Simple VERILOG example using

VIVADO 2015 with ZYBO FPGA board
v 0.1

Aim

| am FPGA novice and want to try classical FPGA design tutorials. | bought perfect
modern FPGA board ZYBO (ZYnq BOard) based on Xilinx Z-7010 from Digilent but
latest tools from Xilinx VIVADO 2015.2 more focused on AP SoC programming while |
want to just pure FPGA design without any linuxes bootloaders etc. So | wrote this
tutorial to help people like me :)

In this example we make simple scheme: 2 signals IN and 4 OUT.
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Preconditions: Adding Zybo Board to Vivado
Vivado 2015.2 under Windows 7 64 bit was used with 16 GB of RAM.
Before using Zybo with Vivado you should add Zybo Definitions File to Vivado.

1. Good source for Board Definition files is Zyngbook website.Download
The Zyng Book Tutorial Sources Aug15.zip

2. Copy zybo folder with content from Archive path \sources\zybo\setup\board_part
into D:\Xilinx\Vivado\2015.2\data\boards\board_files (if D:\Xilinx\Vivado\2015.2 is my
PC you probably have C:\Xilinx etc...)

3. In board_files you should see other boards so now our Zybo known by Vivado.

4. Download ZYBO_Master.xdc from Digilent website unpack constraints files on local
hard disk for example on Desktop.

I ¢ Computer » Local Disk (0) » Xilinx » Vivado » 20152 » deta » boards » board files » zybo » B3

- Include in library = Share with = Bum Mew folder

= Marmne ) Date modified Type Size

sktop L | board 6/18,2015 1:57 PM XML Document B
wnloads L | partl_pins 63,2015 3:53 PM XML Document 2 KB
GA ] prr_sr_t 65372015 3:53 PM XML Document 10 KB
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http://www.zynqbook.com/
http://www.zynqbook.com/getDownload.php?req=2
http://digilentinc.com/Data/Products/ZYBO/ZYBO_Master_xdc.zip
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Phase 1. Preparation.

| have latest Vivado Design Edition from Xilinx which comes with Digilent Zybo board.

Launch your Vivado.
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Create new project

VIVADO' Productivity. Multiplied.

Quick Start
F P 4
Crmfw Project Open Project Open Example Project:
Tasks
6 &
i 5
Manage IP ¥ilinx Td Store
Information Center
= &
Doaumentation and Tutorials Quick Take Yideos Release MNotes Guide

SiMPLE VERILOG EXAMPLE USING VIVADO 2015 wiTH ZYBO FPGA BOARD V

0.1




Simple VERILOG example using

VIVADO 2015 with ZYBO FPGA board
v 0.1

New Project

Click Next

Create a New Vivado Project

V|VADO’ This wizard veill guickes wou through the crestion of & new oroject,

To oeabe a Wuado project you vall reed bo provide: 8 name and & locabon Sor your progect fles. Mext, yvou
mil sp=ofy the type of fow voull be workang vath. Frally; you vell sp=afr your progect souross and choose 5
default part.

T'o corvbnue, dick Mext
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Set project name.

Set project name to gates2,

Keep rest settings unchanged unless you know what you doing.

1|'m

ds New Project -
Project Name
Enter a name for your project and spedfy a directory where the project data files wil be stored, '

Propect name: | gates2

(]

Project location: | O fUsers =i
| Create project subdirectory

Project will be created at: D: Jsers/sifpates2

| <Back || Mext> | Fins [ Cancel |
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Project Type

Keep default RTL(Register Transfer Level) project, Press Next

4. New Project
Project Type |
Specfy the type of project to create. '

@ RTL Project
‘Yious will b2 able to add sources, aeate block designs in IP Integrator, generate IP, run BTL analyss, synthesis, mplementation, design
planning and analysis.

|| Do not spedfy sources at this time

Post-synthess Propect: You will b2 able to add sources, view device resources, nun desgn analysis, planning and implementation.

Do not spedfy sources at this time

L/O Planning Project
Da not spedfy design sources. You will be able to view part/package resources.

= Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
~ Create a new Vivado project from a predefined template.

Add sources

In this tutorial we decided to use Verilog language so make sure it set correctly.
Simulator language you can keep unchanged.
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Click on "+" - Select - Create File.

e o . ==

Add Sources 1
Specify HDL and netlist files, or directories containing HOL and netlist files, to add to your project. Create a new source file on

1 disk and add it to your praject. You can also add and create sources later. |
+
L |
1 \\
4

Press the = button to Add Files, Add Directories or Create File

ﬂadd RTL indude files into project

Copy sources into project
Add sources from subdirectories

Target language: |Verilog ~ | Simulator language: Mixed

< Back ][ Mext = Finish Cancel
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Create Source File

Set Filename to gates2. Keep the rest unchaged. Press OK. Press Next.

Create a new source file and add it to your project.

File type: i Verilog

File name: gateszl

File location: | B0 <Local to Project=
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Add Existing IP

Click Next.

— r—

& MNew Project —_t
Add Existing 1P (optional) |
Spedfy existing configurable IP, DSP composite, and Embedded sub-design fikes to add to your project. '
+
the + Button o Add Files or Add Directories
Copy sources into project
ini Cancel
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Add Constraints

Click "+", Add Files.

e .. ==
]

Add Constraints {(optional)
Spedify or create constraint files for physical and timing constraints. '

+

— Add Files...
+ Create File...
1
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Add Constraint file we downloaded at Precondition step.

g Add Constraint Files E
Look in: .J,sj M ? ﬁ E‘l € ﬁ.‘r ..j X ?.; '
] . AppData Recent Directories 1
| I <
| &} .. blinky (=) D /Users/sj =
.. first_zyng_design
SRR gatesz; a J File Preview
. LED_Counter 1 ## Thi xdc for the Z¥BO Rev B b =
- . project_1_multiple_inputs 2#5 ] £
Desktop || sources I#F -1 ent the lines corresponding to :;ec p::?s
| Tutoriall 4 ## gnals according to the proje
. | vhdl_tut 1 2
P ##Clock signal
{ | , ZYBO1

My Documents 3L Mewysd_Masterxde
@ one_input_one_outputxpr

clk]

h' :Q project 1_multiple_inputs.xpr 5.00 -
Eb’--.' B4 ZYBO_Master.ucf 11
Computer 12 ##5vitones
|| ZYBO_zynq_def 13 #210 3
o 14 #set
QE 15 #set
Metwork 16

23 #set property p RD LVCMOS33 [get ports {sw[Z]
24
€ |

P
File name: ZYBO_Master. xdc

Files of type: | all Files
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Make sure: Copy constraints files into project - Checked.

Click - Next
i e o | )

Add Constraints (optional)
Specify or create constraint files for physical and timing constraints.

g

'h Constraint File Location

= ZYBO_Master,xdc @& D:\Userslsj
1

4

Copy constraints files into project

~

< Back ]| Mext = | Finish Cancel

Default Part

Click on boards and select Zybo. If you still don't have it follow steps in Preconditions:
Adding Zybo board to Vivado.
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If you don't see ZYBO goto Preconditions Step.
Next.

o oo . ==
Def |

ault Part
Choose a default Xiinx part or board for your praject. This can be changed later. '

Select: @ Parts [
4 Filter
Vendor: Al -

Display Name: Al -
Board Rew: Latest -

Vendor BoardRev  Part 1jC Pin Count  File Version ?EE

5 doglentnc.com|< B3 |0 %c720100g800-1 [400 |5 10 |4 10
tion and Development Kit % em.avnet.com @ d @ xcT020dg84-1 484 & 1.3 & 200
tion Platform & xdbinoc, com & L1 @ xc7a200tfhgsTe-2 676 & 1.2 >
Evaluation Board & wilinec,.com &% 10 @ ncTz020dg484-1 484 & 12 & 200
Evaluation Board & wilinoc,com 11 @ wc7z045fge00-2 900 & 1.2 & 35
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New Project Summary
Finish
New Project Summary

Vl \/)&\I:)(:)l (1) & new RTL project named 'gatesZ wil be created,

(1) 1source fie wil be added.

Ay No Configurable IP files will be added. Use Add Sources to add them later,

@ 1 constraints fe will be added,

(i) The default part and product family for the new project:
Default Board: Zybo
Defout Park: wc72010dg400-1
Product: Zyng-M00
Family: Iymg-7000
Package: dg400
Speed Grade: -1

To create the project, dick Finish
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Phase 2. Editing Project

Project files generated and ready for your design.

We will implement 2 input gates and 4 output basic gates and, or, xor and nor.

Fle  Edr Fow  Took  MWndew  Lapmub Wew  Help

A oaRE x>0 EK E G Eoemutiamut || W Resdy
Plaws Mavigakos 4| | Propect Masager gatea? ®
& = Saurees —Oux E Propect Summary owr =«
o, T s =

T | L L= wgk BE = Project settings =

@) rojectSetings & todmanady, = Puptrener guen

B Add sources S Conatraint {1 Froectlocabors D Uersryigabess

"_' Lerguage Terolstes Product taniy: Tyng OO0

1 Froectoart: Zvbo (ar e ndo4cn-11

Top roonchbe rwarma: el definesd

d [P Irizgradon Baard Part

o .

iy e

Simuisfion
I smsaton Setings
W Ror Sradeor
Pr oy o andl Didagy

B Fitetream Setrme

W Corwrate Bish

[ O Har o e

5 Td Corgnle | O Massages | ] Log | (S Reparts | < Design Runs

Define 1/O ports as below
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OK

r,B} Define _ S

Define a module and spedfy IO Ports to add to your source file.

For each port specdified:
MSE and LSE values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written,

Module Definition
Module name: |gate52
I/O Port Definitions
+ Port Mame Direction Bus MSE LSE
— g input -
4 b input -
3 output - 3 i

ok || cancel
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Select Verilog Design

Click on Source file in Project Manager>Sources>Design Sources - Source code on
Right-hand side should appear.

Project Manager - gates2

| E. Project Summary X | el gatesdv X |

Sources Bl
G o E
A== 2R
[+ Design Sources (1)
e M gates2 (gates2.v)
[+ Constraints
-1 Simulation Solifg
Libraries |Com|:u'|e Order |
4\ Sources L % Templates ]
Source File Properties | Ea s
«»
w8 gatesd.v
-
Location:  D:fUsers/sjfoates2/gates2.sresfsources_1/new ~
Type: Verilog B
Library: wil_defaultib G
Size: 0.5KB m
Modified:  Today at 22:55:03 FM
Copied to:  D:/Users/sjfgates2/gates2.srosfsources_ 1fnew
Read-only: Mo
Encrypted: Mo il
- =

=y D: Users/sjjgates2/gates2. sresfsources_1fnew/aates2.v

1 *timescale 1ns / lps

[~ ]

v

e

P4

i

'fB__ 12

— 13

\'.-J 14 // Dependencies:

@ 15

: 16 // Revisicn:
i 17 // Revision 0.01 - File Created

18 // Additional Comments
13 7,
20 JSLEEFLSEETL LSS L IE LSS L SIS LTSS SIS LSS
21
22
23 |mdule gatesd(
24 input a,
25 input b,
26 output [3:0] =
27 )z
28 endmodule
29
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Changes to source code.
Modify Verilog file - add lines as highlighted below.

wire a,b;

reg [3:0]z;

always @(a or b)

begin
z[0] =a & b;
z[1]=a| b;
z[2]=a”b;
z[3] = I(a | b);

end
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[ e gatesdwv X & top gatesZv X | ZYBO _Master.xdc X
= D: [Users fsjfgates2/gates? sresfsources_1Ljnewjgates2.v

v
w22
23 module gatea2 |
24 input a,
25 input b,
28 output [3:0] =z
27 | H
28
Z0wire a,br
anreg [3:0])z:
a1
3Z always @(a or b)
33 begin
34 z[0] = a8 & bs
25 Z[l] = a | b;
36 Z[2] = a = b;
37 2[3] = '(a | B):
38 end
3% endmodule
40

Create top file

Rightclick on Design Sources and select Add Sources.

1. Add or create design souces.
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2."+" > Create File

Elaborated Design - xc7r010cdg400-1 (ackve)
SOUrCeEs - 0O
QXS et R E

: sr-.'.gau-_-.z-E w Ctrl+E
i

Constraints [ 1) Hierarchy Update ¥
Simulation Source: @

Refresh Hierardy

IP Hierarchy ¥
Edit Constraints Sets...

Edit Simulation Sets...

(@ Add Sources... Alt+A

| Hierarchy | Lbraries | Compile Order
. Sources (3 RTL Nethst
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File Type :Verilog,

File name: top_gates2

Finish
-
&l} Add Sources - | P |
-
Add or Create Design Sources
Specify HOL and netlist files, or directories containing HDL and netlist files, to add to your project, Create a new source file on disk and add it
to your project.
+
_-—
T -
|: P
i Create a new source file and add it to your project.
i File type: ¥ Verilog
i File name: top_gates2|
File location: | &0 <Local to Project=

i ||
i Scan and add RTL indude files into project
||

Copy sources into project
N

Add sources from subdirectories
N
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Define Module

Add sw and led as on image below.

'l e N
4. Deﬁne_ [ S

Define a module and specify IO Ports to add to your source file,
For each port specdified:

M5B and L58 values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written.

Module Definition

Module name: | top_gates2
1/ Port Definitions

+ Port Name Direction

— input -

4 led output -
+

Replace default source code.

“timescale 1ns / 1lps

module top gates2 (
input [1:0] sw,
output [3:0] led
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)7

gates2 CI1(
.a(swl0]),
.b(swll]),
.z (led)
)i
endmodule

T Project Summary X | 4@ gatesZv * X | o8 top_gates2w ¥ X
o D Users 5j fgates2foates2 srosfsources_ 1fnewtop_gatesZv

1 "timescale 1lns / 1lpsa

o,
M| 3module top gatesz(
Ii,gﬂ- 4 input [1:0] aw,
ra| 3 output [3:0] led
=l g i
Ed
= 7
x| 8 gates2 C1{

] ~alzw(0]),
J""' 10 -b{aw[l]]),
=11 LZ{led)
&l 12 H
] _ !
— (13 endmodule
¥ (14
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Top Design

We have single top design interface file which use our gates2 design as component.

| Project Manager - gates2
Sources

= lnt= 1N |
[5-1= Design Sources (1)
BEE Hiop_oates2 (1p_gstes2) (1)
L @8 C1 - gates2 (gates2.v)
[+ Constraints (1)
[/ Simulation Sources (1)

I

O
v
*

Libraries |Cnm|:u'le Order |
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top design

Make sure our top file became parent of gates2 file. Otherwise set it manually with Set
as Top.

Project Manager - gates?

Sources =0 " X £ Project Summe
a2 e BE B oitsasiii
=% -Dehgign Sources [ 1] i | E Ttimesc
: "‘Z"-};,{.'c'l k=l (5 Source Node Propertis. . e |
=1 Constrainte (1) * Open Fle Alt+D f
=2 Simulation Sources (1) Rieplace File... h
L
Alt+1 f
¥ Remove Fie from Project... Delete
Alt+Equals
Disable File Alt+Manus

Move o Simuation Sources

Hierardhy Updale ¥
Hierarchy Libranes | Compile O
@ Refresh Herardwy
AL Sources | Templates e N

Source File Properbies o t as Top
& Pk 52t Global Induds
i fop_gates2.v

Location: [ Usersfsifgates

Sat Library... £t
Type: Veriog b i
. Set Fie Type...
; il -
i Set UsedIn...
Siza: 0.6 KB

Eit Conetrainite Sate...
Modfied:  Today at 23:24: 14 s

Copied ta:  D:Ukersfcjinates2f
Read-orly: Mo @ hdd Sources... Alts s

Edit Smulation Sets...
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Amend Constraints file

Select xdc file from Sources>Constraints

Project Manager gates2
Sources - O L Project Summary X @B gatesZov ® X |6 top gateszv x| HY ZVBO_Ma
QR 2k hE B |D:/Users/gjgates gates2. orcs fconstrs_1imports 5)/ZYBO_Master. xdc

P
®

[-1= Design Sources |1 W 1|-~ ' file 15 a gepsral .xdc for Che Z¥B0 Rav B boa:
| Bk top_gates2 (top_gates) (1 2 #4 To use it In & project

: i C1 - gates? (pates? LI I
H-5 Constraints 1 -';* 4 F¥ ransme Che UsSed s1gRals acfarding Co Che praJect
| B constrs_1(1) 5

B 2180 _Master.odc | 2 & F#Clack signal

[ += Samulation Sources [ 1) "":I W LETD L1110 T1 CROE 9E

........

Hierarchy Libraries Comple Order 16
b Sources | | Templates i G ”"_;—:1,___,_ .

Saource Fle Properties — O

g 1Y | [——

1Y TYBO_Master.xde

I
x
-
o

1
[
3
%

i

Location: D: fUsers/sifgates2fgate<] srosfoonstrs_Lfimports/sj 24 Tel_pramers) S e gk P

Type: KDC j 25 #4I0 LAF T1 DOS 3

Size: 128 KB = fset_property _'.-:.._.-_-.._-j____;.'_:_._'_I:.___j':_:_.;::::: 57 [3 L
Modified:  Tuesday 02/18/14 05:03:26 PM metp y LSIALRRE LSS [eet_ports (swldl)
Copied to:  DifUsers/sjifgates2/gates?.srosfoonsirs_1fimports/sj 29 £EHubEans

Copied from: D:fMUsers/sifTYBO_Master xdc a0 #4410 LI

Copledon:  Tuesday 02/ 18/14 05:03:25 PM 31 #set property PACKASE BIN H1Z [get ports (btn[0]}]
Read-orly: Mo 32 #s=t property IOSTANDARD LVOMOS33 [get port
Enoypted: Mo E
General | Properties I
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Changes in xdc file

Uncomment lines of I/O ports we need to use.
Save file.

= D: /Users/sijgates2 fgates2, srosfoonstrs_ 1 imports|sj/ZYB0_Master. xdc

14 set_property PRCKRGE_PIM Gl15 [get ports (aw([0]]]

15 set_property I[OSTANDRRD LVCMOS33 [get ports [aw[0]}]
14

1T #3510 LI4F T3 34

18 set property PRCEAGE PIN P15 [get ports (sw(l]]]

1% set property IOSTANDRRD LVCMOS33 [get ports [sw([1l]}]
20

21

22 F¥LED=

23 ##I0 L23F T3 35

24 set property PRCERGE FIN Ml4 [get ports [led[0]}]

25 set_property IOSTANDARD LWVCMOS33 [get ports [led[0]1]
26

27 §#I0 L23N T3 35

28 set property PRCERAGE PIMN H15 [get ports [led[1]}]

28 set property IOSTANDRRD LVCHOS33 [get ports [led[1]}]
30

31 FFIOQ 0 35

32 set property BRCERGE FIN Gl4 [get ports [led[2]}]

33 set_property I[OSTRANDRRD LVCMOS33 [get ports [led[2]}]
4

33 #F#I0 L3N I DOQs ADIN 35

36 set property BRCERGE PIN D18 [get ports [led[3]}]
HTluct_pt-Jpcrt? IOSTRNDRRD LVCMOS533 [get ports {led[3]}]
36

39 FFIZ5 Andil “ode

a0 F#I0 L1ZN T1 MRCC 35

5 e B

i
I®

= | X

B <O
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Phase 3 - Synthesis and uploading to device.

At Synthesis phase we convert our circuit from register transfer level (RTL) into a
design implementation in terms of logic gates.

In Flow Navigator on Lefthand side.:

Next steps can be Simulation>Run Simulation or RTL Analysis>Schematic but we
skip them in this tutorial and come directly to Synthesis>Run Synthesis.

Flow Nansgator “

- e o
o M- 31

© PFroject Manager
P Integrator

4 Samulation
4 Simulation Settings
{il} Run Simulation

4 RTL Analysis
{FY Elzboration Settings
4 [ Elsborated Design
Q) Report DRC
S Report Mose
#] schematic

4 Synithess
Y Syrthesis Settings

{3 Implementation Settings
[ Run Implementation

E m* Open Implemenied Desgr

4 Program and Debug
{3y Ditstream Settings
¥ Generate Bitstream
- @ Open Hardware Manager
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Synthesis complention
Leave default Run Implementation
OK

Synthesis Completed -

|ﬁ Synthess successfully completed,

7] Dot shaw this dialog again

] (0|
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Generate Bitstream
Select Generate Bitstream

OK

Iﬂ Implementation successfully completed.
Next

{1 Open Implemented Design

© GererE Bt

(7)1 View Reports

[7] Don't show ths dislog again

Lok ][ coedd |
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Final

Pay attention to jumpers.
JP7 - It should set to USB.

JP5 can be JTAG or QSPI

Connect ZYBO to PC with Micro-USB cable.

Photo taken from http://marsee101.blog19.fc2.com/blo

-entry-2745.html

?:l ?:l '{I::i " l':] ¥
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Program ZYBO

4 Program and Debug
{F} Bitstream Settings
¥ Generate Bitstream
# [§ Hardware Manager
B Open Target
&' rocd| @ Open New Target..,
W adig @ locabhost:312 1y tofDiglent/2102756530434, FARAM FREQUENCY: 15000000

ren

Next

. Dpen New Hardware T

Open Hardware Targel

V|VADO' This: wizard vall guide you through connecting to a hardware target,

To conrect 10 a remcie haroware target, provide the "lifitl"lifl'ﬁ-il'lf-‘._-‘ﬁl".{lf'l'\i
remale machire on which the relance of 3 Vivado Harchear e Server & runnng,
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Next

Hardware Server Seltings

Select local o remate hardware server, then configure the hast name and port settings. Use Local server if
the target is attached to the local madhine; otherwise, use Remote server.

Cormect o | Local server (Larosl is on ocsl machine

Click Merxt b lawnch and for cornect to the be_server (port 3121) applcation on the local machine,

N o
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Make sure you have similar setting like on picture below.
Select xc7z010_1

Next

oo R ==

Select Hardware Target

Select a hardware target from the list of available targets, then set the appropriate TTAG dedk {TCK)
frequency. If you do not see the expected devices, decrease the frequency or sglect a different target.

Hardveare Targets

Type Mame JTAG Clodk Frequency

Digilent (2 102796530434 [15000000

Hardware Devices (for unknown devices, spedfy {

MName ID Code 17 Length
@ am_dap_0 4BADD47T 4

S

Hardware server: localhost: 3121
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Finish

o e D =)

Open Hardware Targel Summary

V'vAD O' (i) Hardware Server Settings:

o Server: locahost3121

(1) Target Settings:
o Target: sinx_bcfiDiglent/2 102705530434
o Freouency: 15000000

Ta connect to e hardwane desmibed abouve | dick Ansh

| <Back || Ewih ;| Cancel |

Program device > xc7z010_1

| 4 Program and Debug
ﬁ. Bitstream Settings
'I,m Generate Bitstream

) ﬂ Hardware Manager
ﬁ' Open Target
@ Program Device
##* add configura @ wcTz010_1

y=n 25

Q DO®sw

S
.
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Program

Select a bitstream programming fie and download it to your hardware device. You can optionally select a debug
probes file that cormesponds to the debug cores contained in the bitstream programming fle.

Bitstream file: D fUsers ) fgates 2 /gates 2. runs fimpl _ 1ftop.bit
Debug probes file:

7| Enable end of startup ched:

5 l l :._ ‘._._. 1

£ XILINX. X

FRERY Kl s
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Use switches to confirm and, or, xor and nor operations.
Archive of project available.

PDF version of this lesson available.

Reference

1. http://www.slideshare.net/MaryalaSrinivas/verilog-tutorial

2. http://www.instructables.com/id/Learn-Verilog-A-Brief-Tutorial-Series-on-FPGA-
Desi/?ALLSTEPS

3. The ZYNQ BOOK - Make sure you download not only book archive but also tutorials
book with sources.

4. HDL Chip Design- A Practical Guide for Designing, Synthesizing and Simulating
ASICs and FPGAs Using VHDL or Verilog. By Douglas J. Smith

5. ZYBO Reference Manual
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Files

1. Project Archive

2. ZYBO Board Definition File.

3. ZYBO Master xdc file.

Feedback

boris@borisivanov.com

SiMPLE VERILOG EXAMPLE USING VIVADO 2015 wiTH ZYBO FPGA BOARD V

0.1
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