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Vivado Tutorial Using IP Integrator

Introduction

This tutorial guides you through the design flow using Xilinx Vivado software to create a simple digital
circuit using Vivado IP Integrator (IPI). A typical design flow consists of creating a Vivado project,
optionally setting a user-defined IP library settings, creating a block design using various IP, creating a
HDL wrapper, creating and/or adding user constraint file(s), optionally running behavioral simulation,
synthesizing the design, implementing the design, generating the bitstream, and finally verifying the
functionality in the hardware by downloading the generated bitstream file. You will go through the typical
design flow targeting the Artix-100t based Nexys4 or Artix-35t based Basys3 board.

Objectives

After completing this tutorial, you will be able to:

e Create a Vivado project targeting a specific FPGA device located on the Nexys4 or Basys3 board

e Use the provided partially completed Xilinx Design Constraint (XDC) file to constrain some of the pin
locations

Add additional constraints using the Tcl scripting feature of Vivado

Simulate the design using the XSim simulator

Synthesize and implement the design

Generate the bitstream

Configure the FPGA using the generated bitstream and verify the functionality

Procedure

This tutorial is broken into steps that consist of general overview statements providing information on the
detailed instructions that follow. Follow these detailed instructions to progress through the tutorial.

Design Description

The design consists of some inputs directly connected to the corresponding output LEDs. Other inputs
are logically operated on before the results are output on the remaining LEDs as shown in Figure 1.
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Figure 1. Completed Design

General Flow for this tutorial
e Create a Vivado project and set IP library setting

e Create a block design
e (Create a HDL wrapper and add the provided constraint file
e Simulate the design using XSim simulator
e Synthesize the design
e Implement the design
e Perform the timing simulation
e Verify the functionality in hardware using the target board
Create a Vivado Project using IDE Step 1

1-1. Launch Vivado and create a project targeting either the Nexys4 or the
Basys3 and using the Verilog HDL. Use the provided Verilog source files
and tutorial_nexys4.xdc (for Nexys4) file or tutorial_basys3.xdc (for
Basys3) file from the <2014_2_artix7_sources> directory.

References to <2014_2_artix7_labs> means c:\xup\digita\2014_2_artix7_labs and
<2014_2_artix7_sources> means c:\xup\digitah2014_2_artix7_sources directories.

1-1-1. Open Vivado by selecting Start > All Programs > Xilinx Design Tools > Vivado 2014.2 >
Vivado 2014.2

1-1-2. Click Create New Project to start the wizard. You will see Create A New Vivado Project dialog
box. Click Next.
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1-1-3. Click the Browse button of the Project location field of the New Project form, browse to
<2014_2_artix7_labs>, and click Select.

1-1-4. Enter tutorial in the Project namefield. Make sure that the Create Project Subdirectory box is
checked. Click Next.

¢~ New Project lé

Project Name
Enter a name for your project and specify a directory where the project ‘
data files will be stored

Project name:

Project location: | C:/xup/digital/2014_2_artix7_labs E]
Create project subdirectory

Project will be created at: C:/.../digital/2014_2_artix7_labs/tutorial

T T T

Figure 2. Project Name and Location entry

1-1-5. Select RTL Project option in the Project Type form and click Next.

1-1-6. Select Verilog as the Target language and Simulator language in the Add Sources form.
1-1-7. Click Next.

1-1-8. Click Next to get to the Add Constraints form.

1-1-9. Select constraints file entries, if displayed, and use ‘X’ button on the right to remove it.

This Xilinx Design Constraints file assigns the physical IO locations on FPGA to the switches and
LEDs located on the board. This information can be obtained either through a board’s schematic
or board’s user guide. We will add the file later.

1-1-10. In the Default Partform, using the Parts option and various drop-down fields of the Filter section,
select the XC7A100TCSG324-1 part (for Nexys4) or the XC7A35TCPG236-1 part (for Basys3).
Click Next.
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¢~ New Project

Default Part
Choose a default Xilinx part or board for your project. This can be changed later.

Specify Filter
& Parts | Product category Al

N Package | csg324

'@ Boards Eamily | Artix-7 ~ | Speed grade |-1 v
Sub-Family | Artix-7 v | Temp grade |C 7
Reset All Filters
Search: Q-
1/0 Pin Available LUT : Block

el Count 10Bs Elements FlipFlops RAMs RSk

@ xc7a35tcsg324-1 324 210 20800 41600 50 90

@ xc7a50tcsg324-1 324 210 32600 65200 7<) 120
Xc7a75tcsq324-1 324 210 47200 94400 105 180
Xxc7a100tcsg324-1 324 210 63400 126800 135 240

< 11l »

Next > Finish

Figure 3. Part selection for Nexys4

#- New Project

Default Part
Choose a default Xilinx part or board for your project. This can be changed later.

Speci Filter
Product category All N Package | cpg236 v
@ Boards Family |Artix-7 v | Speed grade | -1 N
Sub-Family |Artix-7 v | Temp grade|C v
Reset All Filters
Search: | Q-
1/O Pin Available  LUT - Block
Kl Count 10Bs Elements EApE RAMs 25
W xc7a35tcpg236-1 236 106 20800 41600 50 90
» xc7a50tcpg236-1 236 106 32600 65200 75 120
< ] »

Next > Finish

Cancel

Figure 3. Part selection for Basys3

1-1-11. Click Finish to create the Vivado project.

Use the Windows Explorer and look at the <2014_2_artix7_labs>\tutorial directory. You will find
that the tutorial.cache directory and the tutorial.xpr (Vivado) project file.
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| tutorial.cache

¢ tutorial

Figure 4. Generated directory structure

1-2. Set IP repository path to point to the provided XUP IP library.
1-2-1. In the Flow Navigator window, click on Project Settings under the Project Manager group.
Flow Navigator «
azs
|A Project Manager
@ Project Settingsl
'045 Add Sources
1F 1P catalog
Figure 5. Invoking Project Settings to set IP repository path
1-2-2. In the Project Settings window, click on the IP.
1-2-3. Click on the Add Repositories button, browse to <2014_2_artix7_sources> and select
XUP_LIB directory, and click Select.
The directory will be scanned and the available IP entries will be displayed.
¢~ Project Settings ﬂ
B | = |
o= Repository Manager | Packager
General [
- (@ Add directories to the list of repositories. You may then add additional IP to a
@ selected repository. If an IP is disabled then a tool-tip will alert you to the reason.
Simulation IP Repositories
& c:/xup/digital/2014_2_artix7_sources/XUP_LIB (Project)
Synthesis
Implementation
PP in Selected Repository
Bitstream XUP 2_to_1_mux (xilinx.com:xup:xup_2_to_1_mux:1.0) A
@: XUP n-bit wide 2_to_1_mux (xilinx.com:xup:xup_2_to_1_mux_vector:1.0) T
XUP 4_to_1_mux (xilinx.com:xup:xup_4_to_1_mux:1.0) X
P | XUP n-bit wide 4_to_1_mux (xilinx.com:xup:xup_4_to_1_mux_vector:1.0)
XUP 2-input AND (xilinx.com:xup:xup_and2:1.0)
[ ¥ Add IP... ] [ @ Refresh Repository... J
[ OK ] [ Cancel ] [ Apply ]
Figure 6. Setting IP Repository
1-2-4. Click OK.
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Create a Block Design Step 2

2-1. Create a block design.

2-1-1. In the Flow Navigator window, click on Create Block Design under the IP Integrator block.

Flows Navigator «“

0y 59 ma
A e =1

4 Project Manager
% Froject Settings
&% Add Sources
1F 1P Catalog

4 P Integrator

| i Create Block Design

Open Block Design
Generate Block Design

Figure 7. Invoking IP Integrator to create a block design
2-1-2. Click OK to create a block design named design_1.

2-1-3. |IP from the catalog can be added in different ways. Click on Add IP in the message at the top of

G
the Diagram panel, or click the Add IP icon 4 in the block diagram side bar, press Ctrl + |, or
right-click anywhere in the Diagram workspace and select Add IP

&= Diagram X

#[| & system
#| (@) This design is empty. To get started, |Add IF | from the catalog.

q& Ctrl+E
L Delete
Ctrl+C
(=) Ctrl+V
\ Ctrl+F
% Select Al Ctrl+A
o #  Add IP... | Ctrl+I
& IP Settings...
& & Validate Design F6
% Create Hierarchy...
=
« Create Comment
Create Port... Ctrl+K
Create Interface Port... Ctrl+L
@ Regenerate Layout
T Save as PDF File...

Figure 8. Add IP to Block Diagram

2-1-4. Once the IP Catalog is open, type “inv” into the Search bar, find and double click on XUP 1-input
INV entry, or click on the entry and hit the Enter key to add it to the design.
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Search: @ (2 matches)
1

Name VLNV
iF XUp 1-inéut INVl xilinx.com:xup:xup_inv:1.0
XUP n-bit wide INV xilinx.com:xup:xup_inv_vector:1.0

Select and press ENTER or drag and drop, ESC to cancel

Figure 9. Add an inverter to the design

2-1-5. Similarly, another instance of an inverter.

2-1-6. Add two instances of 2-input AND gate and an instance of 2-input OR gate.

You can create an instance of already present IP, by clicking on it, pressing Ctrl key, and

dragging the instance with the left mouse button.

2-1-7. Redraw the diagram, by clicking on the re-draw (@) button. At this stage the block diagram

should look like shown below.

xup_and2_0

[= -]
-

XUP 2-input AND
xup_andZ_1

[= -]
-

XUP 2-input AND

Xup_inv_0

w
-

XUP 1-input INV

Xup_inv_1

w
-

XUP 1-input INV

5
w2
©
[=]
=
~
= o

XUP 2-input OR,

Figure 10. Added necessary instances
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2-2. Complete the design.

2-2-1. Right-click on the xup_inv_0 instance’s input port and select Make External. Similarly, make the
output port of the same instance and make it external.

xup_inv_0

a y

XUP 1-input TNV
Figure 11. Making ports external
2-2-2. Click on the a port, and change the name to SWO in its properties form.
External Port Properties [ i DT

+ 5 &k
Cr SWD

Name: Swo
Direction: Input

General | Properties

Figure 12. Setting input port name to SW0
2-2-3. Similarly, change the output port y to LDO (as per the diagram in Figure 1).
2-2-4. Arrange OR2 instance such that it is close to the two instances of the AND2.
2-2-5. Arrange the second instance of the inverter on the left of one of the AND2 gate.

2-2-6. Using the left-button of the mouse, draw a connection between the outputs of the AND2 instances
and the two input of the OR2.

When you move the mouse closer to a port, the cursor becomes drawing pencil icon. Click the

left-button of the mouse and keeping the button pressed draw it towards the destination port. You
make a connection this way.

2-2-7. Similarly, connect the output of the inverter to one input of one of the AND2 instances.

¥up_and2_0

E]
Xup_or2_0
a

XUP 2-input AND b ¥

XUP 1-input INV xup_andZ_1

XUP 2-input OR
a
b ¥

XUP 2-input AND

Figure 13. Connecting instances
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This diagram is similar to the logic connected between SW1,

SW2, SW3, and LD2.

2-2-8. Make input ports of the xup_inv_1, a port of the xup_and2_0, and b port of the xup_and2_1
instances external.
2-2-9. Similarly, make the output port of the xup_or2_0 instance external.
xup_and2_0
al_y
Xup_inv_1 b Y Xup_or2_0
al XUP 2-input AND : ¥ ¥
d2_1
XUP 1-input TNV Xup_ands_ XUP Z-nput OR
b b p
XUP 2-input AND
Figure 14. Making ports external
2-2-10. Change the name of ato SW1, a_7to SW2, b to SW3, and y to LD2.
2-2-11. Right-click somewhere on the canvas and select Create Port.
A Create Port form will appear.
2-2-12. Enter LD1 as the port name, using the drop-down button select the type as output, and click OK.

#-. Create Port

]

.0. Create port and connect it to selected pins and ports

Port name:
Direction: v
Type: Other v

| Create vector: from
Frequency (MHz):

q Connect to matching selected ports

!

OK

] [ Cancel

\

Figure 15. Creating an output port

2-2-13. Similarly, create the output port naming it as LD3.

2-2-14. Connect the input port a of the xup_and2_1 instance to output port of the instance xup_inv_1.

www.xilinx.com/university
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2-2-15. Connect the output port of the xup_and2_0 to LD1 and xup_and2_1 to LD3. Click on the re-
draw button.

2-3.

2-3-1.

2-3-2.

2-3-3.

2-3-4.

The diagram will look similar to shown below.

SW1[ s

xup_and2_0

Sw2[_

SWO [

xup_inv_1

XUP 1-input INV

b Y

XUP 2-input AND

xup_and2_1

SW3[»

b

XUP 2-input AND

xup_inv_0
¥ LDO
XUP 1-input INV
[ LD1
Xup_or2_0
n ¥ LD2
XUP 2-input OR
[ LD3

Figure 16. Partially completed design

Complete the design including rest of the switches and LDs

Right-click on the canvas and create an input port SW4.

Similarly, create SW5, SW6, and SW7 as input ports, and LD4, LD5, LD6, and LD7 as output

ports.

Using wiring tool, connect SW4 to LD4, SW5to LD5, SW6to LD6, and SW7to LD7.

Click the re-draw button.

The design should look like as shown below.

xup_and2_0

SW1 [

SW2[

SWO [

Xup_inv_1

XUP 1-input INV

¥

b

XUP 2-input AND

SW3 [

xup_and2_1

SW4 [

b

XUP 2-input AND

SW5 [

SW6 [

SW7 [

xup_inv_0
a ¥ LDO
XUP 1-input INV
[ LD1
xup_or2_0
I ¥ LD2
XUP 2-input OR
[ LD3
[ 5 LD4
[ 5 LD5
[ 5 LD6
[ 5 LD7

Figure 17. The completed design

2-3-5. Select File > Save Block Design.
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Create HDL Wrapper and Add a Constraint File Step 3

3-1.

3-1-1.

3-1-2.

Create a HDL wrapper and analyze the hierarchy

In the sources view, Right Click on the block diagram file, design_1.bd, and select Create HDL
Wrapper to create the HDL wrapper file. When prompted, select Let Vivado manage wrapper
and auto-update, click OK.

In the Sources pane, expand the hierarchy.

Notice the design_1_wrapper file instantiates design_1 which in turn instantiates the inverter
twice, and2 twice, and or2 once.

Fa
*

Sources —
az=2e hE
—H Design Sources (1
= .w_e_?-.'. design_1_wrapper (design_1_wrapper.v) (1)
“J-, design_1_ - design_1 (cesign_1.bd) (1.
=@ design_1 (design_1.v) (5)

----- 4F xup_and2_0 - design_.l_xup_and2_0_0 (design_1_xup_and2_0_0.xci

E----Q){up_andz_l - design_1_xup_and2_0_1 (design_1_xup_and2_0_1.xci]

----- ALF xup_inv_0 - design_1_xup_inv_0_0 {design_1_xup_inv_0_0.xci’

----- LFxup_inv_1 - design_1_xup_inv_1_0 (design_1_xup_im

----- LFxup_or2_0 - design_1_xup_or2_0_0 (design_1_xup_orz_0_0.xci)
+H0 Constraints
=+ Simulation Sources (1)

- sim_1 (1

Figure 18. Hierarchical design

3-1-3. Double-click the design_1_wrapper.v entry to open the file in text mode and observe the
instantiation of the design_71 module.

3-1-4. Double-click the design_1.v entry to open the file in text mode and observe the instantiation of
the lower-level modules.

3-2. Add tutorial_nexys4.xdc (for Nexys4) or tutorial_basys3 (for Basys3)
constraints source and analyze the content.

3-2-1. Click on the Add Sources under the Project Manager group in the Flow Navigator window.

3-2-2. Select the Add or Create Constraints option and click Next.

3-2-3. Click Add Files... and browse to <2014_2 artix7_sources>\tutorial.

3-2-4. Select tutorial_nexys4.xdc (for Nexys4) or tutorial_basys3.xdc (for Basys3) and click OK.

3-2-5. Click Finish to close the window and add the constraints file in the project under the Constraints
group.

i‘ XILINX www.xilinx.com/university Vivado Tutorial IPI-11
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Sources — O ¢ =
A= ek RE

[ZH= Design Sources (1)
. @& design_1_wrapper (design_1_wrapper.v) (1)
=M= Constraints (1)

. [EHEconstrs_1 (1)

IR 0oL rese

(=M= Simulation Sources (1)
&= sim_1 (1)

Hierarchy | IP Sources | Libraries | Compile Order

£» Sources | El Design Hierarchy Signals

Figure 19. Constraints file added for Nexys4

Sources — 0O ¢ X
Q =2k R|E

[=H= Design Sources (1)

| i@ design_1_wrapper (design_1_wrapper.v) (1)

: (=, design_1_i - design_1 (design_1.bd) (1)
[ design_1 (design_1.v) (5)

E}v 7 Constraints (1)

. [ constrs_1 (1)

ikl utorial_basys3.xdc|
(= Simulation Sources (1)
=-E sim_1 (1)
=Hi@s% design_1_wrapper (design_1_wrapper.y) (1)
=4, design_1_i - design_1 (design_1.bd) (1)
(-4 design_1 (design_1.v) (5)

Figure 19. Constraints file added for Basys3

3-2-6. In the Sources pane, expand the Constraints folder and double-click the tutorial_nexys4.xdc or
tutorial_basys3.xdc entry to open the file in text mode.

3-2-7. Lines 2-15 define the pin locations of the input switches [6:0] and lines 17-30 define the pin
locations of the output LEDs [6:0]. The SW7 and LD7 are deliberately not defined so you can
learn how to enter them using other methods.

3-3. Perform RTL analysis on the source file.

3-3-1. Expand the Open Elaborated Design entry under the RTL Analysis tasks of the Flow Navigator
pane and click on Schematic.

3-3-2. Click Save if asked.

The model (design) will be elaborated and a logic view of the design is displayed.
3-3-3. Click on the + sign inside the block to see its content. Use the Zoom Full (:Oxa) button.
Vivado IPI Tutorial-12 www.xilinx.com/university i‘ XILINX
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design_1_i
-]
SWOo
—D
:w? g s xup_and2_0 — T tg?
ssz—‘ xup_inv_1 ‘ . ., —— [ »LDb2
:xi [ Sw2 g il a xup_inv_0 4Dtgj
SWs [ o— design_1_xup_inv_1_0 design_1_xup_and2_0_0 —— »Lbs
SW6 [ a ¥ D0 —T
SW7 [— xup_and2_1 design_1_xup_inv_0_0 ™ —{_»LD7
a Iy LD2
SW3 b )(Up_UI’Z_U L03
design_1_xup_and2_0_1
a Iy
b
design_1_xup_or2_0_0
S\W4| LD4
SWS5 LDS
SWE| LD6
SwW7 LD7
design_1
Figure 20. A logic view of the design
Notice that some of the switch inputs go through gates before being output to LEDs and the rest
go straight through to LEDs as modeled in the file.
3-4. Add I/O constraints for the missing LED and switch pins.
3-4-1.  Once RTL analysis is performed, another standard layout called the /O Planning is available.
Click on the drop-down button and select the /O Planning layout.
15 Default Layout -
29 Default Layout
1P Catalog
= /O Planning
55 Clock Planning
25 Floorplanning
25 Save As Mew Layout,.,
Feset Layout F5
Figure 21. I/0 Planning layout selection
Notice that the Package view is displayed in the Auxiliary View area, Device Constraints tab is
selected, and I/O ports tab is displayed in the Console View area. Also notice that design ports
(LD* and SW™) are listed in the I/O Ports tab with both having multiple I/O standards.
Move the mouse cursor over the Package view, highlighting different pins. Notice the pin site
number is shown at the bottom of the Vivado GUI, along with the pin type (User 1O, GND,
VCCO...) and the I/O bank it belongs to.
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Elaborated Design - xc7a100tcsg324 1 (active)
Device Constraints = O e
Q= 2 |EH@ X

- Internal VREF

=

1 0.6Y

1 0.675V

1 0.75V

1 0.9v

NONE (5)

o 1/0 Bank 14
= 1/0 Bank 15
#n /0 Bank 16
- 1{0 Bank 34
: 1A naml 2c

]

Drop /O banks on voltages or the "NONE" folder to
set/unset Internal VREF.

£ Sources | G2 RTL Netlisll & Device C.. |

Properties ="
« >

&l Properties Clock Regions

=

#i Package x| Device X |2 RTL Schematic X |*#IRTL Schematic(2) x| 4 P B O o X

1/O Ports =B
5| Hame Direction Meg Diff Pair ~ Site Fixed Bank /O Std Veoo  Vref  Drive Strength  Slew Typ
= - T
edq |I=HE All ports (16) o
e == Scalar ports (16) o
o LDO Output T8 el 34 LVCMOS33* ¥ 3.300 12 v SLOow
= <4 LD1 Output va | 34 LVCMOS33* ¥ 3.300 12 v SLOW
B LD2 Output R& || 34 LVCMO533* ~ 3.300 12 v SLOW
Pl - LD3 Output TG Id 34 LVCMOS33* > 3300 12 ~ 5LOW
e | <@ LD4 Output TS v | 34 LVCMO533* v 3.300 12 - SLOW
@ -4l LD5 Output T4 I 34 LVCMOS33* *  3.300 12 ~ 5LOW
o <l LD6 Output u7 ol 34 LVCMOS533* ¥ 3.300 12 v sLow |
-4 LD7 Output o default (LVCMOS18) ~ 1.800 12 ~ SLOW |
- SWO Input ua | 34 LVCMO533* v 3300
- SW1 Input ua || 34 LVCMOS33* > 3.300
- SW2 Input R7 v | 34 LVCMO533* ~ 3300
B SW3 Input R6 4 34 LVCMOS33* > 3.300
- SW4 Input R3 el 34 LVCMO533* ~  3.300
[ SWS Input v7 I 34 LVCMOS33* > 3.300
@ SW6 Tnput V6 ] 34 LVCMOS33* ~ 3.300
O SW7 Input default (LWCMOS18) ~ 1.800 b
4 I - =]

Figure 22. I/0 Planning layout view of Nexys4
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tutorial - [C:/xup/digital/2014_2_artix7_labs/tutorial/tutorial.xpr] - Vivado 2014.2 @E‘ﬁ
+ Edit Flow Tools Window Layout View Help
*H o RBXH DD XNOB XX @ ByoPlanming MP & 2 VK> Ready
w Navigator « | | Elaborated Design - xc7a35tcpg236-1 (active) X
= Sources ) AR
A =0
Project Manager N\ o = gl |E 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
! —H Design Sources (1 r
% R = @& design_1_wrapper (design_1 apper A
@7 Add Sources =} design_1_i - design_1 (des 1 B
1F 1P catalog +-@ design_1 1 c
=} Constraints (1 b
IP Integrator = constrs_1 (1
# Create Block 3 tutorial_basys3.xdc 4 E
3 =12 Simulation Sources (1 F
5~ Open Block [ - g 3
sim_1 (1 G
&3 Generate BIc @ design_1_wrapper (design_1 =
=) design_1_i - design_1 (des H
Simulation @ design_1 1 J
&3 Simulation S K
(@ Run Simulat| | = L
Hierarchy | IP Sources | Libraries | Compile Order
= M
RTL Analysis & Sources | i RTL Netlist | & Device Constraints N
Bl E] Elaborated C X
Source File Properties = E P
@ Report D
e + 5% R
[ Report N -
77 Schemat
U
Synthesis v

W

&3 Synthesis Se
# Run Synthes

@ Open Synth¢

3 Properties | @ Clock Regions

1/0 Ports — O X
Implementation a
@ Implemental | o Name - Direction Neg Diff Pair  Site Fixed Bank 1/0 std Vcco Vref Drive Strength  Slew Type  Pull Type
o |-} All ports (16
P> Run Implem = = Spcalar ports (16
¥ Open Impler | = < LDO Output u16 v 14 LVCMOS33* ~ 3.300 12 ~ SLow ~ NONE ¥
= < LD1 Output E19 4| 14 LVCMOS33* v 3.300 12 ~ SLow ~ NONE S
Program and Debug % < LD2 Output u19 v 14 LVCMOS33* v 3.300 12 ~ SLow ~ NONE v
@ Bitstream S¢ | < D3 Output vig V| 14 LVCMOS33* ~ 3300 12 ~ SLOW  ~ NONE v
¥ i E <4 LD4 Output wis V| 14 LVCMOS33 v 3.300 12 ~ SLow ~ NONE b
| Generate Bit | | <@ LDS Output uis V] 14 LVCMOS33* ~ 3.300 12 v SLOW ¥ NONE <
@ Open Hardw | ¥ < LD6 Output u14 v 14 LVCMOS33* ~ 3.300 12 v SLow ~ NONE ~
< L7 Output default (LVCMOS18) ~ 1.800 12 v SLow ~ NONE S
& Swo Input v17 V| 14 LVCMOS33* v 3.300 NONE b
2 swi Input V16 v/ 14 LVCMOS33* v 3.300 NONE 54
2 sw2 Input wi6 |v| 14 LVCMOS33* v 3.300 NONE b
2 sw3 Input w1z V| 14 LVCMOS33* ¥ 13.300 NONE S
& sw4 Input wis V| 14 LVCMOS33* v 3.300 NONE .
& SW5 Input V15 V| 14 LVCMOS33* ¥ 13.300 NONE i
2 SW6 Input w14 v 14 LVCMOS33* ~ 3.300 NONE v
D sw7 Input default (LVCMOS18) ~ 1.800 NONE S
« i} =
& Tcl Console Messages | [ Log | %) Reports | 3> Design Runs | > Package Pins. [-1/0 Ports
[~ =S | [P T R [T R | e N [ ey | N W -

Figure 22. I/0 Planning layout view of Basys3
3-4-2. Click under the //O Std column across the LD7 row and select LVCOMS33. This assigns the
LVCMOSS33 standard to the site.

=+ Al ports (16)
[= = Scalar ports (16)

-2 LDO Output T8 ] 34 LVCM0OS33=
-<{@ LD1 Output Vo V] 34 LVCM0OS33=
<@ LD2 Output R8 V] 34 LVCM0OS33=
<@ LD3 Output TG || 34 LVCMOS33™
-<d LD4 Output TS V] 34 LVCM0OS33=
@ LD5 Output T4 = 34 LVCMOS33™
<7 DG Output u7 v 34 LVCM0OS33*
2 S Y S IO S 1 CiOS 15
-br SWO Input U9 i 34 |LwcMoOs12 -
- B SW1 Input [0} o 34 |lvCMOS15
npu -
-~ SW4 Tnput R5 [ 34 [LVCMOS2S |2
- SW5 Tnput vi W ryLVCMOS33
~[r SW6 Input V6 ] 34 |LVTTL
D SW7 Tnput MOBILE_DDR .

Figure 23. Assigning I/O standard to Nexys4
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Name Direction MNeg Diff Pair Site Fixed Bank 1/0 Std Veoco
=+ All ports (16)
Scalar ports (16) —

-4 LDO Output ule dl 14 LVCMOS33* * 3.300
-4 LD1 Output E19 o 14 LVCMOS33* ¥ 3.300
-4l LD2 Output u19 i 14 LVCMOS33* ¥ 3.300
-4 LD3 Output V19 A 14 LVCMDS33* ¥ 3.300
-l LD4 Output Wwis dl 14 LVCMOS33* v 3.300
-4 LD5 Output U1s i 14 LVCMOS33* > 3300
-4 LD6 Output Ui4 v 14 LVCMOS33* * 3.300

T A T 1.800] |
- SWO0 Input Vi7 i 14 |HsuL_12 ~ 3.300
- SW1 Input V16 _\L 14 LVCMOS12 ¥ 3.300
- SW2 Input W16 A 14 LveMosis = T 3.300
M- SW3 Input w7z |V 14 ¥ 3.300
B SW4 Input W13 i 14 * 3.300
- SW5 Input vis [ 14 [[VEMOS25 | . 3 3g9
- SW6 Input wis [V 14 |LVCMOS33 ~ 3.300
-Or SW7 Input default (LVC... ~ 1.800

Figure 23. Assigning I/O standard to Basys3

3-4-3. Similarly, click under the Site column acrossLD7 row to see a drop-down box appear. Type U (for
Nexys4) or V (for Basys3) in the field to jump to Uxx or Vxx pins, scroll-down until you see U6
(Nexys4) or V14 (Basys3) , select U6 (Nexys4) or V14 (Bsys3) and hit the Enter key to assign the
pin.

3-4-4. You can also assign the pin constraints using tcl commands. Type in the following two
commands in the Tcl Console tab to assign the V5 (Nexys4) or W13 (Basys3) pin location and
the LVCSMOS33 I/O standard to SW7 hitting the Enter key after each command.

Nexys4:
set_property package_pin V5 [get_ports SW7]
set_property iostandard LVCMOSS33 [get_ports [list SW7]]
Basys3:
set_property package _pin W13 [get_ports SW7]
set_property iostandard LVCMOSS33 [get_ports [list SW7]]
Observe the pin and I/O standard assignments in the 1/O Ports tab.You can also assign the pin by
selecting its entry (SW7) in the I/O ports tab, and dragging it to the Package view, and placing it
at the V5 (Nexys4) or W13 (Basys3) location. You can assign the LVCMOS33 standard by
selecting its entry (SW?7), selecting Configure tab of the I/O Port Properties window, followed by
clicking the drop-down button of the I/O standard field, and selecting LVCMOS33.
1/O Port Properties [ i I E
+« 5
i SW7
1/0 standard: | LVCMOS33 A
Drive strength: -
Slew type: -
Pull type: NOME -
In Term type: v
General | Properties | Configure
= Properties Clock Reaions
Figure 24. Assigning I/O standard through the I/0O Port Properties form
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3-4-5.

3-4-6.

Select File > Save Constraints and click OK to save the constraints in the tutorial_nexys4.xdc
or tutorial_basys3.xdc file.

Click OK to update the existing constraint file.

Note that the constraints are updated in the tutorial.xdc file under the tutorial project directory and
not under the sources directory.

Simulate the Design using the XSim Simulator Step 4
4-1. Add the tutorial_tb.v testbench file.
4-1-1. Click Add Sources under the Project Manager tasks of the Flow Navigator pane.
4-1-2. Select the Add or Create Simulation Sources option and click Next.
4-1-3. Inthe Add Sources Files form, click the Add Files... button.
4-1-4. Browse to the <2014_2_artix7_labs>\tutorial folder and select tutorial_tb.v and click OK.
4-1-5. Click Finish.
4-1-6. Select the Sources tab and expand the Simulation Sources group.
The tutorial_tb.v file is added under the Simulation Sources group, and system_wrapper_1.v is
automatically placed in its hierarchy as a tut1 instance.
Sources — O ¢ =
A= wel RE
—H Design Sources (1]
. -#E % design_1_wrapper (design_1_wrapper.v) (1]
+}- Constraints (1
=M Simulation Sources (1,
=& sim_1 (1)
| =48 tutorial_tb (tutorial th.v) (1) |
+-¥8 tutl - design_1_wrapper (design_1_wrapper.v) (1]
Hierarchy | IP Sources | Libraries | Compile Order
£h Sources | 7 Templates
Figure 25. Simulation Sources hierarchy
4-1-7. Using the Windows Explorer, verify that the sim_1 directory is created at the same level as
constrs_1 and sources_1 directories under the tutorial.srcs directory, and that a copy of
tutorial_tb.v is placed under tutorial.srcs > sim_1 > imports > tutorial.
4-1-8. Double-click on the tutorial_tb in the Sources pane to view its contents.
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C:xup/digital/tutorial/tutorial.srcs/sim_1/imports/tutorial/tutorial_tb.v

1 "timescale lns / lps

2

3 Module Name: tutorial tk

5 module tutorial_ tb(

& ):

7 reg [7:0] switches;

5] wire [7:0] leds;

9 reg [7:0] e led:

10 integer i;

ala design 1 wrapper tutl(

L 1D0 (leds[0]),

13 .LD1(leds[1]),

14 1D2 (leds[2]),

15 LD3(leds[3]),

1léa .1D4 (leds[4]),

17 .LDS (leds [5]),

18 1D&(1leds[6]),

19 LD7(leds[7]),

20 .5SWO {switches[0]),

21 .SHWl(switches[1]),

22 .5W2 (switches[2]),

23 .SHW3(switches[3]),

24 .5W4 (switches[4]),

25 .SWS (switches[5]),

24 .SW& (switches[&]),

27 .SH7 (switches[7])):

28

29 function [7:0] expected led;

30 input [T:0] swt;

=5 begin

32 expected_led[0] = ~awt[0];

33 expected led([l] = swt[l] & ~3wt[2]:
34 expected_led[3] = awt[2] & swt[3]:
35 expected led[2] = expected led[l] | expected led[3]:
3a expected_led[7:4] = swt[T7:4];

37 end

38 endfunction

39

40 initial

41 begin

42 for (i=0; i < 255; i=i+2)

43 begin

44 #50 switches=i;

45 #10 e _led = expected led(switches):
44 if{leds = e_led)

47 Sdisplay ("LED output matched at", $time):
45 else

43 $display ("LED output mis-matched at ", $time,": expected: &b, actual: &b", e_led, leds):
50 end

51 end

52

53 endmodule

Figure 26. The self-checking testbench

The testbench defines the simulation step size and the resolution in line 1. The testbench module
definition begins on line 5. Line 11 instantiates the DUT (device/module under test). Lines 29
through 38 define the same module functionality for the expected value computation. Lines 40
through 51 define the stimuli generation and compares the expected output with what the DUT
provides. Line 53 ends the testbench. The $display task will print the message in the simulator
console window when the simulation is run.
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4-2.

4-2-1.

4-2-2,

4-2-3.

Simulate the design for 200 ns using the XSim simulator.

Select Simulation Settings under the Project Manager tasks of the Flow Navigator pane.

A Project Settings form will appear showing the Simulation properties form.

Select the Simulation tab, and set the Simulation Run Time value to 200 ns and click OK.

Click on Run Simulation > Run Behavioral Simulation under the Project Manager tasks of the

Flow Navigator pane.

The testbench and source files will be compiled and the XSim simulator will be run (assuming no

errors). You will see a simulator output similar to the one shown below.

Behavioral Simulation - Functional - sim_1 - tutorial_tb

Scopes N E

AZE@eEHGE@REwE

* Objects [ RNE @ design_1_wrapper.v X | @ tutorial_tb.v x EE Untitled 1 x

o, e 8e

Name Design Unit Block Type Name Value Data
“th " Jrutorial_th VEGRU| |+ % switches[7:0] 00000100  Array
design_1_wr... Verilog Mo...| |+ 5 leds[7:0] 00000001 Array
glbl Verilog Mo... | |+ % e_led[7:0] 00000001 Array
H 2 i[31:0] 6 Array

< ] =

% Scope | & Sources

Source File Properties — OPE
Rk
4 tutorial_th
Name: [tutorial_tb

Design unit: tutorial_tb
Block type:  Verilog Module

File: C:/xup/digital/tutorial/tutorial.sres/sir _
4 AN G < il »
Tcl Console
o Built simulation smapshot tutorial_tb_behav
e INFQO: [Runs 36-26] xelab completed.
i INFO: [Vivado 12-1390] ### Bunning xsim
il
&Fll |vivado Simulator 2014.2
nY Time resolution is 1 p3
—| |LED output matched at &0
X LED output matched at 120
LED output matched at 180
Xoim: Time (3] cpu = 00:00:05 ; clapsed = 00:00:00 . Memory (MB): peak = 971.543 ;

INFQ: [Viwado 12-1395] XSim completed. Design snapshot 'tutorial_tb_behavw' loaded.
INFQ: [Vivado 12-3703] XSim simulation ran for 200ns

launch _xsim: Time (s): cpu = 00:00:06 ; elapsed = 00:00:11 . Memory (MB): peak = 971.543 ;

<

i}

with args "tutorial_tb_behav —key {Behfvioral:sim_1:Functional:tutorial_tb} —tclbatch {tutorial_tb.tcl) —log {tutorial_tb_behav.log]”

1]

2 Td Console Messages | [ Log

Figure 27. Simulator output

You will see four main views: (i) Scopes, where the testbench hierarchy as well as glbl instances
are displayed, (ii) Objects, where top-level signals are displayed, (iii) the waveform window, and
(iv) Tcl Console where the simulation activities are displayed. Notice that since the testbench

used is self-checking, the results are displayed as the simulation is run.

Notice that the tutorial.sim directory is created under the tutorial directory, along with several

lower-level directories.
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4 tutorial & MName
tutorial.cache o
¥sim.dir
tutorial.data
o ] <.l compile
tutorial.ioplanning )
o compile
4 tutorial.sim _
] 7| tutorial_tb
4 sim_1 _
J tutorial_tb
4 behav
- - tutorial_tb_behav
¥sim.dir

] tutorial_tb_behav.wdb
tutorial.srcs

xelab
tutorial_1
xelab.pb
embedded )
3+ usim

Coale

Figure 28. Directory structure after running behavioral simulation

4-2-4, Click on the Zoom Fit button (:“‘*: ) located left of the waveform window to see the entire
waveform.
Notice that the output changes when the input changes.
You can also float the simulation waveform window by clicking on the Float button on the upper
right hand side of the view. This will allow you to have a wider window to view the simulation
waveforms. To reintegrate the floating window back into the GUI, simply click on the Dock
Window button.
O =
89 n= . -
Figure 29. Float Button
— @ ol X
I
Figure 30. Dock Window Button

4-3. Change display format if desired.

4-3-1. Select i[31:0] in the waveform window, right-click, select Radix, and then select Unsigned
Decimal to view the for-loop index in integer form. Similarly, change the radix of switches[7:0] to
Hexadecimal. Leave the leds[7:0] and e_led[7:0] radix to binary as we want to see each output
bit.

4-4. Add more signals to monitor lower-level signals and continue to run the
simulation for 500 ns.

4-4-1. Expand the tutorial_tb instance, if necessary, in the Scopes window and select the tut1 instance.
The SW* (7 to 0)] and LD* (7 to 0) signals will be displayed in the Objects window.
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Scopes e [ 2 Objects e [ A
AIS|WIEHGEIETwG o e 16118

Name Design Unit Block Type Name Value Data 1

— 9 tutorial_th tutorial_tb Verilog Mo... || | i LDO 1 Lagic

o B P orr ldesign_1_wr...|verilog Mo... |RES REvH 0 Logic

~ @ glbl glbl Verilog Mo... || | cfi LD2 0 Logic

~h D3 0 Logic

it LD4 0 Logic

~ U LDS 0 Logic

- LDG 0 Logic

-l LD7 0 Logic

1 SWO 0 Logic

=y swi1 0 Logic

< 1] (= : Lng?c

- : 0 Logic

= Scope | £ Sources i1 SW4 0 Logic

=y SW5 0 Logic

Simulation Scope Properties ] i SWe i Logic

& = %l5 -t SW7 0 Logic

Figure 31. Selecting lower-level signals

4-4-2. Select SW* and LD* and drag them into the waveform window to monitor those lower-level
signals.

4-4-3. On the simulator tool buttons ribbon bar, type 500 in the time window, click on the drop-down
button of the units field and select ns, and click on the ( Pi"') button.

The simulation will run for an additional 500 ns.

4-4-4. Click on the Zoom Fit button and observe the output.

Z00 ns=s 400 ns 00 n=s

s LDO
s LD1
s LD2
s LD3
s LD4
g LD5
s LD6
g LD7
L SWO
I SW1
SW2
SW3
SwW4

‘__—_
— ]

]
]
]
—--—-
— ]

]
]
]

Figure 32. Running simulation for additional 500 ns
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4-4-5. Close the simulator by selecting File > Close Simulation.

4-4-6. Click OK and then click No to close it without saving the waveform.

Synthesize the Design Step 5

5-1. Synthesize the design with the Vivado synthesis tool and analyze the
Project Summary output.

5-1-1. Click on Run Synthesis under the Synthesis tasks of the Flow Navigator pane.
The synthesis process will be run on the tutorial.v file (and all its hierarchical files if they exist).

When the process is completed a Synthesis Completed dialog box with three options will be
displayed.

5-1-2. Select the Open Synthesized Design option and click OK as we want to look at the synthesis
output before progressing to the implementation stage.

Click Yes to close the elaborated design if the dialog box is displayed.

5-1-3. Select the Project Summary tab (Select default layout if the tab is not visible) and understand
the various windows.

Froject Summary — 0O a x
=
=a| Project Settings Edit %
=
| Project name: tutorial

Product family: Artix-7

Project part: ¥c7al100tcsg324-1

Top module name: design 1 wrapper

Synthesis #  Implementation 2
Status:  +/ Complete Status: =» Not started Implementation
Messages: (& 1 warnin i Messages: No errors or warnings  not started

q 1 warning yninesis
Part: %C7al00tcsg324-1 Comp|eted Part: ¥C7al00tcsg324-1
Strategy:  Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults

Incremental Compile: None

DRC Violations # | Timing S

DRC information is not available because it hasn't been run Timing information is not available because it hasn't been run

utilization - Post-Synthesis % Power 2
LUT q 1%
1/o B%
2:5 5‘0 7:5 160 ' Power information is not available because it hasn't been run
Estimated Utilization (%)
Utilization shown in a Graph form
Graph | Table Utilization can be viewed in a Table form

Post-Synthesis | Post-Implementation

Figure 33. Project Summary view

Click on the various links to see what information they provide and which allows you to change
the synthesis settings.
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5-1-4. Click on the Table tab in the Project Summary tab.

Notice that there are an estimated five LUTs and 16 IOs (8 input and 8 output) that are used.

Resource Estimation  Awvailable Utilization...

LuT 5 63400 0.01
o 16 210 7.62
Graph | Table

Figure 34. Resource utilization estimation summary for Nexys4
Utilization - Post-Synthesis

Resource Estimation  Available Utilization...

LuT 3 20800 0.02
o 16 106 15.09
Graph Table

Figure 34. Resource utilization estimation summary for Basys3

5-1-5. Click on Schematic under the Open Synthesized Design tasks of Synthesis tasks of the Flow
Navigator pane to view the synthesized design in a schematic view.

SWO_IBUF_inst LDO_OBUF_inst
SWo [ 1[}0 1[}0 5 LDO
E%JIF_[EIUFJ net EE?E_FOBUF_inst
SWi[> 1[}0 | _ 1[}0 b1
IBUF design_1_i OBUF
1 rSi‘uEa[BUF_i nst . o 1 rLEi_gE-UF_inst
sw2 [ > LIEUF - = LE:EDF »LD2
: ETEIBUF_i nst gﬁ tgi : |E‘Eai_é‘nEtUF_inst
sw3[ > LfEJF - =~ LEJEDF [ »LD3
: 5W46[BUF_i nst gﬁ: tg: : |EE;%:_‘C{):JEtUF_ins.t
SW4 [ %F >~ = = [ LD4
SW5_IBUF_inst design_1 LD5_OBUF_inst
sws [— >3 =2 [yLDS
é?v‘bjg_[EIUF_i nst EE?EL:J_FOBUF_inst
SW6 [ 1[}0 1[}0 D6
é?nnw_[BUF_i nst EE??U_FDBUF_inst
sw7 =2 = [yLD7
IBUF DBUF

Figure 35. Synthesized design’s schematic view

Notice that IBUF and OBUF are automatically instantiated (added) to the design as the input and
output are buffered.
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5-1-6. Click on the + sign within the design 1 block to see the underlying logic.

5-1-7. Click on the + sign of each of the lower-level blocks to see their implementation.

design_1
= a
sz sup_and2 0
aup_inv_1
= y INST O
) vy INST_ O = up_inv_0
L a — b |-
] i1 ]
T1 ] y_INST_O
a I ra—
design_1_xup_inv_1 design_1_xup_andZ 0 0 |
LTl
wup_and2_1 design_1_xup_mw_0 0
]
y_INST_O
5] sap_or2_
w3 Hl |
] y INST O

o

design_1_»up_andZ 0 1

=4

1
3 |

LJ
design_1_xup_ord_0_0

NS

SWe

ST

design_1

Figure 36. Lower-level logic

The logical gates are implemented in LUTs (1 input is listed as LUT1 and 2 input is listed as
LUT2). Five blocks in RTL analysis output are mapped into five LUTs in the synthesized output.

Using the Windows Explorer, verify that tutorial.runs directory is created under tutorial. Under
the runs directory, synth_1 directory is created which holds several temporary sub-directories.

4 tutorial
tutorial.cache
tutorial.data
tutorial.ioplanning

4 tutorial.runs
Jobs
4 synth_1
Xil
4 tutorial.sim
4 sim_1
4 behav
¥sim.dir

tutorial.sres

Figure 37. Directory structure after synthesizing the design
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Implement the Design Step 6

6-1.

6-1-2.

6-1-4.

Implement the design with the Vivado Implementation Defaults (Vivado
Implementation 2014) settings and analyze the Project Summary output.

Click on Run Implementation under the Implementation tasks of the Flow Navigator pane.

The implementation process will be run on the synthesis output files. When the process is
completed an Implementation Completed dialog box with three options will be displayed.

Select Open implemented design and click OK as we want to look at the implemented design in
a Device view tab.

Click Yes to close the synthesized design.

The implemented design will be opened.

In the Netlist pane, select one of the nets (e.g. n_0_design_1_i) and notice that the displayed net.

Netlist — 0O 2 =
= |E

41 design_1_wrapper -
=} Nets (32)

ol LDO

ol LD1

<ol LD2

-l LD3

ol LD4

ol LD

ol LDG

ol LD7

.

-l n_1_design_1_i
I n_2_design_1_i
oI n_3_design_1_i -
./ n_4_design_1_i =
&4 Sources . 1] Netlist

Figure 38: Selecting a net

11

4 [[1] 3

Figure 39. Viewing implemented design for Nexys4
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Z Project Summary X | & Device x |3 tutorial_basys3.xdc X

4 i 3

Figure 39. Viewing implemented design for Basys3

6-1-5. Close the implemented design view and select the Project Summary tab (you may have to
change to the Default Layout view) and observe the results.

Notice that the actual resource utilization is three LUTs and 16 10s. Also, it indicates that no
timing constraints were defined for this design (since the design is combinatorial). Select the
Post-implementation tabs under the Timing and Utilization windows.

6-1-6. Using the Windows Explorer, verify that impl_1 directory is created at the same level as synth_1
under the tutorial.runs directory. The impl_1 directory contains several files including the report
files.

6-1-7. Select the Reports tab, and double-click on the Utilization Report entry under the Place Design
section. The report will be displayed in the auxiliary view pane showing resources utilization.

Note that since the design is combinatorial no registers are used.

Perform Timing Simulation Step 7

7-1.  Run a timing simulation.

7-1-1.  Select Run Simulation > Run Post-Implementation Timing Simulation process under the
Simulation tasks of the Flow Navigator pane.

The XSim simulator will be launched using the implemented design and the tutorial_tb as the
top-level module.
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Using the Windows Explorer, verify that timing directory is created under the tutorial.sim >
sim_1 > impl directory. The timing directory contains generated files to run the timing simulation.

7-1-2. Click on the Zoom Fit button to see the waveform window from 0 to 200 ns.

7-1-3. Right-click at 50 ns (where the switch input is set to 0000000b) and select Markers > Add
Marker.

7-1-4. Similarly, right-click and add a marker at around 55.000 ns where the leds changes.

7-1-5. You can also add a marker by clicking on the Add Marker button ({g‘r ). Click on the Add Marker
button and left-click at around 60 ns where e_led changes.

_led[7
-5 i[31:0]

Figure 40. Timing simulation output
Notice that we monitored the expected led output at 10 ns after the input is changed (see the
testbench) whereas the actual delay is about 5.000 ns.

7-1-6. Close the simulator by selecting File > Close Simulation without saving any changes.

Generate the Bitstream and Verify Functionality Step 8

8-1. Connect the board and power it ON. Generate the bitstream, open a
hardware session, and program the FPGA.

8-1-1. Click on the Generate Bitstream entry under the Program and Debug tasks of the Flow
Navigator pane.
The bitstream generation process will be run on the implemented design. When the process is
completed a Bitstream Generation Completed dialog box with three options will be displayed.
This process will have design_1_wrapper.bit file generated under impl_1 directory which was
generated under the tutorial.runs directory.

8-1-2. Make sure that the power supply source is jumper to USB and the provided Micro-USB cable is
connected between the board and the PC.
Note that you do not need to connect the power jack and the board can be powered and
configured via USB alone
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Figure 41. Board settings for Basys3
8-1-3. Power ON the switch on the board.

8-1-4. Select the Open Hardware Manager option and click OK.

The Hardware Session window will open indicating “unconnected” status.

8-1-5. Click on the Open a new hardware target link.

You can also click on the Open Recent Hardware Target link if the board was already targeted
before.

| Hardware Manager - unconnected

(i Mo hardware target is open. Open recent target !Dnen a new hardware taruetl

Hardware S i K Debug Probes |
e Z=E>»»NH QI F|E
Figure 42. Opening new hardware target

8-1-6. Click Next to see the Vivado CSE Server Name form.

8-1-7. Click Next with the localhost port selected.

The JTAG cable will be searched and the Xilinx_tcf should be detected and identified as e
hardware target. It will also show the hardware devices detected in the chain.
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¢~ Open New Hardware Target

Select Hardware Target

Select a hardware target from the list of available targets, then set the appropriate JTAG ‘
clock (TCK) frequency. If you do not see the expected devices, decrease the frequency or

Hardware Targets
Type Port Name JTAG Clock Frequency

[ xilinx_tcf|  |Digilent/210274552467A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)

Name ID Code IR Length
@ xc7a100t_0 13631093 6

VCSE server: localhost:60001
Hardware server: localhost:3121

[ < Back ]ngext> i Finish

Figure 43. New hardware target detection for Nexys4

ﬁ; Cpen Mew Hardware Target

Select Hardware Target

Select a hardware target From the list of available targets, then set the appropriate JTAG clock (TCK)
frequency. If vou do naot see the expected devices, decrease the Frequency or select a different target,

Hardware Targets

Type Part Marnne 1TAG Clock Frequency

fl  |piglent/zi0

Hardware Devices (for unknown devices, specify the Inskruction Register (IR) length)

Marne 1D Code IR Length
@ xc7a35t_0 03620095 6

WICSE server: localhost:a0001

Hardware server: localhost: 3121

l < Back ]

bext = §  Finish :

Figure 44. New hardware target detection for Basys3
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8-1-8. Click Next and Finish.

The Hardware Session status changes from Unconnected to the server name and the device is
highlighted. Also notice that the Status indicates that it is not programmed.

Hardware — 0O e =
o =E v»E

MName Status

=+ localhost (1) Connected

=B xiline_tcf/Digi

& XADC (System Manitor)

Figure 45. Opened hardware session for Nexys4

Hardware — O v x
o T eE

Mame Status

= § lacalhaost (1) Connected

& xiling_teFiDigilentf21018356410, Open

Figure 45. Opened hardware session for Basys3

8-1-9. Select the device and verify that the design_1_wrapper.bit is selected as the programming file in
the General tab.

Hardware e [
aZ=ErrE
Name Status
=B localhost (1) Connected
=B xilink_tcf/Digilent/210274552467A (1) Open
Hardware Device Properties =
« » B[R]
@ xc7a100t_0
MName: xc7alo0t_0
Fart: ®C7/al00t
ID code: 13631003
IR length: 6
Status: Not programmed

Programming file: |C:,"xup,"digital,"tutorial,"tutor\aI.runs,"impl_l,"design_l_wrapper.bil E]

Probes file: C:/xup/digital/tutorial/tutorial.runs/impl_1/debug_nets.ltx E]

User chain count: 4

[_General. Properties |

Figure 46. Programming file for Nexys4
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8-1-10.

8-1-11.

8-1-12.

8-1-13.

8-1-14.

8-1-15.

8-1-16

Hardware i T A
azzErrm
Name Status
=B localhost (1) Connected
ilinx_tcf/Digilent/210183598515A "1‘0 en

Hardware Device Properties =EERE
+ » Bk
& xc7a35t_0

xc7a35t 0

xc7a3st

0362D093

6

Not programmed
fi\e:|C:fxupfdigita\f2Dl4_2_artix7_\absftuturia\ftutoriaI.runsfimpI_1fdesign_l_\.-.rrapper.bit |[]

C:/xup/digital/2014_2_artix7_labs/tutorial/tutorial.runs/impl_1/debug_nets.lb D
unt: 4
« (i =

General | Properties

Figure 46. Programming file for Basys3
Right-click on the device and select Program Device... to program the target FPGA device.

Click Program to program the FPGA with the selected bitstream.

The DONE light will lit when the device is programmed. You may see some LEDs lit depending
on the switches position.

Verify the functionality by flipping switches and observing the output on the LEDs.
Close the hardware session by selecting File > Close Hardware Manager.

Click OK to close the session.

Power OFF the board.

Close the Vivado program by selecting File > Exit and click OK.

Conclusion

The Vivado software tool can be used to perform a complete design flow. The project was created using
the XUP IP library (IPI blocks and user constraint file). A behavioral simulation was done to verify the
model functionality. The model was then synthesized, implemented, and a bitstream was generated. The
timing simulation was run on the implemented design using the same testbench. The functionality was
verified in hardware using the generated bitstream.
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