - Firmware development environment (Xilinx Vivado — ,,EDK”
Embedded Development)

Embedded System - Software development environment (Xilinx VITIS —,,SDK”)
Embedded Base System Build (and Board Bring-Up)

Adding Peripherals (from IP database) to BSB

Creating and adding custom (MyLED) Peripherals to BSB

Development, testing and debugging of software applications — Xilinx VITIS (SDK)

L 0 N O U &

Design and Development of Complex IP cores and applications (e.g. camera/video/
audio controllers)



Important notes & Tips

 Make sure that the path of the Vivado/VITIS project to be
created does NOT contain accented letters or "White-space"
characters!

* Have permissions on the drive you are working on:
— If possible, DO NOT work on a network / USB drive!

 The name of the project and source files should NOT start with
a number, but they can contain a number! (due to VHDL)

e Use case-sensitive letters consistently in source file and
project!

* If possible, the name of the project directory, project and
source file(s) should be different and refer to their function for
easier identification of error messages.

* The directory path should be no longer than 256 characters!
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* Vivado — Block Designer

— Create and add a custom MyLED IP peripheral to
the block design (Embedded Base System) not in
the IP Catalog,

— Parameterize IP blocks, set connections, interfaces,
address, and external ports (if needed),

* VITIS - SDK

— Create SW driver
— Customize compiler settings,
— Creating a software application: LEDWrite ()



Main steps to solve the task

 Create a new project based on previous lab (LABO2 A) by
using the Xilinx Vivado (IPl1) embedded system designer,

— LABO2_A project - Save as... > LAB03 !
* Create and generate custom IP Peripheral in Package IP Wizard,
e Select and add custom IP Peripheral to the base system,
* Parameterize and connect them, make external ports,
* Overview of the created project,

— Implementation and Bitstream generation (.BIT) is now necessary,
because PL side will also be configured!

* Create peripheral software application(s) running on ARM by
using the Xilinx VITIS environment (~SDK),

e Verify the operation of the completed embedded system and
software application test on Digilent ZyBo.



Project — Open / Save as...

e Start Vivado

— Start menu - Programs — Xilinx Design Tools - Vivado
2020.1

* Open the previous project! (LAB02_A)
— File = Project = Open... / Open Recent...

— <projectdir>/LAB02_A/<system_name>.Xpr =
Open

* File > Project - Save As... - LABO3
— (This will save the former project LABO2_A as LABO3)



Test system to be implemented

AXK I’ Interconnect %XI BRAM Controller<—>’ BRAM ‘
Block

AXld-
Lite 12C T\ =

\ 4

AXI AXI14- -
Interconnect Lite LED_IP L—-E» ]
AXI4- Block
e F2E——>  GPIO
PS e " GPIO @Mﬂ’
- /
PS side: PL side (in FPGA logic)
* ARM hard-processor (Core0)  LABO3: custom MyLED IP

* Internal OnChip-RAM controller

 UART1 (serial) interface
 External DDR3 memory controller o



Add IP path

* File > IP - New Location... - Next

| # New IP Location

Manage IP Settings

| Set options for creating and generating IP.

Part; B Zybo (xc7z010clg400-1)
Target language: VHDL e
Target simulator: Vivado Simulator e
Simulator language:  VHDL e
IP location: |C:/vivado_EDEDjflP_Repo |

)

A new IP can be located at:
a.) locally into the actual project directory
or

b.) globally into the Vivado’s IP Catalog
(~global repository)

We want to use this latter now

add \1p Rrepo atthe and of path (where
our previous projects located).

\IP_Repo\managed ip project
subdirectory created with an .xpr
project file.
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IP Wizard — LED IP peripheral (I.)

* Tools - Create and Package New IP... > Next

¢ Create and Package Mew P X

Create and Package New IP

[
VlVADO This wizard can be used to accomplish following tasks:

HLx Editions

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 AXl4
peripheral which includes HOL, driver, software test application, IP
Integrator VIP simulation and debug demonstration design.

‘: XI LINX Click Mext to continue
1

/
p.
|m

¢ Create and Package New IP X

Peripheral Details

Specify name, version and description for the new peripheral '
Name: l led_ip E 3 )
Version: 1.0

Display namej led_ip_v1.0
Description: | My new AXI LED IP ( 4
IP location: lC:/Vivado_ZDZD_ZIIP_Rep0| :

/_""\

&2 simulation and debug demonstration design.

¢ Create and Package Mew P d

Create Peripheral, Package IP or Package a Block Design

Please select one of the following tasks. '

Packaging Options

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

Create AX|4 Peripheral

@ Create a new AXl4 peripheral
) _Create an AX|4 IP, driver, software test application, IP Integrator AXI4 VP

AXI interfész Little-Endian, hagyomanyos formatumot

( definél

New IP name:, ot * |P neve: csak
Version: 1.00.a (default) kisbets legyen!

Description: as you want

11




IP Wizard — LED IP peripheral (ll.)

’

Create and Package Mew [P

Add Interfaces
Add AXI4 interfaces supported by your peripheral

D Enable Interrupt Support

L4
::

led_ip_w1.0

4+ =

Interfaces
I s_sxi

—

L

Interface Type

Mame

Interface Mode

1 Data Width (Bits)

Memory Size (Bytes)

S5_axl
Lite w
Slave b
32 w
[4.512]

Mumber of Registers |4

==
A

Cancel

Interrupt not enabled

« BBAil(and not S00_AXI 1)
«  Lite (AXI Lite if)

. Slave mode

HDL:

«  DATA_WIDTH
«  MEMORY_SIZE
«  NUM_REG

</

S

¢ Create and Package New IP b4

Create Peripheral

VIVADO'!

Ly Editions % g
R b Peripheral Generation Summary

1. IP (xilinx.com:userled_ip:1.0) with 1 interface(s)

2. Driverfv1_00_a} and testapp more info

3. AXI4 VIP Simulation demonstration design mare info

4. 414 Debug Hardware Simulation demonstration design more info

Peripheral created will be available in the catalog :
E/BER_2019_Vivado2018.3/IP_Repository

Mext Steps:
Add IP to the repository

® Edgitip = Editin IP PaCkager..

\erify Peripheral IP using AXl4 VIP

[ Verify peripheral IP using JTAG interface

Click Finish to continue

& XILINX. 4

o
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Project Manager - Package IP template

Open the top-level HDL :
led ip vl 0.vhd
a

‘New menu option: Edit Packaged IP

¢ edit_led_ip_v1_0 - [c:/vivado_20P0_8/ip_repo/edit_led_ip_v1_0.xpr] - Vivado 2020.2 l = [m] X
Eile Edit Flow Tools Reports Window Layout View Help Q- Quick Access Ready
= B X > W o X ¥ = Default Layout v

Flow Navigator c3 A PROJECT MANAGER - edit_led_ip_v1_0 ? X

A
v PROJECT MANAGER
Sources ?2 OB X I Project Summary x | IP Catalog x | led_ip_v1_0_S_AXl.vhd x | led_ip_v1_0.vhd *  Package IP - led_ip X m
£+ Settings
Qa = ¢ + o 2 (
Add Sources 'ackaging Steps 3 dentification
Design Sources (2 ‘ < )
Language Templates - : kel i d it vhd £
v @ & led_ip_v1_0(arch_imp) (led_ip_v1_0.vhd) (1 < Identification Vendor: silinccom
TF IP Catalog @ led_ip_v1_0_S_AXl_inst: led_ip_v1_0_S_AXl(arch_imp) (led.
) .\ . N v Compatibili Library: user
Edit Packaged IP ( 1 IP-XACT (1 v
component.xml < File Groups Name: led_ip
> Constraints -
v IP INTEGRATOR Version: 1.0
> Simulation Sources (1 2 Customization Parameters
Create Block Design N Utilitv Sources - Display name: led_ip_v1.0
> 2 Ports and Interfaces
Open Block Design HhC """ O """"""""""""""" Description: My new AXI LED IP
ierarchy  Libraries ompile Order .
Generate Block Design " Addressing and]Nlemory Vendor display name:
Source File Properties ?2 0B X 2 Customization GUI Company url:
Vv SIMULATION :
componentxml - o < Review and Package Root directory: c:/vivado_2020_2/IP_Repo/led_ip_1.0
Run Simulation 7Y Xml file name: c:/vivado_2020_2/IP_Repo/led_ip_1.0/component.xml
Hierarchy (design sources): A/ lock
Y g :
. . top-level S _AXI
« led_ip_vl_0.vhd (top-level wrapper =, interface
logic” template) I
. .
— led_ip_v1l_0_S_AXI.vhd (user-logic =,R/W ~ o
M 124
- M_AXI
register template”) Master Lite | M-
BFM Reset

13




Generated components of IP peripheral

XPR: the generated IP peripheral can

pbe opened

IP-XACT: component.xml descriptor

HDL source -
— <ip_proj_dir>/ip_repository/ ip_repo/led ip_1.0/hdl
* topentity:led_ip_v1_0.vhd
* userlogic:led _ip vl 0 S AXl.vhd
BD — Block Diagram -
— <ip_proj_dir>/ip_repository / ip_repo/led ip 1.0/ bd
*  bd.tcl

XGUI
— <ip_proj_dir>/ip_repository / ip_repo/ led_ip_1.0/ xgui
Example design
— <ip_proj_dir>/ip_repository / ip_repo/ led_ip_1.0/ example designs
* /Bfm_design : Bus Functional Simulation sources
* debug_hw_design:

Driver
—  <ip_proj_dir>/ip_repository / ip_repo/led_ip 1.0/ drivers / led _ip_v1_0/src
*  makefile : Makefile
* header:led_ip.h
* source: led_ip.c
* selftest: led_ip_selftest.c

Driver interface

—  <ip_proj_dir>/ip_repository / ip_repo/ led_ip_1.0/ drivers / led_ip_v1_0/ data
* mdd:led_ip.mdd
* tcl:led_ip_v2_1 0O.tcl

as a separate Vivado project (edit_led_ip_v1_0.xpr)

b

led ip v1 0

FW sources

SW source,
drivers

14



Generate IP peripheral — IP Catalog

X

IP Catalog

Q = £ |F¥ -

4

Project Summary

Cores | Interfaces

Search: O |

Name

x led_ip_v1_0_S_AXl.vhd

A1 AXI4

X | led_ip_v1_0.vhd

Status

User Repository (c:/vivado_2020_2/1P
AXI Peripheral

¥ led_ip_v1.0

_Repo/led_ip_1.0

AXI4

x | Package IP

License

Pre-Production Included

'« Check! Has your own LED [P
peripheral been created in your
project?

xilinx.com:use

NOTE: IP-XACT is a standard xml-based descriptor (component.xml) that contains definitions, macros,
descriptors of custom, reusable, pluggable IPs that can be integrated into an electronic circuit system - in our

case an embedded system.

e LED IP

structure

file/directory

Project Summary

Packaging Steps

»  Package P - led_ip *

led_ip_v1_0O.vhd » | IP Catalog *

ﬁ Groups \

«  ldentification Q| = S|+ C
< Compatibility Name rldg:r?g L
e VHUL SyNnests |-
-/ File Groups @ hdlled ip v1 0 S AXlvhd vhdlSource
@ hdiled_ip_v1_0vhd vhdlSource
</ Customization Parameters » WYHOL Simulation (2
w Software Driver (5
+/ Ports and Interfaces [2 driversfled_ip_v1_0/datafled_ip.mdd mdd driver...
. driversfled_ip_v1_0O/datafed_ip.tcl tclSource ..
~ Addressing and Memory 1 driversfled_ip w1 OfsrciMakefile driver_src
" @ driversiled_ip_v1_0Oisrciled_ip h I] cSource d...
v Customizafion GUI {21 driversfled_ip_v1_Ofsrofled ip.c cSource d...
e [Z1 driversifled_ip_v1_0/srciled_ip_selftestc cSource d..
o UI Layout (1

L xguifled_ip_w1_0.tcl tclSource
Block Diagram (1) /
. bd/bd.tcl tclSource

15



Modify peripheral template I. - HDLs

Open the ,top-level”
* Add the following lines to the file: Finally (CTRL+S or Save) |yl
Sentity led_ip vl 0 is
0 generic g z
7 -- Users to add parameters hers -lnteger type generlC constant _4
g ED_WIDTA + integer = 4] 'y (LED bit width )
13 € o O | :
1E -— Ugsers to add ports hkers -extend entity’s PORT list
(| 1 LED : out std_lngic_vectur{LED_HIMHH downto 0); @ Out direction, 4-bit, Little Endian
22 B e o - - std_logic_vector type, name: LED
o1 -- component declaration
52 t led ip vl 0 S BAXT i . "
- [ X BANIIRE: add an integer type generic
(52 LED_WIDTH Tieer =] )\ 3) constant to a component (user logic)
55 C 5 AXI DATA WIDIH : integer := 32;
56 C_5 A¥XT ADDE WIDTH : integer = 4
58 port 4 -: add a LED port to a component
258 LED : out std logic wector (LED WIDTH-1 downto 0):|| (User |0g|C)
&0 S5_AXI_ACLE : in std logic;
87 led_ip_vl_0_S_AXI_inst : led_ip vl 0_S AXI
g i { " ’
(Ces Leo swoom > 1e0 v ) (5) BOMIIRE: map LED_WIDTH generic to a user_logic
aQ C 5 BXI DATA WIDTH => C 5 AXI DATA WIDTH,
al C 5 AXI ADDR WIDTH => C 5 AXI ADDR WIDTH
92 "
o3 fmt nap ‘ - map LED port to user_logic
(] o2 LED =» LED, | (6
FE 5 RNI _ACLE => 3_axi aclk, U 16




Modify peripheral template Il. - HDLs

+ Open,sub-level” EINDININONSIIGEIVRGN (in the ,user-logic’)

 Add the following lines to the file: :

Sentity led ip w1 0 5 B¥T is
6 generic ( ‘ % .
7 -- Dsers to add parameters here -: |nteger type generic constant—4
(B B (5 e D e .y, (bit widh of the LED)
17 port | - )
18 - Users to add ports hers -: Expansion of entity’s PORT
(| 1 LED : out std logic vector (LED WIDTHl1 downto 0); @ Out direction, 4-bit, Little Endian
2 == sz pek s Eada std_logic_vector type, name: LED
21 -— Do pot modify the ports beyvond this lans
380
381 -- Add user logic here , -Z own VHDL code soure here :
( 3§2| LED <= slv_regO (LED WIDTH-1 downto 0): @ mapping slv _reg0 lower 4 bits
2:2 TR e mEe to the LED (Little endian AXI Lite)!
385end arch imp;

Finally (CTRL+S or Save) |gd

17



Synthesis — Package IP

* Flow Navigator menu - Run Synthesis (*Save before!)

— Open Synthesized IP peripheral design, OK | » Run Synthesis

— Warning messages are allowed (the design can be
implemented),

— (Here you can simulate the behaviour of your IP periphery).

U

Project Manager - Edit Package IP: Edit Packaged IP

e Open led ip

18



Package IP — Customization Parameters

Package ¥ | Device » Package IP - led_ip » led_ip_v1_0_5_AXlvhd ¥ | Schematic ¥ | Project Summary b

Packaging Steps Customization Parameters

0 IMerge changes from Customization Parameters Wizard @)

Q = & a4 + C

< |dentification

<  Compatibility

Mame Crescription Display Mame Walue
«/  File Groups
w Customization Parameters
1 & (Customization Parameters C_S_AXI_DATA_WIDTH Width of S_AXI data bus C 35 AXI DATAWIDTH 32
C_5 AXI_ADDR_WIDTH  Width of 5_AXl address bus  C 3 AXIADDRWIDTH 4
¢ Ports and Interfaces C_5_AXl_BASEADDR C 5 AXI BASEADDR 0xFFFFFFFF
C_S5_AXl_HIGHADDR C 5 AXI HIGHADDR 000000000

< Addressing and Memory

s Customization GUI

O

s Review and Package

Mame Description Display Mame Walue

e Customization Parameters
C_S_AXI_DATA_WIDTH Width of 5_AXI data bus 3 AXI DATAWIDTH 32
C_S_AXI_ADDR_WIDTH  Width of S_AXI address bus CSAXIADDRWIDTH 4

C_S_AX|_BASEADDR C 5 AX| BASEADDR 0xFFFFFFFF q hidden
C S AX_HIGHADDR C 5 AX| HIGHADDR 0x00000000 s
e Hidden Parameters parameter IS VisiDie:
] d Width 4 LED_WIDTH parameter

‘ LED_WIDTH Edit Parameter... i
. (generic)

Add Parameter...

Remove Parameter

Import IP Parameters... w

| (™ Refresh Table
£ - i 19




Package IP — Customization GUI

Package » | Device » Package IP - led_ip » led ip v1. 0 § AXlLvhd ¥ | Schematfic » | Project Summary b4
Packaging Steps Customization GUI
«  ldentification Layout Preview
i ks : : >
~/ Compatibility Q| = | & '+,. (] show disabled ports Component Name |led_ip_0
_ ] Window
+/ File Groups * Component Name C S AXI BASEADDR OxFFFFFFFF
v 1] Page 0
«  Customization Parameters “ gAY BASEADDR C 3 AKX HIGHADDR  0x00000000
28 AKX HIGHADDR @)
«' Pors and Interfaces s Led Width

. C 5 Axi Data Width S s
« Addressing and Memaory Y0 Axi Addr Width =_axi_aclk LED[3:0] jm J\
— ] Hidden Parameters FeArlameagn
</ Customizatoncul (] ) J <
Led Width 4

# Review and Package

4 C S Axi Data Width |32

v

LED output port is now visible,
@ and LED_WIDTH parameter
(generic) value is also visible.

Finally: Click on ,Review and Package”

20




Package IP — Review and Package

Package X | Device x| led_ip_v1_0_S_AXl.vhd x| led_ip_v1_0.vhd % Package IP - led_ip

Packaging Steps Review and Package

777777777777777777777777 Remember where the------—--- -
' Ientiieaton —— "led_ip" project was generated

v Compatibility Display name: led_ip_v1.0
) Description: My new AXI LED IP
«  File Groups ) \
Q) Root directory: c;/vivado_2020_2/IP_Repo/led_ip_1.0 <
~/ Customization Parameters
After Packaging | f—

W POFtS and Interfaces bseﬂings related to IP Packager. '

An archive will not be generated. Use the settings link below to change your preference |~ g
~  Addressing and Memory IP will be made available in the catalog using the repository - s

e following values will be automatically applied after finishing
c:/vivado_2020_2/1P_Repo/led_ip_1.0 e IF Packager Wizard,

' Customization GUI

Edit packaging settings ( 3 ’ e
. —_— rary: user
Review and Package ( 1 }

Re-Package 1P tegory:  |/UserlP

location: |./fip_repo

e File Automatic Behavior

Talk After Packaging

Help ( 4 .
Text Editor U Create archive of IP

w

3rd Party Simulators Add IP to the IP Catalog of the current project
Colors
Selection Rules
Shortcuts
Strategies

» Window Behavior Edit IP in IP Packager

w

Close IP Packager window

Include Source project archive

L

E‘] Delete project after packaging

5 " ) O K " File Extensions to Filter on Add Directory
Fi n al |y RE—PEEHEQ a | F|' YE S Create a list of file extensions that will be automatically filtered when

adding a directory to a File Group.

(IP project will automatically close) ¥i= !

2 @ OK | | Cancel | | Apply | |Bes@e1. |

v)




Return to LABO03

* Open project — Choose, LAB0O3”

v PROJECT MANAGER

— Project Manager — Settings B setings
— Select IP - + — Add IP path

¢ Settings X

Q
IP = Repository
Project Settings Add directories to the list of repositories. You may then add additional IP to a selected ‘

General repository. If an IP is disabled then a tool-tip will alert you to the reason.

Simulation

— Q6L Browse for IP repository,
| e and add + ,IP_repo” to
Q) —— your project

Tool Settings Refresh All

Project - r

Implementation
[ cvivado_2020_2/IP_Repo (Praject) ]

IP Defaults

v

XHub Store
Source File
Display
WebTalk
Help

Text Editor

v

3rd Party Simulators

v

Colors
Selection Rules
Shortcuts

> Strategies

> Window Behavior

N
|\3) l Cancel I [ Apply I [ Restore... l

22




Adding and connecting PL side

LED IP to the base system |.

New IP core can be added in Vivado (two options):
a.) Block Diagram View — Add IP
b.) Open IP Catalog -> Select IP — Double-click — Add IP to Block Design

Add your own LED_IP peripheral on the PL side to the BSB

et Snmima ry

‘Change to
IP Catalog view

Cores | Interfaces

Q = & #

Search: - led (1 match)

Mame A1 AXl4  Status  License VLNV @)
e User Repository (e/BER_2019_Vivado2018.3/P_Repository)
hd Ax] Peripheral
F led_ip_ v1.0 Axl4 re-.. Included  xilin...

Details

Add IP (double click, or )

Yersion: 1.0 (Rev. 2)
Interfaces: AXl4
Description: Sajat AX1 LED P Periferia

,@) Status: Fre-Production
¢ AddIP *

License: Included

Wendor: Xilinx, Inc.

Would you |jke to add led_ip_v1.0" IP to your block design, or customize it and add
itas an RTL module to your project?

Select

WLMY: giling.comiuserled _ip:1.0
LED_'P Repository: edBER_2019 Vivado2018.3/P_Repository \4) Add IP to Block Design

Cancel




Adding and connecting PL side

LED IP to the base system |I.

Now, for your own IP module (LED IP) you need to
configure the following in Vivado (can be manual /
automatic!):

— a.) interface connection between IP module and bus
system (AXI),

— b.) assignment of the IP module to an address range (Base-
High Addresses),

— ¢.) assigning 1/0 ports of IP modules to external ports,

— d.) finally, assigning external ports to physical FPGA pins
(.XDC editing) - 10 planning.

24



Block diagram

Double-click on led_ip_0 and examine its parameters.

Diagram % AddressEditor x| IPCatalog % OB
a a|¥ B 6/Q s | E | &C g o o

# Designer Assistance available. Run Connection Automation

dip
4+ s Ax
ps7_0_axi_periph | o GPIO +|||===2> dip_pin
ih s _axi aresetn
pee | - SO0_AXI
) rst_ps7_0_100M i ATl T
ARESETN
slowest sync _clk mb_reset S AL — . pb
ﬂ ext_reset_in bus_struct_reset[0:0] | - SOO_ARESETN .E. MOO_AXI 4 -— o
aux_reset_in peripheral_reset[0:0] MOO_ACE_K .l. MO1_AXI 4 [i: =+ S_AX
=— mb_debug_sys rst interconnect_aresetn[0:0] - s axi_aclk GPIO 4 ”—D pb_pin

= dem_locked peripheral_aresetn[0:0] ;_ :ET_iESEETN s axi_aresetn

Processor System Reset MOT_KRECETH AXl GPIO

processing_system7_0 AXIl Interconnect
DDR + ||| [ DDR
FIXED_IO + || [ FIXED_IO
M_AX|_GPO_ACLK ZYNO‘ M_AXI_GPO - }i led ip 0
FCLK_CLKO
FCLK_RESETO_N }H “4 s _AXI
s axi_aclk LED[3:0]
ZYNQ7 Processing System s axi aresetn
= -
led_ip_v1.0 (Pre-Production) LED IP controler

25



Parameterising of LED IP

¢ Re-customize P *
led_ip_v1.0 (1.0) ¢
0 Documentation IP Location
Check
() show disabled ports Component MName led_ip_0 LED WIDTH: _4

C S AXIBASEADDR  OxFFFFFFFF o (ZYbO has 4 LEDS)

C 5 AXI HIGHADDR |0x00000000 i ] /

s o0 Other address values
et — L remain default.
Led Width I4
C 5 Axi Data Width 32
C 5 Axi Addr Width 4

OK Cancel

26



Connect LED IP

Diagram * Address Editor » | IP Catalog *

@ e | X ©&/Q s |+ @ A C|lag| T

F Designer Assistance available. [Run Connection Automation ]@)

Diagram -> run connection
Automation

dip
— S s ax
ps7_0._axi_ periph s_axi_ack GPIO + |||=—=>> dip_pin
s 5_ax|_aresetn
=4 so0_axi
rst_ps7_0_100M ik e
g AXI GPIO
ARESETN
slowest_sync_clk mb_reset S8 AGI - - pb
ﬂ ext_reset_in bus_struct_reset[0:0] SOO_ARESETN - - MOO_AXI 4 I
aux_reset_in peripheral_reset[0:0] 00 AGLK aXg MOLAX + Z+ s Axi
= mb_debug_sys rst interconnect_aresetn[0:0] MOO_ARESETN s axi_aclk GPIO 4+ ”—D pb_pin
= dem_locked peripheral_aresetn[0:0] Mﬂt_ACLK b—(Is_axi_aresatn
Processor System Reset W01 AREGETN AXl GPIO
processing system? 0 AXI Interconnect
DDR + || [ DDR
- FIXED_I0 +|| [ FIXED_IO
M_AXI GPO_ACLK ZYNQ M_AXI_GPO - |i led_ip_0
FCLK_CLKO
FCLK_RESETO_N 24 s A
s axi aclk LED[3:0]
ZYNQ7 Processing System s_axi_aresetn
led ip_v1.0 (Pre-Production)
LED IP Q = = Description
_ Connect Slave interface (/led_ip_0/5_AXl)to a selected Master address space.
select S_AXI optons
interface for ~
- Master 8 . em7_0IM_AXI_GP
automatic -
1 — b
routing ¢ ’
@ 3) 27




Completed block design

Diagram x Address Editor x | |P Catalog * = = i}
| B | 900K = [ « » c « o pEXamine blocks and connections
dip
ps7_0_axi_periph i
- w4 5 AXI
p—ii 4 S00_AXI s_axi_aclk GPIO + ||f=={> dip_pin
ACLK 5_axi_aresetn
ARESETN
S00_ACLK AXl GPIO
= S00_ARESETN l?l MOD_AXI = |} led_ip_0
M0OO_ACLK EE MO1_AX 4|
& MOO_ARESETN E<“E M02_AXI + i 4 S AXI
rst_ps7_0_100M M0O1_ACLK s axi aclk LED[30] m= 9
[ B L MO1_ARESETN -—c{ s axi_aresetn H
slowest_sync_clk mb_reset MO2_ACLK .
——@ ext_reset _in bus_struct_reset[0:0] & M02_ARESETN led_ip_v1.0 (Pre-Production)
Q aux reset in peripheral_reset[0:0] pb
— mb_debug_sys _rst interconnect_aresetn[0:0] AXI Interconnect &
— dem _locked peripheral_aresetn[0:0] ) 4 S AXI
L ) s_axi_ack GPIO =+ ||j===="> pb_pin
Processor System Reset 5_axi_aresetn
processing_system7_0 i
2\ AXI GPIO
DoR + ||} [ DDR
- FIXED_IO + ||} [ FIXED_IO
M_AXIGPO_ACLK  7YN|() M_AXI_GPO o | e
’ FCLK_CLKO )
FCLK_RESETO N ©—— Main components:
- ZYNQ7 Frocessing System * Processing_system7: (PS ARM system)
* Processing_system7_axi_periph: AXI interface

* Rst_processing_system7: PS/PL reset generator
» dip: AXI GPIO - DIP switches (PL side)

« pb: AXI GPIO - PB push buttons (PL side)

* led_ip_0: own LED_IP peripheral (PL side) 8




LED IP - configure memory address

* Block Design — Select ,,Address Editor”

e Assign the unmapped IP peripheral into the memory address:
— a.) automatically — address generation vs. b.) manually (now)

Diagram :-:I Address Editor :-(\]_)Catalng ¥

Q - F
— —
F -

1 0x4000 0000
(Note: GPO
port was set) !

a.) Automatic address
generation

Cell Slave Interface  Base N Offset Address  Range High Address . )
B : T ighteclacke=
w 9 processing_system7_0 :
B8 e Auto Assign
Data (32 address bits : 0x40000000[1G 1) Address)
=0 dip a_AX Reg Oxd120_0000 B4k + (x4120_FFFF
oo ph = A Eeqg Oxd121 0000 Gk > 0Ox412]1 FFFF
== led_ip_0 S_AXI S_AXI_reg 0x4122 0000 64K ~ 0x4122 FFFF

2

b.) Base address manual set*

Led ip: 0x4122 0000
(64K)

*Address ranges must be aligned into 2”n size
and cannet be overlapped! 29



LED IP — Assign external ports

led ip 0 must be connected to the FPGA pins on the ZyBo card:
1.) The data ports of the LED_IP instance must be connected to the external physical FPGA pins,

2.) If necessary, define the names of the external ports (e.g. led_pin), then
3.) In the <system>.XDC file, the pin of the FPGA must be specified.

Right Click -> Make

Ctrl+E

eXteI'naI o (CTRL+T) Frface Properties...
¥ Highlight 3
X Delete
Q_) [ Copy Ctrl+ C
K] Ctrl+Y
- n 9, Search... Ctrl+F
W E  Select Al Ctrl+ A
S_ax 1) # AddIP... Ctrl+I
o [| ™ Make External Cirl+T
‘,- [@ Run Connection Automation...
L s—_ & 1P Settings...
¥ Walidate Design F&
Start Connection Mode Ctrl+H
Make Connection...
Expand/Collapse 3

N

led_ip_0
: @
- -+ S_AXI
s axi_ack LED[3:0] —&) led J)in[3:0]]

External port name:
led pin

right click —
External interface
properties (CTRL+E)

s_axi_aresetn

led ip v1.0 (Pre-Production)
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Block Design — Layout synthesis

e Refresh the Block Design:

— Regenerate Layout C
— Validate Design (DRC) [¥

— Flow Navigator — Run Synthesis » Run Synthesis
* Then - Open Synthesized Design , OK

* Final step, assign led_pin<3:0> to FPGA IO pins!

— Layout menu -> |0 planning layout view = DefaullLajou

== Default Layout

‘== /2 Planning

== Floorplanning

= Debug

= Timing Analysis
Save As Mew Layout...
Reset Layout 31




|0 planning — pin assighments

We use now |/O planning (GUI) for pin assighments!
Site 1O Std OCT

=% led_pin {4) S]] Ll detadit (LVCMOS 18) - 1.800 12 - SLOW - MUNE ~ FP_VTT_50 -

| i 140 led_pin[3] ouT - O default (LVCMOS18) - 1.800 12 - SLOwW ~ NONE - FP_VTT_S0 -
i 140 led_pin[2] ouT ? ~ [ default (LVEMOS18) - 1.800 12 - SLOW + NONE = FP_VTT_S0 -
{140 led_pin[1] ouT . - [ default (LVCMOS18) ® = 1.800 12 - SLOW ~ MONE ~ FPVTT_50 o -
i {0 led_pin[0] ouT - O default (LVCMOS18) - 1,300 12 - SLOW ~ NOME - FP_VTT_50 -
[ Sealar parts (0)

/5 Td Console | ) Messages | G Log | [2) Reports | J» Desion Runs | 5 Package Pins~ [ IO Ports

Anode(s)  Gathode(. proper pins assignments based on Zybo master.xdc:

o s + Package Pin:
330 LD3 — led_pin[0]: M14
LED2 R& ﬁ = Ied_pin[1]: M15
330 b2 — led_pin[2]: G14
R77 » .
LED1 3,;? I‘L:"j'l - Ied_p|n[3]: D18
. S - |0OSTANDARD: LVCMOS33
330 (Do Cathodes

« OffChipTermination (OCT): NONE
l/0 Std

(1) Package Pin
ouT

YCMOS33* N 3.300 v SLOW ~ NONE
35/LVCMOS 33* mw

< led_pin[1]

35|LVCMOS33* - 3 300  SLOW ~ NOME =
i < led_pin[d] I5|LVCMOS33= - 3.300 12 - SLOW ~ NOME -
. < led_pin[3] 35|LVCMOS33*= - 3.300 12  SLOwW - NOME -
B+ pb_pin_tri_j (4) 34\VCMOs33* ~ 3300 NONE -

- Scalar ports (14)

I Td Console | ) Messages | & Log | (2 Reports | 3 Design Runs | &2 Package Pinsf. CF IfO Ports

File — Save Constraints or CTRL+S. Then, save the XDC file as: ,1ab03.xdc”
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Implementation and Bitstream

jeneration

 Flow Navigator menu - Run Implementation

» Run Implementation

— It can filter out possible wrong assignments / errors,

— Warning messages are allowed (the design can be
implemented),

— Some floating wires are also allowed (e.g. Peripheral Reset,
etc.).

— While Vivado is working you can check out the
synthesis/implementation reports!

Finally, run the Bitstream generation:
* Flow Navigator - Generate Bitstream

I Generate Bitstream

33



Implementation reports

* Question-1.) how many resources are occupied on PL?

* Solution: Reports — Report Utilization (or Project
Summary Z )

T e e oo e +
| Site Type | Used | Fixed | Available | Util% |
fmmmmmmmmmmmemeeemmemee—eaa-- $mmmmn- TR fmmmmmmmeaa- TR +
| Slice LUTs | 673 | 0 | 17600 | 3.82 |
| LUT as Logic | 611 | 0 | 17600 | 3.47 |
| LUT as Memory | 62 | 0 | 6000 | 1.03 |
| LUT as Shift Register | 62 | 0 | | |
| Slice Registers | 994 | 0 | 35200 | 2.82 |
| Register as Flip Flop | 994 | 0 | 35200 | 2.82 |
fmmmmmmmmmmmemeeemmemee—eaa-- $mmmmn- TR fmmmmmmmeaa- TR +
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VIVADO Export HW = VITIS (~SDK)

* File - Export - Export Hardware...

¢ Export Hardware Platform X

Export Hardware Platform

VIVADO'

HLx Editions This wizard will guide you through the export of a hardware platform for use in the Vitis or
Petalinux software tools.

To export a hardware platform, you will need to provide a name and location for the exported file
and specify the platform properies.

Platform type

Q@ e

A platform supporting embedded software development only.

i: XILINX, :::::: E}{pﬁz:r:?nﬁlzuppmﬂng acceleration.

Cancel
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VIVADO Export HW - VITIS (cont.)

Select ,,Include bitstream” option as output:

#  Export Hardware Platform
Output

Setthe platform properties to inform downstream tools of the intend2d use of the target platform’s hardware design. '

() Pre-synthesis
This platform includes a hardware specification for gownstream software tools.

Include bitstream
gl This platform includes the complete hardware implementation. and. bitstream. in-addition to the hardware specification for. ...

software tools. )

36



Export HW - VITIS (cont.)

Set XSA* file name and export directory path:

¢ Export Hardware Platform b s

Files

Enter the name of your hardware platform file, and the directory where the XSA file will be ‘
stored.

HSA file name: system_wrapper

Export to: C:/vivado_2020_2/1ab03 B

& &

The XSA will be written to: Chvivado_2020_2\lab03\system_wrapper.xsa

3

t Einish ‘ ‘ Cancel ‘

¢ Export Hardware Platform ht

Exporting hardware platform...

*Xilinx® Support Archive: new hw descriptor format since VITIS 2020.x (see the next slide) 37
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VITIS — General steps of application

development

.\/

2. Creating a new application or an application generated from
a C/C ++ template (e.g. MyLEDApp as system monitor test):

Importing . XSA

b. Generating and compiling an application project containing a
platform and a domain inside (*BSP: Board Support Package),

c. Generating a Linker Script (specifying memory sections, . LD),

d. Writing / generating and compiling the SW application
3. Creating a ‘Debug Configuration’ for hardware debugging

4. Connecting and setup a JTAG-USB programmer,
—  Configuring the FPGA (.BIT hence PL-side was set)

5. Setup a Serial terminal/Console (USB-serial port),

6. Debug (insert breakpoints, stepping, run, etc.)
39



~

Xilinx Vitis 2020.1

From Vivado: Tools menu — Launch VITIS IDE
OR externally

Start menu — Programs — Xilinx Design Tools — Xilinx VITIS 2020.2 ]

* Set workspace directory properly (1ab03):

— Recommended touse vitis workspace asa
subdirectory in your lab folder. Launch it...

+ Vitis IDE Launcher ped

Select a directory as workspace

Vitis IDE uses the workspace directory to store its preferences and development artifacts.

U — y
Workspace: L.:\vwadD_ZDZD_Z\.IabD:‘;‘.\workspace e Browse...

[ ] Use this as the default and do not ask again

» Restore other Workspace

» Recent Workspaces ( 2 ?

n Launch Cancel

40




Xilinx VITIS — Create Application

Recall the steps of the former LABO1/LABO2 ...

1. Create a new application project
— File - New - Application Project...
2. Platform — Create a new platform from HW (XSA)

— Browse... for LABO3 system_wrapper.xsa. Open it.
— I Do not select the ,,Generate boot components”

3. Application project details
— Type ,MyLEDApp” as project name
— Type ,MyLEDApp_system” as system project name
— Select ps7_cortexa9_0 as target ARM core O

4. Domain: leave settings as default (standalone)

41



Example |.) Creating MyLEDApp as

empty application

Y o) New Application Project

Templates

Select a template to create your project.

Available Templates:
Find: i [—=]

w SW development templates

L

Dhrystone

Empty Application
Empty Application (C++)

Hello World

lwlP Echo Server

lwlP TCP Perf Client

lwlP TCP Perf Server

lwiP UDP Perf Client

lwlIP UDP Perf Server

Mernory Tests

OpenAMP echo-test

OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Peripheral Tests

R5A Authentication App

Zyng DRAM tests

Zyng FSBL

Hello World
Let's say 'Hello World' in C,

1.

2.

< Back Mext =

|

Select ,,Empty Application”.

FINISH.
It will takes ~1min time ©

™r

2

Cancel
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VITIS GUI — Main window (

wJ workspace - system_wrapper/platform.spr - Vitis IDE
File Edit Search Xilinx Project Window Help
B-~HG ®-R~i%-0~g- OFgMCCr~

i a X

Q[ Design 4 Debug
o Explorer %W Bl i =0 |la MyLEDApp_system % MyLEDApp |d system_wrapper & = B ||B= Outline 2 ‘ =)
v [ MyLEDApp_system [ systermn_wrapper |

Hardware Platform Specification There is no active editor that provides an
w {5} MyLEDApp [ standalone_ps7_cortexa8_0 ] P outline.
i 'EI'L Inddes Design Information
B =
e Target FPGA Device: 7z010
% MyLEDApp.prj Part: xc7z010clg400-1
A MyLEDApp_system.sprj Created With: Vivado 2020.2
w system_wrapper Created On: Tue Apr 16 23:05:29 2024
5 = export
3 = hw Note: To view ip parameters, double-click on the cell containing ip name in any of the below tables,
> & logs
s (= ps7_cortexad 0 Address Map for processor ps7_cortexa%[0-1]
= resources . | = | 30 Loaded - 30 Shown - 1 Selected - [Custom: -- Table Default -- ]
R Fitter. ___ Ew Search: [ _ ShERee
E platform.tcl Cell Base Address High Address Slave Interface Addr Range Type
) H Fa oy Kl Talalalalal Nat )|1'!W O ANT] L
I led_ip_0 0x41220000 Ox4122fFff S_AXI register
3] aTZio000 rz S PAiiid WY Teqister 2
- = ps/_afi_0 0xf8008000 0xf8008fff = register
«l Assistant 83] EE#RO0O% § -0 ps7_afi_1 0xf8009000 0x7B000FF B register '
= T — ps7_afi 2 0xf800a000 0x7800aFf ; register LEd_I P_O: address ma pa nd
w {5} MyLEDApp [Application] ps7_afi_3 0xf800b000 0xf800DffF E register s . .
- T T T specification of your custom IP
% Release ps/_ddr 0 0x00100000 Ox TFFFFF - memory CO re
< Debug ps7_ddrc 0 0xf8006000 Oxf8006fff - register
& Release ps7_dev_cfg 0 0xf8007000 0xf80070ff - register —

system_wrapper [Platform] [ ‘
Main Hardware Specification

B Console E@WL"_-‘ Problems [E] Vitis Log (D) Guidance O 4G ERE=EMB~v=n0
Build Console [MyLEDApp, Debug]
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VITIS — Add Driver Repository

Xilinx menu — SW Repositories Note:
 Preferences o X New — global location where you
type filter text ‘ Add, remove or change the order of software repositories. Py v g CreatEd your IP Wlth the previOUS
v X“ig((ample P Local Repositories (available to the current workspace) | LED_IP Package manager (add the
cudane Svarle IS PN Bepoiled New ._2) directory level where your drivers
ibrary Repositories —
Projercyt Pr:ferences / el ‘ are |OC3tEd
l Software Repositories'@) Up <dir>\1ed ip 1 . 0).
Toolchain Preferences e — —
> Additional =it
Relative
Global Repositories (available across workspaces)
MNew...
Down .\J é W
Installation Repositaries
C:/Xilime/Vitis/2020.2/data/embeddedsw bd
drivers

example_designs

Rescan Repositories
2 ' hdl

Note: Local repository settings take precedence over global repository settings. xgui

Restore Defaults Apply

@ iu i ) perr 44




VITIS — Main window (SW-driver)

workspace - system_wrapper/platform.spr - Vitis =
k /platf Vitis IDE u] x
File Edit Search Xilinék  Project Window Help
i B~/ >~ P-rDFRICCrD~ Q. i[Z Design % Debug
L Explorer 23] B 3 =0l system_wrapper 1| = o |[E outline B ‘ =
~ [&] MyLEDApp_system [ system_wrapper | | type filter text EEE X There is no active editor that provides an
~ {2} MyLEDApp [ standalone ps7 cortexad 0] L Board SUPPO“ Package outline.
» E1 Includes v B system_wrapper (Out-of-date)
» & sIC v {} ps7_cortexa9_0 View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling,
s B ide ~ [ standalone_ps7_cortexa9 0 add/remove libraries, assign drivers to peripherals, change versions of O5/libraries/drivers etc.
% MyLEDApp.prj EI Board Support Package Modify BSP Settings.. Reset BSP Sources

Z MyLEDApp_system.sprj

w Bl syster wispper (Quit-of-date A BSP settings file is generated with the user options selected in the settings dialog. To use exising settings, click the below

link. This operation clears any existing modifications done. All the subsquent changes are applied on top of the loaded

5 &= export settings.
i Load BSP settings from file
» & logs

+ (& ps7_cortexa% 0 Operating System

MName: standalone
«l platform.spr 2
y Version: 7.3
= platform.tcl . 5 h -
=k 1 Standalone is a simple, low-level software layer. It provides access to basic processor features such as

Description: caches, interrupts and exceptions as well as the basic features of a hosted environment, such as standard
input and output, profiling, abort and exit.

Documentation: standalone v7 3

- T - =
«J Assistant ESW EEaKR0% | = Drivers Libraries
v ¥ MyLEDApp_system [System] - -
« {5 MyLEDAPp [Application] Name Driver Documentation; | bmmples: =
< Debug dip %pio - import Examples I
& Release led_ip_0 | led_ip -
< Debug pb gpio ImeScaiiies
< Release ps7_afi. 0 generic ‘B P H
Bl system_wrapper [Platform] ps7_afi_1 generic - - LEd_IP_o' ChECk the dr'ver
ps7_afi_2 generic - - (led ip)
ps7_afi 3 generic = = —
ps7_coresight_comp_0 coresightps_dec Documentation Link - ————
ne? dde N Adrne Norumentatinn |ink

| Maio|Fardwate Spacineation] | If you see "generic"”, then the
& Console 2@]|'_ Problems [ Vitis Log () Guidance Ied_ip is not yet aSSigned to
Build Console [MyLEDApp_system, Debug] .

the correct driver!
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VITIS — Set LED IP driver

* Project Explorer - Right Click MyLEDApp’s -» Board
Support Package Settings

«J Board Support Package Settings b4
Board Support Package Settings ﬂ
Control various settings of your Board Support Package. i
~ Overview
standalone Ditvirs

’ v drivers
Q‘) The table below lists all the components found in your hardware system. You can modify the driver (or

57_cortexad 0 ; : : ; :
PRZS - its version) assigned for each component. If you do not want to assign a driver to a component or
peripheral, please choose ‘none’,

Component Component Type Driver Drriver Version
7 texal [ I cortexa® cpu_cortexa? 2.10

dip axi_gpio gpio 4.7

ed ip 0 ed_Ip led_ip , ' 1.0

pb e gpio \2) 47
From drop down o7 af generic 2.4
list select the s/ afi_ 0s7_af generic 2.1
proper”led_ip” ps/ afi 2 nsi af aeneric 2.1
driver (instead of 3)
generic and none). OK Cancel
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VITIS — SW project

* Project Explorer - double click on
lab3_led_ip.c - Open the Outline - double

clickon xparameters.h
(This important header file can be generated after
BSP compiled, and parameter values derived from

Vivado settings)

* #define XPAR_LED IP 0O DEVICE ID O
This macro defines our ,,LED IP” custom peripheral

* This #define can be used to write to LEDs
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LED IP drivers

e Path:

— <1lab03_project>\system_wrapper\hw\drivers\
led_ip_v1_0\src

* |nvestigate the content of .c,and .h source
files (generated from Vivado tool)!

e Writing to the LED:

#define LED_IP_mWriteReg (BaseAddress, RegOffset, Data) \
Xil_Out32 ( (BaseAddress) + (RegOffset), (u32) (Data))

48



Analyzing LED IP application

* 1.) Read the actual state of dip switches (in an infinte loop)
e 2.) Write the value of dip switches on our LED |IP

#include "xparameters.h"

#include "wgpic. h"
I #include "led_ip.h" |<&

I Led_ip header file ;
|,

—int main (woid){
XGpio dip, push;
int psb _check, dip check;
volatile wnsigned int 1i;

flprintf(™-- start of the Lab®2 Program --\r\n");

il printf("-- Start of the Lab@3 Program --‘r'n");
//int X6pio_Initialize(XGpio *InstancePtr, ulf Deyi
Xapio Initialize(&dip, XPAR DIP DEVICE ID);
{/void Xopioc SetDataDirection(XGpio *InstancePtr, unsigned
Xopio_SetDataDirection{&dip, 1, @xFFFFFFFF);

direction

Inicialization of GPIO l

nnel, u32 DirecticnMask);

¥opic Initialize(&push, XPAR_PB DEVICE _ID);
Xopio_SetDataDirection{&push, 1, @xFFFFFFFF);

Read actual state of DIP

switches and print out.
while(1){
/fu32 XGpic_DiscreteRead(XGpic *InstancePtr, unsigned Channel);

psb_check = XGpio DiscreteRead(&push, 1); . .
il printf({"Push button status: ¥x\r\n", psb_check); Then write this value to the

LEDs.

dip check = XGpio DiscreteRead(&dip, 1);
il printf("DIP switch status: ¥x\r\n", dip check)]

= J*LED _IP mWriteReg(BasefAddress, RegOffset, Data) %
il Out32((BaseAddress) + (RegOffset), (u32)(Data))*/
LED IP mWriteReg(XPAR_LED IP @ S AXI BASEADDR, @, dip check);

— .. T <Vivado project directory>
, or(i =8; 1 < 1060888; i++); //delay \LAB_O3_A_LED_|P\
return 8; dI'iVEI'S\IEd_ip_Vl_OO_a\SrC\led_ip.h 49



Important Remark* - Makefile

*There is a build problem with VITIS 2020.x when creating a custom AXl-lite based IP.

Makefile generation did not work properly (build error).

1. Open system_wrapper\ps7_cortexa9_0\standalone_ps7_cortexa9_0\

bsp\ps7_cortexa9 0\libsrc\led_ip_vl_0O\src\Makefile
2. Modify Makefile

> (= export
COMPILER= > & hw
ARCHIVER= > & logs
CP=cp

COMPILER_FLAGS=
EXTRA_COMPILER_FLAGS=

LIB=1libxil.a v & bsp

v B system_wrapper

v (= ps7_cortexad9_0
v (= standalone_ps7_cortexa9_0

v (= ps7_cortexa9_0

RELEASEDIR=../../../1lib Modify OUTS & code
INCLUDEDIR=../../../include parameter according > & include
INCLUDES=-I./. -I${INCLUDEDIR} o s BB

to this line! el
INCLUDEFILES=*.h v & libsrc

#LIBSOURCES=*.c
LIBSOURCES=$(wildcard *.c)

[-ESTS - $(addsuffix .o, $(basename $(wildcard *.c)))

> (= coresightps_dcc_v1_8
> (& cpu_cortexa9_v2_10
> & ddrps_v1_2

> & devcfg_v3_7

> = dmaps_v2_7

libs:

echo "Compiling led_ip..."

$(COMPILER) $(COMPILER FLAGS) $(EXTRA_COMPILER_FLAGS) $(INCLUDES) $(LIBSOURCES)
$(ARCHIVER) -r ${RELEASEDIR}/${LIB} ${OUTS}

make clean

v

include:
${CP} $(INCLUDEFILES) $(INCLUDEDIR)

clean:
rm -rf ${OUTS}

https://support.xilinx.com/s/question/0D52E00006hpOx5SAE/drivers-and-makefiles-problems-in-vitis-20202

¢

> & generic_v2_1

¥

> & gpio_v4_7

Y @

= led_ip_v1_0
@& src
> g led_ip_selftest.c
> [¢ led_ip.c
> [8 led_ip.h
© Makefile_ )

o

<
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Generate Linker Script & Build

 Generate Linker Script to the internal on-chip PS7
RAMO

— Set the Heap / Stack size to 1KB! &
— Now rebuild the MyLEDApp again “&

Q: What is the size of MyLEDApp.elf binary?

"Invoking: ARM v7 Print Size'
arm-none-eabi-size MyLEDApp.elf |tee "MyLEDApp.elf.size"
text data bss dec hexfilename
23368 1176 8248 32792 8018 MyLEDApp.elf
'Finished building: MyLEDApp.elf.size'
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MyLEDApp — Verification result

« Check debug output on VITIS terminal. What did you experience?

Connected to COMX at 115200

—— Start of the Lab03 LedIP Program —-—
Dip Switches initialized successfully!
Push Buttons initialized successfully!
State of Dip switches 15!

State of Dip switches 0!

State of Dip switches 3!

State of Dip switches 0!

State of Dip switches 3!

State of Dip switches 4!
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LABO3 — Summary

 To the ARM-AXI based system created in the previous (5. —
LABO2_A), here we designed and added a new PL-side custom
LED IP peripheral, which is not part of the Vivado IP Catalog.

* Peripheral were properly configured to the BSB and connected
to the external I/O pins of the FPGA.

 We examined both the Block Diagram and the report files.

 Finally, we verified the completed embedded system
(HW+FW) and the correct operation of a SW application
(MyLEDApp) in VITIS unified environment.
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Task — Calculator test

e Create a Calculator SW application project (CalcTest)

* Modify the previous MyLEDApp SW application to implement
a calculator capable of 4 basic operations.

— Two operands (A,B) will be 2-2 bits, each: A[1:0], B[1:0], which are the
values of the dip switches (dip).

— The following operations can be performed using pushbuttons (pb):

* pb[2:0]
[2:0]
* pb[2:0]
[2:0]
[2:0]

= "OQQ"
"001" :

"OlO"
"Oll"
"100"

: addition,

subtraction,

: multiplication,
: division.

: exit

— Display the results of these operations - with only the integer part of
the division - on MyLED[3:0] (also with xprintf())
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CalcTest — Verification result

« Check debug output on VITIS terminal. What did you experience?

Calculator Program —-

Dip Switches initialized successfully!

Push Buttons initialized successfully!

Note: Addition [+]: PB[2:0]=000
Subtraction [-]: PB[2:0]=001
Multiplication [*]: PB[2:0]=010
Division [/]: PB[2:0]=011
Exit : PB[2:0]1=100

Initial value of result = 0

Partial result after addition 3 + 3 = 6

Partial result after subtraction 3 - 3 = 0

Partial result after multiplication 3 * 3 = 9

Partial result after division 3 / 3 =1

Partial result after addition 2 + 3 = 5

Partial result after subtraction 2 - 3 = -1

Partial result after multiplication 2 * 3 = 6

Partial result after division 2 / 3 = 0

Exiting from Lab3a calculator!

BER lab3a calc vaz
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