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BEYOND THEORY www.digilentinc.com

Nexys4™ FPGA Board Reference Manual

| | |
> > The Nexys4 board is a complete, ready-to-use digital
l g I e n l n C - C O I I I r O u C S circuit development platform based on the latest Artix-7™
Field Programmable Gate Array (FPGA) from Xilinx. With
its large, high-capacity FPGA (Xilinx part number

XC7A100T-1CSG324C), generous external memories, and
% collection of USB, Ethernet, and other ports, the Nexys4
can host designs ranging from introductory combinational

circuits to powerful embedded processors. Several built-in
peripherals, including an accelerometer, temperature
sensor, MEMs digital microphone, a speaker amplifier,
and a lot of I/O devices allow the Nexys4 to be used for a

wide range of designs without needing any other
components.

\\ 7
I \
J: l J The Artix-7 FPGA is optimized for high performance logic, and offers more capacity, higher performance,

and more resources than earlier designs. Artix-7 100T features include:

e 15,850 logic slices, each with four 6-input LUTs and 8 flip-flops
e 4,860 Kbits of fast block RAM

e Six clock management tiles, each with phase-locked loop (PLL)
e 240 DSP slices

=\ —\\ W /v~ \\ il e Internal clock speeds exceeding 450MHz
§ L \ % / \ 4 Fﬁ $ C =ﬁ HH e On-chip analog-to-digital converter (XADC)
), D C J A é: = AN

The Nexys4 also offers an improved collection of ports and peripherals, including:

Imilu

e 16 user switches e 16 user LEDs e Two 4-digit 7-segment displays
e USB-UART Bridge e Two tri-color LEDs e Micro SD card connector
e 12-bit VGA output e PWM audio output e PDM microphone
e 3-axis accelerometer e Temperature sensor e 10/100 Ethernet PHY
e 16Mbyte CellularRAM e Serial Flash e Four Pmod ports
e Pmod for XADC signals e Digilent USB-JTAG port for e USB HID Host for mice,
FPGA programming and keyboards and memory sticks

communication

. Copyright Digilent, Inc. All rights reserved. _
DOC#:502-274 Other product and company names mentioned may be trademarks of their respective owners. Page 10f 29
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+ Project Settings — Synthesis —

Flatten Hierarchy

« Full #elcorEDIicd b

+ None: B&,

B Z 5T

DICHERF

+ Rebuilt: Flatten U7z & ICT1ETT

« Rebuilt (8@ {LICEZZ L R LN

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings
Project
IP Defaults
Source File
Display
WebTalk
Help
> Text Editor
3rd Party Simulators
> Colors
Selection Rules
Shortcuts
> Strategies
> Remote Hosts
> Window Behavior

N\ Settings

Synthesis
Specify various settings associated to Synthesis ‘

Constraints

Default constraint set: | @ constrs_1 (active v

Report Options

Strateqgy: A Vivado Synthesis Default Reports (Vivado Synthesis 2017) v
Options
Strateqy: A Vivado Synthesis Defaults (Vivado Synthesis 2017) -
Description: Vivado Synthesis Defaults
v Synth Design {vivado)
tcl.pre -]
tcl.post -]
flatten_hierarchy rebuilt
-gated_clock_conversion full
buf none
U9 rebuilt
fanout_limit 10,000
-directive Default v
-retiming
-fsm_extraction auto v
-keep_equivalent_registers
-resource sharing auto v v
-flatten_hierarchy
Flatten hierarchy during LUT mapping.
“ Cancel Apply Restore...
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LED < %< %

=alb—

v SIMULATION

Run Simulation

s Run Behavioral Simulation
v RTL ANALYSIS
Run Post-Synthesis Functional Simulation
> Open Elak o : :

Run Post-Synthesis Timing Simulation

v SYNTHESIS
P Run Svntheses

module led kurukuru
( input CLK, RST, output reg [7:0] LED );
parameter CounterBits = 24,

reg [(CounterBits-1):0] CNT;
wire STROBE = &CNT;

always @ (posedge CLK) begin
if (RST) begin
CNT <= 0;
LED <= 8'b1000 _0000;
end else begin
CNT <= CNT+1:
if (STROBE)
LED <= {LED[@Q], LED[7:1]};
end
end
endmodule // led_kurukuru

26
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JTAG (Joint Test Action Group)

IEEE 1149.1-1990 Standard Test Access Port and Boundary-Scan
Architecture
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xH

“timescale 1ns / 1ps

module top( input CLK, input RST, input BTN,
output reg LED );

reg [7:0] CNT;

* ) {\9 \/ é_’_ j'J '7 \/97'5 H’@@Eﬁ always @ (posedge CLK) begin

LED <= BTN;




ILA SRk (1)

000 |X| project_1 - [fhome/osana/work/reconf-class/lab-ila/project_1/project_1.xpr] - Vivado 2017.3
File Edit Flow Tools Window Layout View Help ‘ Q- Quick Access Synthesis and Implementation Qut-of-date details «£
@ « » B B X P> W & 2 X & X 25 Default Layout v
Flow Navigator PROJECT MANAGER - project_1 ? X

v PROJECT MANAGER ’ '
Sources ? 00 X Project Summary xl IP Catalog x 200
£¢ Settings
Q X 2 4+ A oo o ] Cores | Interfaces

Add Sources

v = Design Sources (1)

ARARAAE- N HES o
v @& top (top.v) (1) _

Name '__I =
1P Catalog @ ila_inst : xil_defaultlib.ila_0 ""-L": 4o Repost ~D AXI4 St‘,\
v = Constraints (1) v vivado Repository

v

. constrs_1 (1)

M4
I

Language Templates

Al
v IP INTEGRATOR Alliance Partners

Create Block Design top.xdc
> . Simulation Sources (1)

Automotive & Industrial

v

AXI Infrastructure
AXIS Infrastructure
BaselP

Basic Elements

v

Open Block Design

Generate Block Design | frmssmemem e oo

Hierarchy Libraries Compile Order

Properties

Communication & Networking
Debug & Verification
- Digital Signal Processing

SIMULATION

Run Simulation

vV V V V V V V VvV VvV

RTL ANALYSIS < SE—

> Open Elaborated Design Details

SYNTHESIS Select an object to see properties
P Run Synthesis Select an IP or Interface or Repository to see details

> Open Synthesized Design

IMPLEMENTATION Tcl Console |Messages |Log ’Reports Design Runs  IP Status

P Run Implementation )
© Report is out of date because the status of one or more IPs have changed. Rerun

> Open Implemented Design

Q = =& C v/ Major Change (1) Hide All

PROGRAM AND DEBUG Source File | | 1 Recommendation Change Log IP Name Current Version Recommended Version License Curre

ila 0 [ ] i i i ILA (Integrated Logic Analyzer) 5.0 (Rev. 1 6.2 (Rev. 4 xc7al
“ Generate Bitstream I ila_ | IP major version change Upgrade IP More info (Integ g lyzer) ( ) ( ) Included

> Open Hardware Manager

Upgrade Selected ]

SimTime: 1 us



ILA Z£Rk (2)

+ Debug & Verification

IMPLEMENTATION

» Run Implementation

> Open Implemented Design

PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

Tcl Console | Messages ’ Log ‘ Reports

00O [X| project_1 - [fhome/osana/work/reconf-class/lab-ila/project_1/project_1.xpr] - Vivado 2017.3
File Edit Flow Tools Window Layout View Help i Q- Quick Access Synthesis and Implementation Out-of-date details £
B « » B B X P i & 2 %X 2 ¥ 83 pefault Layout v
A A
Flow Navigator -2 A8 PROJECT MANAGER - project_1 ? X
v PROJECT MANAGER ' ‘ -
Sources ? 00X Project Summary x| IP Catalog x top.v x 200
£# Settings
Q = £ + ®o & Cores | Interfaces
Add Sources
v . Design Sources (1) x| a o) v
Language Templates g ( = S |F 4or P E 0, Q L
- > @& top (top.v) (1) L
" IP Catalog v = Constraints (1) Hame S . 2
G i A
v = constrs_1 (1) ? asic Elements N
= . i
v IP INTEGRATOR top.xdc > Communlcatl.o.n &'Netwo ing
Create Block Design > = Simulation Sources (1) v [= Debug & Verification
v = Debug
Open Block Design 4F Debug Bridge Prc
Generate Block Design | froommoeme e I 4F ILA (Integrated Logic Analyzer) AX14, AXI4-Stream  Prc
Hierarchy Libraries Compile Order 4= JTAG to AXI Master AXI4 Prc
v SIMULATION , ! 4F System ILA AXI4, AXI4-Stream  Prc
Run Simulation ¥ Properties ? 00X 4F V0 (Virtual Input/Output) Prc
% ILA (Integrated Logic Analyzer) - o O 4 Simulation Clock Generator Prc_
X = =
RTL ANALYSIS Version: 6.2 (Rev. 4)
> Open Elaborated Design Interfaces:  AXI4, AXI4-Stream Details
Description: The Iptegrated Logic Analyzer (ILa) Name: ILA (Integrated Logic Analyzer)
SYNTHESIS core is a customizable logic analyzer _
core that can be used to monitor any Version: 6.2 (Rev. 4)
P Run Synthesis interr)al signal of your design. The ILA Interfaces: AXI4, AX|4-Stream
core includes many advanced features
> Open Synthesized Design of modern logic analyzers, including Description: The Integrated Logic Analyzer (ILA) core is a customizable logic analyzer core that can
Boolean trigger equations, be used to monitor any internal signal of your design. The ILA core includes many

Design Runs  IP Status  x ? 00

© Report is out of date because the status of one or more IPs have changed. Rerun

Q = & C

Hide All

/ Major Change (1)

Current Version Recommended Version License Curre
6.2 (Rev. 4) Included xc7al

~1 Recommendation Change log IP Name
ILA (Integrated Logic Analyzer) 5.0 (Rewv. 1)
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Source File
& ila0 |
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+ AR

N\

BO50WDTEDHZAIT NI off

| JONO)

ILA (Integrated Logic Analyzer) (6.

© Documentation | IP Location itch to Defaults

‘ | Show disabled ports

Customize IP

Component Name |ila_0 Q‘

[To configure more than 64 probe ports use Vivado Tcl Console

General Options Probe Ports(0..0)
Monitor Type

(e Native () AXI

Number of Probes |1 0 [1..1024]

Sample Data Depth | 1024

V' Same Number of Comparators for All Probe Ports

Number of Comparators 1 v

| Trigger Out Port

.| Trigger In Port

Input Pipe Stages

Trigger And Storage Settings

| Capture Control

.| Advanced Trigger

GUI configuration mode is limited to 64 probe ports.
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Q.00 X! Customize IP

ILA (Integrated Logic Analyzer) (6.2)

© Documentation ' IP Location C Switch to Defaults

| Show disabled ports Component Name ‘ila_o

Q|

[To configure more than 64 probe ports use Vivado Tcl Console

General Options Probe Ports(0..7)

Monitor Type

(e Native () AXI

Number of Probes |2 9 [1..1024]

Sample Data Depth 1024

| Same Number of Comparators for All Probe Ports

Number of Comparators 1 v

mm probe0[0:0] | Trigger Out Port

| Trigger In Port

= probel[0:0] Input Pipe Stages

.

Trigger And Storage Settings

.| Capture Control

.| Advanced Trigger

GUI configuration mode is limited to 64 probe ports.

Cancel
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« Z£T7O—TJ DKEIE Probe
ports

| JONG)

Customize IP

ILA (Integrated Logic Analyzer) (6.2)

© Documentation ' IP Location C' Switch to Defaults

| Show disabled ports

mm probe0[7:0]

mm probel[0:0]

.

Component Name |i|a_0

|

[ To configure more than 64 probe ports use Vivado Tcl Console

General Options | Probe_Ports(0..7)

Probe Port Probe Width [1..4096] Nurnber of Comparators Probe Trigger or Data
PROBEOQ l8 @l 1 DATA AND TRIGGER
PROBE1 1 Q1 DATA AND TRIGGER
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00 X/ project_1 - [/home/osana/work/reconf-class/lab-ila/project_1/project_1.xpr] - Vivado 2017.3
File Edit Flow Tools Window Layout View Help ’ Q- Quick Access Synthesis and Implementation Qut-of-date Cancel
= « ~ B & X p» B & X ¥ o ¥ 83 Default Layout v
Flow Navigator s PROJECT MANAGER - project_1 ? X
v PROJECT MANAGER -
Sources ? 00X Project Summary x| IP Catalog x| top.v x‘ ila_0O.veo x 200
£¥ Settings
Q = £ + o /home/osanafwork/reconf-class/lab-ila/project_1/project_l.srcs/sources_l/ipfila_0_l/ila_0.veo X
Add Sources
Language Templates — — Q & « » X B B /7 B Q Read-only = &F
v = Instantiation Template (1) 46 | /7 =
£F IP Catalog ™ ila_0.veo 47 ¢ // DO NOT MODIFY THIS FILE.
43

- _ 49 |
* r % I P r v IP INTEGRATOR > = Simulation (1) S0 | // The following must be inserted into your Verilog file for this
Create Block Design > . Change Log (1) , Sl . // core to be instantiated. Change the instance name and port connections

 ila_0.dcp 52 . // (in parentheses) to your own signal nemes.

2 ila_0_sim_netlist.vhdl L Begin Cut here for INSTANTIATION Template ---// INST_TAG

Generate Block Design | |---------- B e oo = = - a - hel - .
Hierarchy m Libraries Compile t 4 » = ' 1la_0 your_instance_name {|
. .clk{clk}, // input wire clk
v SIMULATION i i :
.7 Source File Properties 1 ? 00X
* - \ Run Simulation
jH: 3 ila_0.veo - o 0D

Instantiation template

Open Block Design

.probed(probel®), // input wil [7@0] probed
.probel{probel} // input wiryg I4 probel

v RTL ANALYSIS

Y| Enabled 64 | // INST_TAG_END ------ End INSTANTIATION Template ---------

> Open Elaborated Design )
Location:

Ihomelosana/work]reconf-cIassllab-ilalpr| A You must compile the wrapper file ila_@ when simulating
: ff the core, ila_0. When compiling the wrapper file, be sure to
verilog Template‘ B + /f reference the Verilog simulation library.

SYNTHESIS

P Run Synthesis

> Open Synthesized Design | ~ " - o oo oooTooommo oo
q 4 : General Properties

IMPLEMENTATION Tcl Console |Messages ‘Log ‘Reports Design Runs  IP Status  x

P Run Implementation ,
© Report is out of date because the status of one or more IPs have changed. Rerun

> Open Implemented Design v | o B
Q = & C  //MajorcChange (1) Hide Al

PROGRAM AND DEBUG Source File | IP Status ~1 Recommendation Change Log IP Name Current Version Recommended Version License Curre

¥% Generate Bitstream & ila_0 | IP major version change Upgrade IP More info ILA (Integrated Logic Analyzer) 5.0 (Rewv. 1) 6.2 (Rev. 4) Included xc7al

> Open Hardware Manager

Upgrade Selected J
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O D \ project_1 - [/home/osana/work/reconf-class/1215/project_1/project_1.xpr] - Vivado 2014.4
File Edit Flow Tools Window Layout Yiew Help [ Sear N 2NGs |
< 2| D DY H X XS ‘B Default Layout = L write_bitstream Complete Mmore info
Flow MNawvigator K Hardware Manager - macpro-linux/xilinx_tcf/Digilent/2 10274533187 A X
QI B o |Deb..— O 2 X @topy X Hitopxdc X ® ILA - hwiila_l X BB hw_ila_data_l.wcfg X @ > X
- («] g QI 5|E 3] Trigger Capture Status A 0O
4 Project Manager 2 &3 hw_ila_1 —
#5 Project Settings T _r':-L:.-BT-NJBUF | Core status: | Iclle |  Pre-Trigger | Waiting for Trigger |  Post-Trigger | Full
@Y Add Sources E g CNT[7:0] | £ Window 1 of 1 Window sample 0 of 1024 Total sample 0 of 1024
O , Capture status: Idle Idle Idle
v Language Templates W ¢ A |
*F IP Catalog 2 D
P = P
4 ntegrator =
. . &
L Create Block Design o
4 Simulation
ﬁ’; Simulation Settings
() Run Simulation ] ]
4 RTL Analysis Basic Trigger Setup A 0
@~ Open Elaborated Design Q. _ Name | Compare Yalue |
o BTN_IBUF == [B] X -
4 Synthesis | 3 g CNT[7:0] == [H] 00 v
i3 synthesis Settings D
® Run Synthesis
@¥ Open Synthesized Desigr
4 |mplementation
ﬁi Implementation Settings
[/ Run Implementation 3 Tcl Console % @
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CNT =0 7.
Position = 100

O \ project_1 - [/home/osana/work/reconf-class/1215/project_1/project_1.xpr] - Vivado 2014.4

File Edit Flow Tools Window Layout Yiew Help !

< [T D | R AR ‘ Default Layout " N | & write_bitstream Complete Mmore info
Flow Navigator & Hardware Manager - macpro-linux/xilinx_tcf/Digilentf2 10274532187 A
QX = o |[Deb.. — O 12 X v top.y X top.xdc X & LA - hw_ila_l X B hw_ila_data_l.wcdfg X B X
4 Project Manager R
S @2 hwiila_1l )
i3 Project Settings L= 1e BTN_IBUF
\ ts CNT[7:0
oY Add Sources — - S N © M CNT([7:0]
Language Templates . % BTN_IBUF
Ik & Kom
1F IP Catalog 2 N
e 1] 1
Q I\
4 |P Integrator 2
‘ : = 14
¥ Create Block Design
bl
=
4 Simulation E,
5 Simulation Settings
() Run Simulation r

4 RTL Analysis

@ Open Elaborated Design 3
4 Synthesis

5 Synthesis Settings

> Run Synthesis
@7 Open Synthesized Desigr

4 |mplementation

9‘ Implementation Settings
, : i (~]
> Run Implementation 8 Tcl Console %, @
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