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= Create a Block Design with Vivado
= Finish the Design with Vitis
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Create Block Design and Add System Clock
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} Syster Clasl
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16  File  Edit Flow Tools
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Flow Navigator
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LF Settings
Add Sources
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General

Tel consol ¥ IP INTEGRATOR

Q = Create Block Design
o Open Block Design
INFO: |

Generate Block Design

INFO: |
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INFO: [ w SIMULATION
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endgrou Run Simulation

delete_
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baremetal_1 - [fhome/fred/baremetal_1/baremetal_1.xpr] - Vivado 2023.1

= Diagram
ol O + o #*, C Default View
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baremel
Reports  Window  Layout \iew Help
= >, B & T ¥ + of
8 BLOCK DESIGN - baremetal 1 *
Sources Design | Signals | Board 7 i ) |
Q| = | S| )
I8 Basys3 ~
v [ Clocks (0 out of 1 connected
) System Clemle
v = External Board Component Properties...
¥ QSPI| =  Connect Board Component...
v = GPIO (0 d Auto Connect
¥ 4 PusHBOTTONS v
¥ 7 Segment Display - Anodes
¥3 7 Segment Display - Segments o f
¥ 16 LEDs
¥ 16 Switches
~ [ Pmod (0 out of 4 connected v
Board Component Properties b ] i | i
E Cuimbemmn Tl vl

Ready

Default Layout

Connect Board Component

Select one or more pins to connect board component "System

Clock:',

Q - e
il -

Mame WMWY

« Create new IP
v == Clocking Wizard
w| = clock CLE M1
= clock CLE INZ

Miline, com:ip:clie wiz 6.0
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Add MicroBlaze

Diagram Add Sources 200 X
e o 9 Q -+ & # C o Default View v r.
Search:
[OModule Fy
JESDZ204

JESDZ204 PHY

JTAG to AX] Master
LDPC Encoder/Decoder
LMB BRAM Controller

Local Memaory Bus (LMB) 1.0 sys_dock [ , clk_wiz 0
LTE Fast F ier T f

. ast Fourier Transform reset [ raseat elk_out1
Mailbox clk_inl locked
Memory Interface Generator (MIG 7 Series)
MicroBlaze Clocking Wizard

MicroBlaze Debug Module (MDM)
MicroBlaze MCS

MIPI C51-2 Rx Subsystem

MIPI CSI-2 T Subsystem

MIPI D-PHY

MIPI DSI Tx Subsystem w
EMTER to select, ESC to cancel, Ctrl+Q for IP details
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Specify 32KB of Local Memory
Diagram » Address Editor x ?00
Q 2 m o Q + @ # C o |= Default view v o

& Designer Assistance available. Run Block Automation

microblaze_0

lll+ INTERRUPT
lll+ DEBUG ' & pLMB +||
icroBlaze™ wsiji
Reset
Run Block Automation % | sys clock [r— MicroBlaze clk_wiz 0
Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its configuration
options on the right. reset [ » reset clk_outl
clk_inl locked
Q = 2 Description Clocking Wizard
v B All Automation (1 out of 1 selected) MicroBlaze connection automation generates local memory of selected size, and caches can be
)+ microblaze_0 configured, MicroBlaze Debug Module, Peripheral AX| Interconnect, Interrupt Controller, a clock source,

Processor System Reset are added and connected as needed. A preset MicroBlaze configuration can
also be selected.

Information about the options can be found in the tooltips.

Options
Preset None hd
Local Memory 32KB v -
Local Memory ECC None “
Cache Configuration None “
Debug Module Debug Only v
Peripheral AXI Port Enabled w

Interrupt Controller

Clock Connection Jelk_wiz_Ofclk_outl (100 MHz)  w

P



Field-Programmable Gate Array (FPGA) Primer

Continuing
Education Sponsored By

Center = @ conronerion

Add USB UART

SouUrces Design Signals Board ? 00 Diagram x Address Editor x
Q = & m» @ a 2 ® o Q s + & #», C o |= Default View
¥ 7 Segment Display - Segments ~
¥ 16 LEDs Connect Board Component X
¥ 16 Switches _ _
) Select an IP block interface for connecting board component 'USB
w [ Pmod (0 out of 4 connected '
LIART",
¥ Connectaor JA
¥ Connector |B L0 loeal t
¥ Connector JC Q = =
[ Connectorj.}(fl.DC Name VLN
v f= Reset L1 out of 1 connected v 4 AX Uartlite xilink.com:ip:axi_uartlite: ~
» Reset S|gr'|-al BTMC 1 UART
v fa UART (0 out of 1 connected + 4 AXI UART16550 wilirx. com:ip: axi_uartl6s ,
¥ LUSB LIART sys clock [— - [k wiz 0
Board Component Properties... UART
reset w == [OModule ¥ilink, com:ipriomodule: 3. clk_o
Board Compon ,~ Connect Board Component... UART - lock
3 USBE UART Auto Connect . _ . w == MicroBlaze MCS ¥ilink. comip:microblaze_ ting Wiza
UART | —
Description: USE UART - N o .
= ~ == TMR Soft Error Mitigation Interface }{|I|r‘|}{.comnp:tmr_s.em:l.lv
| L4 >

General Properties



Field-Programmable Gate Array (FPGA) Primer
Continuing

Education Sponsored By

Center = @F corrorarion

Add Bank of 16 LEDs — Rename LED Block

Sources Design Signals Board ? 00 Diagram x Address Editor x
Q T & w» @ a 32 ®E o Q : + @ #, C 9 | = DefaultView
B Basys3 A
w @ Clocks (1 out of 1 connected
» System Clock Connect Board Component X

w [ External Memory (0 out of 1 connected
Select an IP block interface for connecting board component '16

¥ QSPI Flash LEDs'
w [ GPIO (0 out of 5 connected
¥ 4 Push Buttons
¥) 7 Segment Display - Anodes Q = = e
¥ 7 Segment Display - Segments o VLNV
pite_0
O _ v 4 AXI GPIO wilinx. com:ip:axi_gpio:2.0 ~ —
wil Board Component Properties... - UART e —
K3 16 Swi GPIO e
el Pmﬂd Ja sy chack ; —12:::
.r'" Connect Board Component... ¥ GPIOZ [ o
Auto Connect et iy il Vipyei . e ™
Board COMP Ok e e o =+ 10Module Hilinx.com:ip:iomodule: 3.1 dem,
GPIOL '_
Block Properties ?_0O0 X o GPIDZ
axi_gpio_led 4= o GFl03
GPIO4
Mame: axi_gpio_led w = MicroBlaze MC5  xilink.com:ip:microblaze_mcs:3.0
Parent name: baremetal 1 GPIO] hd

General | Properties IP 9
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Add Bank of 16 Switches — Rename Switch Block

Sour Design Signa Board = 2 _0O0 Diagram x AddressE r x
Q T & » @ a 3 ® o Q s + ® » C o
I8 Basys3 A
v [ Clocks (1 out of 1 connected Connect Board Component ®
» System Clock
v = External Memory (0 out of 1 connected Sel_ect an IP block interface for connecting board component 'L&
Switches', '
¥ QSPI Flash =
v [= GPIO (1 out of 5 connected =
¥ 4 Push Buttons Q = =
¥ 7 Segment Display - Anodes F
) Mame LMY
¥ 7 Segment Display - Segments i i - ) i i | .
w axi_gpio_led (4x wilinx. com:ip:axi_gpio:2.0 ~ =
¥r 16 LEDs aPl02 E
¥ 16 Switches b
. - « Create new IP -
~ [ Pmod (0 out of 4 connected w o s
sys_ch w == AX GPID wilinx. com:ip:axi_gpio:2.0
Block Properties 7?7 00X _ O x | GPIO r
axi_gpio_sw £ T GPIO2
~ = 10Module Hilinx com:ip:iomodule: 3.1
Mame: axi_gpio_sw GPIO1
GPIO2
Parent name: baremetal 1
B GPIO3 o

General Properties IP

Cancel
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Add Basys 3 Constraint File

Sources x Design |Signals | Board ? _0O0 Diagram x| Address Editor x| Basys-3-Master.xdc* x
Q = | s+ 2 fhomeffredibaremetal_1/Basys-3-Master.xdc
W Design Sources (1 Q X - X E R X /J/ ® 9
» baremetal_1 (baremetal 1.bd] (12 ] — — .
v = Constraints (1 7 set_property -dict { PACKAGE PIN WS  IOSTANDARD LVCMOS33 } [get_ports clk]
w i constrs 1 (1 5 ' create_clock -add -name sys_clk_pin -period 10.00 -waveform {0 S5} [get_ports clk]
[ Basys-3-Master.xdc A
> [= Simulation Sources (1 11 . set_property -dict { PACKAGE PIN Ul6 IOSTANDARD LVCMOS33 } [get ports {led[0]}]
y = Utility Sources 12 | set_property -dict { PACKAGE PIN E19 IOSTANDARD LVCMOS33 } [get ports {led[1]}]
13 . set_property -dict { PACKAGE PIN U19 IOSTANDARD LVCMOS33 } [get ports {led[2]}]
14+ set_property -dict { PACKAGE PIN V19 IOSTANDARD LVCMOS33 } [get_ports {led[3]}]
15 ! set_property -dict { PACKAGE PIN W18 IOSTANDARD LVCMOS33 } [get_ports {led[4]}]
16 ! set_property -dict { PACKAGE PIN U1S  IOSTANDARD LVCMOS33 } [get_ports {led[5]}]
17 | set_property -dict { PACKAGE PIN Ul4 IOSTANDARD LVCMOS33 } [get_ports {led[&]}]
- - S s 12 | set_property -dict { PACKAGE PIN V14 IOSTANDARD LVCMOS33 } [get_ports {led[7]}]
Hierarchy | IP Sources  Libraries Compile Order 19 | set_property -dict { PACKAGE PIN V13  IOSTANDARD LVCMOS33 } [get_ports {led[8]}]
20 . set_property -dict { PACKAGE PIN V3  IOSTANDARD LVCMOS33 } [get ports {led[9]}]
) ) 21 + set_property -dict { PACKAGE PIN W3  IOSTANDARD LVCMOS33 } [get ports {led[10]}]
Source File Properties ? 00X 22 ' set_property -dict { PACKAGE PIN U3  IOSTANDARD LVCMOS33 } [get_ports {led[11]}]
23 ! set_property -dict { PACKAGE PIN P3  IOSTANDARD LVCMOS33 } [get_ports {led[12]}]
[ Basys-3-Master.xdc - & 24 | set_property -dict { PACKAGE PIN N3  IOSTANDARD LVCMOS33 } [get_ports {led[13]}]
-] 25 | set_property -dict { PACKAGE PIN P1  IOSTANDARD LVCMOS33 } [get_ports {led[14]}]
7| Enabled 26 | set_property -dict { PACKAGE PIN L1  IOSTANDARD LVCMOS33 } [get_ports {led[15]}]
Location: fhome/ffred/baremetal_1 2E R
Type: xoc [ 30, #set property -dict { PAGKAGE PIN W7 T0STANDARD L et ports {se
size: 101 ke 2} #set_property -dict { PACKAGE PIN US  IOSTANDARD L et_ports {seql2
Modified: Thursday 08/31/23 03:59:32 PM 34 | #set ert ict { PACKAGE PIN US  IOSTANDARD LVCMOS33 } [get ports {se _
LY c, Fcat art n g A AGE BPTA c TASTAMDAR M1533 } [get ports {seagls]}t]
i R TRl I Treranmaton §Ueaneas 1 f g oS TSR e 11
General Properties ‘{‘ - " T - a ST - T
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Validate the Design

Validate Design x
Address Editor x
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Default Vil o Walidation successful. There are no errors or critical warnings in this design.
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Sources x Design Signals Board ?
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Q = | s |+
w [ Design Sources (1
B bareme-{-nl I N I T T e e

w Constraints (]
w [ constrs_1 (o

" Basys-

» [ Simulation So

» o Utility Sourced

Hierarchy IP 5

Source File Propu X

baremetal 1.bd

Source Node Properties...
Open File

Open With

Create HDL Wrapper...

View Instantiation Template
Generate Output Products...

Reset Output Products...

Copy A&ll Files Into Project

Remove File from Project...

Disable File
+| Enabled )
Hierarchy Update
Location: C'  Refresh Hierarchy
Type: IF Hierarchy
Part:
Size:
4 .
General Propes

Set Used In...

S
& @ a =:

Diagram

Eile  Edit Flow Tools

Project
I Add Sources...

Sawve Block Design As...
Close Block Design

Checkpoint

Chock
IP

refeat

Text Editor

Export
Print...

Exit

v PROGRAM AND DEBUG

Vi Generate Bitstream

> Open Hardware Manager

» Address Editor » | Basvs-3-Mas

Reports

2 corporarion @2

Window View
& b, B &

BLOCK DESIGN - baremetal 1

Layout Help Juick Access

Sources x Design Signals Board ? _ 0O

Qx| s+
w [ Design Sources (1
> @ 5 baremetal_1_wrapper (baremetal 1 wrapper
w [ Constraints (1
~ [ constrs_1 (1
[ Basys-3-Master.xdc
» [ Simulation Sources (1
» [ Utility Sources

Export Hardware... :

When prompted, be sure
to select include the

[

bitstream.
Export Block Design... 3
Export Bitstream File... | |jbraries  Compile Order
Export Simulation...
" Source File Properties ?T 00X
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Activate Hardware Manager

File Edit Flow Tools Reports Window Lavout View  Help 4~ Quick Access

= - > I « I Dashboard ~
Flow Navigator C - A  HARDWARE MANMAGER - localhost/xilinx_tcf/Digilent/210183B7AFD3A
~ PROJECT MANAGER © There are no debug cores. Program device Refresh device
£+ settings
Hardware ? 00X Basys-3-Mas
Add Sources
Q = = & fhomeffredib: B :
Language Templates e : 2333'3383
Mame Status L S N A " SoE '
T IP catalo i Q S, g B B -
ha 4 ~ K localhost (1 Connected ——— - S E;ff .,I—-,,:J: %ﬂﬁlﬁ%memw
« e xilinx_tcf/Digilent/21018387AF Open 7 set_pre | ;_,..m;,x 0L7LJL1§QE . R R &
| S 3PN e
L IP INTEGRATDR o EHC?EEEt_G -_ Prﬂgrammec ;_ (reﬂte_ \ ’:’ ':lk ':' ’:l cu(woﬂux .
Create Block Dasign XADC (System Monitor _ b'-'o 100, I, BAYS 3 (surp,n)“~ = ‘
[:| B' k_ D i '_'_ P __'.__:-_ !é‘.' sug(m g(p“uqi'(wsmz.' ws;mg m.«)sulu!(us)suspua) !(m::u;!wns)us]<u1;:5|<u15) |(um ‘wns> L!nfms) L.]D::m !(um
pen Bloc 2sign 12 | geet p S 1S s sut L r__V____‘ s~ = s = suo
Generate Block Design _ #Fset_
v SIMULATION 16, #sel
Run Simulation 18 | #set_
< b4 19 #
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v SIMULATION

Bun Simulation

Tools

Enter... Vitis

Reports Window Layout Wiew

Validate Design
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Property Editor

Associate ELE Files...
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Create main.c

New Application Project o X

Platform H
Note: A platFform project will be generated automatically in workspace for the selected XSA. It can he cuckamized larar
File Edit Search Run Vitis Project Window Help

5] select a platform from repository 7] Create a new platform From hardware (XSA) :=<3 P @ e :‘FE’ ~r : E : by = : 1 ﬁ? . : :t}; e ﬁ
Hardware Specification r
XsAFile: | /home/fred/baremetal _1/baremetal 1_wrapper.xsa g Explorer & nASSiStant = <'='_b> E43 8 - 0 & baremetal_*l_system [‘{t bareme
o IEI baremetal_1_5}r5tem paremera _'_'\'-"'E DDer v{: Application Project EEttlnE
Platform name: baremetal 1 wrapper " :[E]: baremeta[_1 standalone_microbla ge_[:
> @ Includes General
m : e o ~ me: baremetal_1
= New > | 1 Projeck...
> & Copy 2 File baremetal 1_wrappe
> 2| . cpp
% b % Delet Create a new file resource
. clete standalone _microbla
& bare ) Refresh = Other... 1
' R microblaze 0
> Il baremg g4 Import Sources...
Source > 0s: standalone
Maove... Hardware Specification: View proces:
Rename...
Team p)
Properties

3 /|6
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Vitis Application Code

[£] main.c &3 = 0

1 #include "xparameters.h"
#include "xil printf.h"
#include "xgpio.h"
#include "xil types.h"

[ T S S I

// Get device IDs from xparameters.h
#define SW ID XPAR AXI GPIO SW DEVICE ID

& #define LED ID XPAR AXI GPIO LED DEVICE ID
9 #define SW_CHANNEL 1

#define LED CHANMEL 1

~ "

12=int main() {

13 Xopio Config *cfg_ptr;

14 X0pilo led device,sw device;

15 u32 data;

16

17 // Initialize SW Device

18 cfg ptr = XGpio LookupConfig(Sw ID);

19 XGpio CfgInitialize(&sw device, cfg ptr, cfg ptr-=BaseAddress);
20 // Set SW Tristate

21 XGpio SetDataDirection(&sw device, SW CHANNEL, 0);
23 // Initialize LED Device

24 cfg ptr = XGpio LookupConfig(LED ID);

25 XGpio CfgInitialize(&led device, cfg ptr, cfg ptr-=BaseAddress);
26 // Set Led Tristate
27 XGpio SetDataDirection(&led device, LED CHANNEL, @);

29 while (1) {

30 data = XGpio DiscreteRead(&sw device, SW_CHANNEL);

31 XGpio DiscreteWrite(&led device, LED CHANNEL, data);

32 xil printf("Running...\r\n"); 17
33 }
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Run it

&5 Explorer 22 | 2| Assistant O S g 3 T O [ main.c EEW
> B baremetal_1_wrapper_1 1 #]:.nc'LudE "xparameters.h”
&b tal 11 tem [ baremeta I 2 #include "xil printf.h"
e aremeta » _5}'5 em L Dd emecta _] wrapper 1 ] 3 #include "}'{gpiﬂ.h"
~ B baremetal_11 [ standalope mi 4 #include "xil types.h"
> # Binaries New > _ )
. Get device IDs from xparameters.h
* [ Includes Move To System PI'O_IECt... efine SW_ID XPAR_MI_GPIU_SW_DEUICE_ID
> = Debug efine LED ID XPAR AXI GPIO LED DEVICE ID
efine SW CHANNEL 1
~ = SIC _
= _ ¥ Delete efine LED CHANNEL 1
> glmaln.cl & Refresh oo o
script.ld 5 t main
ex Import Sources... ; ; .
= README.txt > XGplo_Config *cfg ptr;
i3 Export as Archive X0oplo led device,sw device;
> @ _ide . : u32 data;
¢ baremetal 11.prj Build Project - _
. Clean Project // Initialize SW Device
? & _ide i i cfg ptr = XGpio LookupConfig(sw ID);
& baremetal_11_system.s| T Generate Linker Script XGpio CfgInitialize(&sw device, cfg ptr, cfg ptr->BaseAddress);
> design_1 wrapper C/C++ Build 5ettings // Set SW Tristate
. . i XGpio SetDataDirection(&sw device, SW CHANNEL, 8);
> [l project_1_system [desion|  team 3 - - -
Run As b % 1 Launch Hardware (Single Application Debug)
Debug As > . 2 Launch sW Emulator (Single Application Debug) laseAddress) :
Properties . 3 Launch Hardware (Single Application Debug (GDB))
r__ Run Configurations...
29 while (17 {
30 data = XGpio DiscreteRead(&sw device, SW_CHANNEL);
31 XGpio DiscreteWrite(&led device, LED CHANNEL, data);
32 xil printf("Running...\r\n"); 18
33 }
34 1
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Thank you for attending!!!

Please consider the resources below:
» Xilinx.com B i
- digilent.com e

« Basys 3 Reference Manual | = oTUR - M, [u
TR B Y By ) WL . s

e

A Kl A S v S S i

<u17>mL & o

s L & LDS LD8 LD? LDé LDS LD4 3 LD2 LD1

gav oo g Fen g e o o fus Fwo fasn fas jus fws e gue
SWS -S4 SuF  SuZ sl - SWIOT  SW9T  SWBT  Su7T  SWu6T  SUST  Su4"  SW3= su2™  sm - suo-
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