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Nexys-4 board

e Manufactured by
Digilent

e Contains an FPGA of
Artix-7 family

79 T | s ° Configured directly
ﬁi =l from Vivado through
i = USBJTAG/UART

Picture from Nexys4™ FPGA Board Reference Manual
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Nexys-4 components
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Xilinx Artix-7™ FPGA xc7a100t-1csg324
128Mb=16MB cellular RAM

128 Mb=16MB SPI (quad-SPI) Flash
10/100 Ethernet

USB-JTAG programming and USB-UART
Microphone

Audio connector

100 MHz clock oscillator

16 user LEDs

Two 3-color user LEDs

5 user buttons

16 slide switches

Power connector and power-on LED indicator
JTAG port

Pmod expansion connectors (2x6)

. Two reset buttons

Micro SD card slot

VGA connector

USB host connector
Microcontroller

Eight 7-segment displays

. Temperature sensor
. Accelerometer
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Basic I/0O

3.3v

o————— T16 T8 LD{I—m’—
BTNL yvg LD o
Buttons| BTNR W R10 R8 —LDZ—DiI—M'—
o T6 ‘
BTNU A T5 _LD4 3
V10 LD5
BTND L
w— E16 u7 M
BTNC l bl ug —LBL +ww— LEDs
>3 V4 J..Qﬁ_w_._‘g
é’ u3 LD9
33 y{ -LD10
[ SWoro—wm— U9 Ry U
3 P5 LD12
SW1r—o—w— U8 Ui -LD13
[ SWa2r-o—w— R7 R2 -Lb14
5 p2 LDI5 pd el 7.seq
SW3ro—w— RB 1 Display
SWir—o—w— R5 M1 —w—AN7
i L1 ~w— ANB
SW5—o—wv— V7 N4 —w £ ANS
o N2 —w AN
 SWego—w— V6 N5 —w P AN3
slide SW7ro—m— V5 M3 £ AN2
Switches M6 —w l\lAM
| SW8r—o—w— U4 N6 —wA [ %ANO
SWOr—o—w— V2 E1E1E1El  ELEEEIL
° o 4 7 AR o O Y e
SW10m—o—wa— |J2 e CIA | | l
[SWTTe-o—w— T3 N1 —w C'BI ‘
L5
SW1Zm—o—w— T1 L4 —w gg
SW13r-o—wm— R3 S
— M 2 AN oF
[SWidr—o—w— P3 J‘-ﬁ W =g
SWibeo—wh— P4 e 50V
TriColor LD17 LD16
v LEDs
3.3V KB —wa— R17
HE6 —w {617
L16 . B17
CPU Reset WRES c12 F'1<53 .R16 .
Artix-7 F6 —wrrrt é "T ,1516
<

Picture from Nexys4™ FPGA Board Reference Manual

The five pushbuttons generate a low output when
they are at rest, and a high output only when they
are pressed.

Slide switches generate constant high or low inputs
depending on their position.

The sixteen individual LEDs are anode-connected to
the FPGA via resistors, so they will turn on when a
logic high voltage is applied to their respective 1/0
pin.

The anodes of the seven LEDs forming each 7-
segment display digit are tied together into one
“common anode” circuit node, but the LED
cathodes remain separate. The common anode
signals are available as eight “digit enable” input
signals to the 8-digit display. The cathodes of
similar segments on all the displays are connected
into seven circuit nodes. This signal connection
scheme creates a multiplexed display, where the
cathode signals are common to all digits but they
can only illuminate the segments of the digit whose
corresponding anode signal is asserted. To
iluminate a segment, both the anode and the
cathode should be driven low.
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Xilinx Artix-7™ FPGA xc7a100t-1csg324

e Xilinx® 7 series FPGAs include three families:

— The Artix®-7 family is optimized for lowest cost and power for the highest volume applications.

— The Virtex®-7 family is optimized for highest system performance and capacity.

— The Kintex®-7 family is an innovative class of FPGAs optimized for the best price-performance.
e Artix-7 xc7a100t feature summary:

— 15,850 logic slices, each with four 6-input LUTs and 8 flip-flops

— 4,860 Kbits of fast block RAM (135 x 36 Kb blocks)

— 6 clock management tiles, each with phase-locked loop (PLL)

— 240 DSP slices (with 25 x 18 multiplier, 48-bit accumulator, and pre-adder)

— On-chip analog-to-digital converter (XADC)

— Configuration bitstream length of 30,606,304 bits (~3.6 MB)

 Nexys-3 FPGA (Xilinx Spartan®-6 XC6LX16-CS324):
— 2,278 logic slices, each with four 6-input LUTs and 8 flip-flops
— 576 Kbits of fast block RAM (32 x 18 Kb blocks)
— 2 clock management tiles, each with phase-locked loop (PLL)
— 32 DSP slices (with 18 x 18 multiplier, 48-bit accumulator, and pre-adder)
— Configuration bitstream length of 3,731,264 bits (~3.6 Mb)
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Vivado IDE solution

7-Series (or newer) devices

Interactive design and analysis

— Timing analysis, connectivity, resource utilization, timing
constraint analysis and 1/O assignment

RTL development and analysis
— Elaboration of HDL

— Hierarchical exploration

— Schematic generation

XSIM simulator integration

Full Tcl scripting support

Interactive IP plug & play environment
Synthesis and implementation in one package



Design
Entry

FPGA design flow

Design Verification

l

Design
Synthesis

'

Behavioral
Simulation

}

l

Design
Implementation

Functional

Simulation

Static Timing

Back

l

Device
Programming

Annotation

Analysis

Timing

Simulation

In-Circuit

Verification

* Design entry

based on:
— VHDL
— |P Catalog
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Getting started page

. Vivado 20144

el

File Flow Tools Window Help

Q- Search commands

VIVADO!

Information Center

4

Documentation and Tutorials

Productivity. Multiplied.

Quick Start
N B R
Create‘.ﬁ;};m}ed Open Project Open Example Project
Tasks
% 5
M;nage P Open Hardware Manager Xilinx Tcl Store

Quick Take Videos Release Notes Guide

:|TUT_Lab_1
C: flouliafaulas 2014-2015/Talinn/Lab 1,/TUT_Lab_1

" Sorter_HP_Book

& XILINX

Recent Projects
TestData
C: fioulia/Aulas 20 14-2015/Tallinn/Lab 1/TestData/Te. ..

ReactionTimer
C: fiouliia/Aulas 20 14-2015/Tallinn/Lab 1/ReactionTime. ..

DataSort HW
C:floulia/Aulas /20 14-20 15/Tallinn/Lab2/DataSort ...

Chronometer

C: flouliafaulas 2014-2015/Talinn/Lab 1/Chronomete. ..

C:/fiouliz/My_DocumentsfArtides/2014/TUT_book/exa...

— O

Tcl Console

== start_gui
et

=]

Il

&

X

Quick Start

— Create new
projects

— Access to previous
and example
projects

Tasks

— IP management

— Hardware Manager
— Tcl store
Information Center

— Documents

— Tutorials

— Videos

Tcl console

— Command line
access
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Creating a new project

- _ ... * Wizard guides through
s o oS a creation of a new

Project Type .
Specify the type of project to create. ' p rOJ eDC.l-:f oct
— erine project name
5 RTL Project and location
@ B .
"~ You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, — Add source files
N synthesis, implementation, design planning and analysis. f d
|| Do not specify sources at this time - S.peCII Yt tal]get an
simuilator language
(7 Post-synthesis Project Add IP
You will be able to add sources, view device resources, run design analysis, planning and implementation. - S
Do not specify sources at this time — Add constraints
= 70 Planning Project — Select target device
" Do not specify design sources. You will be able to view part/package resources. ()(c7a 100tcsg324-1)
|| () lmported Project | o e Different types of
Create a Vivado project from a Synplify, XST or ISE Project File. ro ects
i| () Configure an Example Embedded Evaluation Board Design p J A
y Create a new Vivado project from a predefined IP Integrator template design. — RTL prOJeCt
— Import an existing
project from ISE
< Back ]k Mext = l Einish

10
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Flow Navigator

& HammingWeight - [C:/iouliia/Aulas/2014-2015/Tallinn/T/HammingWeight/HammingWeight/HammingWeightxpr] - Vivado 2014.4 l == i:h o
File Edit Flow Tools Window Layout View Help Search commands
Pl X X|® P ¥ & K| XL 3 | Default Layout TR D Ready
Flow Navigator « Project Manager - Hamming\Weight X
Q= Sources — O x I Project Summary x 0w
Q. 0 e gl o = P
4 Project Manager ~ET = ‘f‘ Project Settings
#5 Project Settings {51 Design Sources = project name: HammingWeight
) g [+H= Constraints ] ’ gwelg
¥ Add Sources 1= Simulation Sources Project location: C:fiouliia/Aulas/2014-2015/Tallinn/T
/' Language Templates Esim_1 Product family: Artix-7
ﬂ TP Catalog Project part: xc7al00tcsg324-1
Top module name: Mot defined
4 [P Integrator
7 Create Block Design Synthesis
¥ Open Block Design =
p R Hierarchy | Libraries  Compile Order Status: = Not startad 0
% Generate Block Design M - ;
& Sou 7 Templates essages: Mo errors or warnings
4 Simulation Part: xc7a100tcsg324-1
#% simulation Settings Proper‘t!:s = o & s Strategy:  Vivado Synthesis Defaults
(I} Run Simulation L)
4 RTL Analysis
» [@¥ Open Elaborated Design DRC Violations
4 Synthesis DRC information is not available because it hasn't be¢
5 Synthesis Settings
9 Run Synthesi Utilization =
un Synthesis < o 5 ®
> [@¥ Open Synthesized Design
Design Runs — 0O @ x
4 Implementation a
“\| Name Constraints ~ WNS TNS WHS THS TPWS Failed Routes LuT FF BRAM
#% Implementation Settings =
_ a5 = synth_1 constrs_1
[» Run Implementation s i impl_1 constrs_1
> [@¥ Open Implemented Design
4 Program and Debug 4
@ Bitstream Settings »
ﬁ Generate Bitstream «
g -I> Open Hardware Manager —%
B
| 1] L=
|5 Tel Console | = Messages | (4] Log | |2 Reports-,3» Design Runs

Permits to manage
project settings,
add sources,
customize IPs,
launch simulation,
execute RTL
analysis, synthesis,
implementation
and device
programming and
debugging.

Gives access to
device utilization
and timing
summary

[E=Y
(B
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A complete example

Calculate the Hamming weight of a 16-bit vector
using a sequential circuit

The input vector is defined with Nexys-4 board
switches

The result should be displayed on LEDs

Use the following components available:
— Generic shift register (ShiftRegN.vhd)

— Generic adder (AdderN.vhd)

— Generic register (RegN.vhd)

12



Flows Navigator

Gl pig
D\ g b

Adding design source files

“ | Project Manager - HammingWVe

| 4 Project Manager

Sources

| Q= wat RE

ﬁ Project Settings

o Add Sources

? Language Tamnlztac

Add Sources

This guides you through the process of adding and creating sources for your project

'.',:,'.' Add or create constraints

-1 Design Sources

5 Constraints (@) Add or create design sources ]

[=H= Simulation Sources

1k IP Catalog

4 TP Integrator

Add Sources

Specify and/or create source files to add
to the project.

4

() Add existing IP

,
42 Add Sources

— —

5)

Add or Create Design Sources

Index  Name
N a1 AdderN.vhd
@h 2 RegN.vhd
@ 3

|:| Copy sources into project

Library

Location

Specify HDL 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.

xil_defaultlib C:/iouliia/Aulas/2014-2015/Tallinn/T/HammingWeight/HammingWeight/HammingWe...
xil_defaultlib C:/iouliia/Aulas/2014-2015/Tallinn/T/HammingWeight/HammingWeight/HammingWe...
ShiftRegM.vhd xil_defaultlib C:/iouliia/Aulas/2014-2015/Tallinn/T/HammingWeight/HammingWeight/HammingWe...

Add Files...

| | Add Directories... ||

Create File...

Add sources from subdirectories

["] scan and add RTL include files into project

-+ 1+

)

Einish | | cancel

- () Add or create simulation sources

'.'_:_'.' Add or create DSP sources

(") Add existing block design sources

| Project Manager - HammingWeight

Sources

ATH WA
[=H:> Design Sources (3)
. -@hs Adderll - RTL (Adderh.vhd)
i Reghl - RTL (Reghl.vhd)
~&hl ShiftRegN - RTL (ShiftRegh.vhd)
[+ Constraints

(=} Simulation Sources (3)

H-& sim_1 (3)

Universidade
de Aveiro
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Generic register (RegN.vhd)

library I1EEE;

reset

use IEEE.STD LOGIC 1164.all; *
entity RegN 1is
generic(N . positive = 8); N N
port(reset : in std_logic; dataln —/ Rg%i;ler - dataOut
clk - In std_logic;
enable : in std logic;
dataln : in std logic vector(N-1 downto 0); )
dataOut : out std logic_vector(N-1 downto 0)); enable clk
end RegN;

architecture RTL of RegN is
begin
process(clk)
begin
1T rising_edge(clk) then
iIT reset = 1" then
elsif en = "1" then
end i1f;
end if;
end process;
end RTL;

dataOut <= (others => "0%);
dataOut <= dataln;

Is reset synchronous or
asynchronous?

14

de Aveiro
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Generic adder (AdderN.vhd)

library I1EEE;

use IEEE.STD LOGIC_1164_all; \
N

use IEEE.NUMERIC STD.all;
-7AI>>/\
entity AdderN is

. - N
generic (N : positive = 4);
port(A, B : In std_logic_vector(N-1 downto 0O); > + result 7.
result : out std logic vector(N-1 downto 0)); N

end AdderN;
’ -7#..> B
architecture RTL of AdderN is ’///,///”’

begin
result <= std_logic_vector(unsigned(A) + unsigned(B));
end RTL;

What is the difference between
signed and unsigned additions?

Universidade
de Aveiro
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Generic shift register (ShiftRegN.vhd)

entity ShiftRegN is

generic (N : positive = 4);

port(clk in std _logic;
load in std _logic;
dataln in std _logic vector(N-1 downto 0);
serOut : out std _logic);

end ShiftRegN;

architecture RTL of

signal s _shiftReg :

begin
process(clk)
begin

ShiftRegN is
std _logic_vector(N-1 downto 0);

1T rising _edge(clk) then

if load = "1°
else
end if;
end 1f;
end process;

then s_shiftReg <= dataln;

load
dataln serOut
—— shiftRegN ——»
N
\
clk |

s_shiftReg <= "0" & s_shiftReg(N-1 downto 1);

serOut <= s_shiftReg(0);

end RTL;

What is the
direction of shift?

16
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Specifying constraints

Flow Navigator «| | Project Manager - Hamming\We Add Sources

aQ, E % Sources This guides you through the process of adding and creating sources for your project
ol —| 0 E -

| 4 Project Manager | A= wal B () Add or create constraints ]

-1 Design Sources

Project Settings :
ﬁ ) g [+ Constraints

(@) Add or create design sources

.dﬁ Gl Soures =1 Simulation Sources - (") Add or create simulation sources
? Language Trmnlatanco *-_iEIH"I q B
Add Sources (") Add or create DSP sources
i F 1P catalog ) ]
Specify and/or create source files to add (7) Add existing block design sources
4 TP Integrator to the project. ) Add existing P

, v * XDC file
& Add EnnstréintFiles . . P|n |OcatIOnS
Look in: HammingWeight
. — Clock

Mame Size Iem type Date modified

HammingWeight.cache File folder  28/04/2015 ... properties
ingWei 427 KB Vivado Pr.. 28/04/2015 ..
378KB XDCFile  04/09/2013 .. — Case-

sensitive

-~
Recent Items

gl

Hamming¥Welghtxp
l it Nexysd_Master.xdc .

Universidade
de Aveiro
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Nexys-4 XDC file

| Project Manager - HammingWeight

Sources

== 2k R

[Z Project Summary X ]\ﬂz\ Regh.wvhd [\\,-',h'1 AdderiN.vhd % l\!‘ﬁ' ShiftRegh.vhd % [EIB Nexys4_Master.xdc *

[=H= Design Sources (1)

EHL Constraints (1)

. EME constrs_1 (1)

B Ll s _Master.xdc|

= Simulation Sources (1
&= sim_1 (1)

btnC

[=-&h HW - Structural (HW.vhd) (3]

M get - ShiftReg - RTL (ShiftRegh.vhd)
M add - AdderN - RTL (Adderi.vhd)
-l store - RegM - RTL (Regh.vhd)

sw(15..0)

——»  HW

16

led(4..0)

——>

5

clk |

=Xifi/ S5 |IE

i

C: ,"loul||af‘AuIasf:![]14——2015!'I'aII|nn!'l'fHamm|ngWaghtfHammmgWaghthexysﬁr Master.xdc
1 ##
2 ##

3 ## - uncomment the 11

& general .xdc for the Nexys4 rev B boar

4 ## - rename the used port
=

6 ## Clock signal

T ##Bank = 35, Pin name = I0 L12P T1 MRCC 35, Sch name = CLE1001
@ set_property PRCERGE_PIN E3 [get ports clk]

g set property IOSTRNDRRD LVCMOS33 [get_ports clk]

10 create clock -add -name sys_clk pin -pericd 10.00 -waveform {0 5] [get_ports clk]
11

12 #¢#

13 ##Bank 34, Fin name = I0 L31F T3 DOS 34, Sch name = SWQ

14 set property PACKRGE PIN U9 [get ] p-orts {aw[0]}]

15 set_property IOSTRNDRRD LVCMOS33 [get_ports [aw[0]}]

16 #Bank = 34, Pin name= = IO 28 34,
17 set_property PACKRGE_PIN UZ [get ports [aw[l]}]

18 set property IOSTANDARD LVCMOS33 [get ports [aw[l]]]
19 #Bank = 34, Pin name = IO L23P T3 34, S5ch name = SH2
20 set property PACKRGE PIN R7 [get ports [aw[2]}]

21 set_property IOSTRNDRRD LVCMOS33 [get_ports [aw[2]}]

22 §Bank = 34, Pin name= = IO L13F T3 34, Sch name = EW3
23 zet_property PACKRGE_PIN RE [get ports [aw[3]]]

24 set property IOSTANDARD LVCMOS33 [get ports [aw([3]]]

25 #Bank = 34, Pin name= = I0 L13 I -
26 set_property PRCKRGE PIN RS [get_ports Taw[4]}]

27 set property IOSTANDRRD LVCMOS33 [get _ports [aw[4]]]

28 #Bank = 34, Pin name = I0 LZOF T3 34, Sch name = EWS

29 set_property PACKRGE_PIN V7 [get ports {aw[5]}]

| T3 VREF 34, Sch nam

189 ##Buttons
190 ##Bank = 15, Pin nam
191 #set property PACKAGE

| b 4 =
152 #set property 533 I
183 #Bank = 15, Pin name = IO L11N T1 SRCC 16, Sch name = BINC

194 zet_property PACERGE PIN El6 [Eet_p-orts btnC]
185 set property IOSTANDRARD LVCMOS533 [get ports btnC]

186 ##Bank = 15, Pin nams = IO L14F T2 SRCC 15, Lch name =

197 #set property PACKA

138 #set_property I0S

18
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Interconnecting the modules (HW.vhd)

btnC
entity HW is
port( clk, btnC: in std logic;
sw : In std_logic_vector(15 downto 0); sw(15..0) led(4..0)
led : out std_logic_vector(4 downto 0)); [ HW [
end HW; 16 5
architecture Structural of HW is clk
signal s _en - std _logic;
constant s_value : std_logic_vector(4 downto 0) :-= "00001";
signal s acc, s _add : std_logic_vector(4 downto 0);
begin

get: entity work.ShiftRegN(RTL)
generic map(N => 16)

port map (clk => clk, load => btnC, dataln => sw, serOut => s en);

add: entity work.AdderN(RTL)
generic map (N => 5)
port map (A => s value, B => s acc, result => s add);

store: entity work.RegN(RTL)
generic map (N => 5)

port map (clk => clk, reset => btnC, en => s _en, dataln => s_add, dataOut =>
S_acc);

led <= s_acc;
end Structural;

Universidade
de Aveiro
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Elaborated design

* Accessed through the Flow Navigator by selecting Open Elaborated Design

* Represents the design before synthesis

Instances of modules

Generic representation of hardware components

Interconnections

dk[—m= get
& =) store
sw[15:0 St
[ btnl:] IIZ3>— s shiftReq_i 5_shiftReg_reg[15:0} da_ﬂhﬁ:;; | SataOut_reg[4:0]
dataln15:0] S=1m1 [0[15:0] Rap Lo en g dataQu]4:0]
oo S=detair [1[15:0 D Q reset b 9 1
Z[RTL_MUX
load RTL_REG RTL_REG_SYNC
ShiftRegh b
i add
Y=EI001" Af4:0] = V=E00001" 10[4: 0] Lo, \
e T [f’:\.ﬂ{ma} esuk]4:0]
RTL_ADD
AdderN

—1 % led[4:0]

20
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Synthesis and the synthesized design

swi_IBUF]0] inst

sul15:0] > 1=
TBUF 4 Synthesis
sw_IBUF{1] nst
JE: =]
TBUF
sw_IBUF2] nst
JD =]
TBUF
sw_IBUF[3] nst
JD =]
TBUF
SnJBUF[SL inst 4 Implementation
TBUF
swi_IBUF[5] inst
J: [=]
TBUF
sw_IBUF[E] inst
J: [=]
TBUF
sw_IBUF[7] jnst
J: [=]
TBUF led_OBUF[] inst
sw_IBUF[8] inst E s
1 L OBUF
TBUF ied_OBUF[L] inst
swi_1BUF[9] inst =2
-0 GBUF
L ed_OBUF[2] inst
sw_1BUF[10] inst =2
-0 GBUF
THUF et ed_OBUF[3] inst
btnC_IBUF_inst 0 store L e
D‘t'\cD Jl"\-\.._\_\_o btnC, JE'JF- OBLF
o dk_IBUF .E.uFr.- = ) sed_OBUF[4]_inst
ok IBUF inst o _IBUF BUFG_inst S IBUF{150) = EE T
- e -2 TRegh I_"“- OBUF
TBUF Regh

BUFG
sw_IBUF[11] inst
1 [=]

IBUF
sw_IBUF[12] inst
1 o

TBUF
sw_IBUF[13] inst
1 =]

TBUF
sw_IBUF[14] inst
1 a

TBUF
sw_IBUF[15] inst
1 [=]

% Synthesis Settings

@ Run Synthesis ]

> [@¥ Open Synthesized Nesinn

Run Synthesis

Run synthesis on your project source files.

&b Sources
Cell Properties
« & ¥ K

[G] get

52 RIL Nethst

% Implementation Settings

= led[4:0]

IBUF

Reference name:

ShiftRegh

e Accessed through the Flow Navigator by
selecting Synthesized Design -> Schematic

 Represents the design after synthesis

Interconnected netlist of modules and basic
elements (LUTs, block RAMs, IBUFs, etc.)

21
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Implementation and the implemented

design

e Accessed after the implementation process by D + %5
selecting Open Implemented Design & Implementation Setfings ' constrs_1
e  Represents the design after the implementation > Run implementation |
f Open Imnlemantad Nesion Default director: C:figuli

— Structurally similar to the synthesized design
— Cells have locations, and nets are mapped to

4 Program and D

Run Implementation
Implement the active synthesized netlist.

specific routing resources

Utilization - Post-Implementation

% Bitstream Settings
ﬁ Generate Bitstream

Target constraint file:

Resource Utilization | Awvailable Utilization...

FF 21 126800 0.02
LuT 11 63400 0.02
I/O 23 210 10.95
BUFG 1 32 3.12
Graph | Table

Post-Synthesis. Post-Implementation

N
N

b

Universidade
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Name: get/s shiftReg[6] i 1

Parent:

Reference name: LUT3
Type: LuT

BEL: 1 B6LUT | [ | Fixed
Site: SLICE_X88Y75
Tile: [ CLBLM_R_X55Y75

Clock region:

Number of cell pins: 4
Number of nets: 4

General Properties | Power | Nets | Cell Pins | Truth Table

3 Metlist | & Sources-, (5 Properties
Timing - Timing Summary - impl_1
AZTS ¢+
(i) Thisisa saved report
~General Information

imer Settings

Design Timing Summa
Clock Summary (1)
Check Timing (22)
Intra-Clock Paths

Inter-Clock Paths
-Other Path Groups

cor Tanarad Bathe

8

Reports

Synthesis

Status: +F Complete

Messages: Mo errors or warnings ]
Part: ¥c7a100tcsg324-1
Strategy: Vivado Synthesis Defaults

DRC Violations

Summary: @ 0 errors
@ 0 critical warnings
(& 1 warning

@ 0 advisories

utilization - Post-Implementation

FFH 1%
LUTH 1%
/o 11%
BUFG 1 3%
o] 25 50 75 100
Utilization (%)
Graph | Table

Post-Synthesis., Post-Implementation

~
E3

s

S

Implementation

»

Fart: xc7al00tcsg324-1
Strategy: Vivado Implementation Defaults

Incremental compile: None

Summary | Route Status

Timing - Post-Implementation

»

Worst Negative Slack (WNS): 8.219 ns
Total Negative Slack (TNS): 0 ns
Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 25

Setup | Hold Pulse Width
Post-Synthesis., Post-Implementation

Power E
Total On-Chip Power: 0.098 W
Junction Temperature: 25.4 °C
Thermal Margin: 59.6 °C (12.9 W)
Effective dJA: 4.6 “C/wW

Power supplied to off-chip devices: 0 W
Confidence level: Low

Summary | On-Chip

4 Design Timing Summary
»
Setup Hold

| »

Worst Negative Slack (WNS): 8.219 ns
Total Negative Slack (TNS):  0.000 ns
Number of Failing Endpoints: 0

1

Total Number of Endpoints: 25

1

[AII user specified timing constraints are met]

Worst Hold Slack (WHS):
Total Hold Slack (THS):
Number of Failing Endpoints: 0
Total Number of Endpoints: 25

Pulse Width
0.258 ns Worst Pulse Width Slack (WPWS): 4.500 ns
0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0
Total Number of Endpoints: 22

23
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Errors and warnings

e Correct the XDC file

set _property CFGBVS VCCO [current _design]
set _property CONFIG_VOLTAGE 3.3 [current _design]

Synthesis

Status: + Complete

Messages: Mo errors or warnings
Fart: ¥c7a100tcsg324-1
Strategy: Vivado Synthesis Defaults

DRC Violations

Mo DRC violations were found.

Implementation
Status: + Complete
Messages: Mo errors or warnings
Fart: x®c/al100tcsg324-1
Strategy: Vivado Implementation Defaults

Incremental compile: None

Summary | Route Status

Timing - Post-Implementation

Worst Negative Slack (WNS): 8.219 ns
Total Megative Slack (TNS): 0Ons
Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 25

Implemented Timing Report

Setup | Hold Pulse Width
Post-Synthesis-, Post-Implementation

b

b
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Bitstream generation and device
programming

| i Implementation

4 Program and Debug

ﬁ Bitstream Settings

Qﬂ Generate Bitstream ]

I g% Open Hardware Manager

Generate Bitstream

Generate a programming file after implementation. | 4 Program and Debug

ﬁ,’: Bitstream Settings

‘Tﬁ Generate Bitstream

4 [ Hardware Manager
ﬁ Open Target

@‘ Program Device

#¥ Add configul| @ xc7al00t_0

| 4 Program and Debug
ﬁ Bitstream Settings
{m Generate Bitstream
4 [ Hardware Manager

l ﬂ' Open Target
& Progr Open Mew Target...

#add( g
@

localhost:3121 xilinx_tcf/Digilent/210274505166A, PARAM.FREQUENCY : 15000000
localhost:3121 xilinx_tcf/Digilent/2102745054194, PARAM.FREQUENCY: 15000000

Universidade
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Design of test benches in VHDL

Test bench

Signals
connected

Signals connected o to the UUT
to the UUT inputs Instantiation of outputs

, the module to
validate (UUT -
Unit Under Test)

R

AN

Processes that apply stimuli to the
UUT inputs




Test benches for sequential UUTs

Test bench
Signals
Signals Cotgnj chtTe i
connected to outputs
UUT inputs P
' UUT
Process —@
that
generates —®
stimuli to o
the
remaining Process that
UuT generates clock
inputs signal




Adding test bench files

4 Project Manager

[[| & 2 o] i

[5-{= Design Sources (1)

BEY T v Structural (1. vhd)
-¢hl get - ShiftRegM - RTL (Shif
il add - AdderM - RTL (Adder

ﬁ Project Settings
¥ Add Sources

ﬁ,? Language Tl

Add Sources
ﬂ IF Catalog Specify and/or create source files to add to the project.

I T Tal b Ermndshnm Toorese 7177

4

=

ﬂ_, Create Source File g

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

File type: it VHDOL -

File name; HW_Th

File location: |0 <Local to Project:- -

Add Files. .. ] [ Add Directories. .. ] [ Create File... ]

Add Sources

This guides you through the process of adding and creating sources for your project

(") Add or create constraints

(") Add or create design sources

(@ Add or create simulation sources

() Add or create DSP sources
(") Add existing block design sources

(") Add existing IP

' Project Manager - Hammingleight
Sources O

QT e BE
== Design Sources (1)

: B..@.‘. HW - Structural (HV vhd) (3)
--gfl get - ShiftRegN - RTL (ShiftRea. vhd)
il add - AdderM - RTL (AdderM,vhd)

- 4hl store - RegN - RTL (Regh. vhd)
-/ Constraints (1)
-1 Simulation Sources [2)
== sim_1(2)
..@.-. HW - Structural (5. vhd) (3)

i

L HW_Thb - Behavioral (HW _Tb.vhd)

M
®

Universidade
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Test bench for HW counter

-- Entity with no ports
entity HW Tb 1s
end HW Tb;

architecture Stimullus of HW Tbh 1s
-- Signals to connect to UUT i1nputs
signal s reset, s clk : std logic;
signal s _data : std_logic_vector(15 downto
-- Signals to connect to UUT outputs
signal s result : std logic vector(4 downto 0);
begin
-— Unit Under Test (UUT) iInstantiation
uut : entity work.HW(Structural)
port map (clk => s clk,
btnC => s reset,
sSw => s data,
led => s result);
-- Process clock
clock_proc : process
begin
s clk <= "0"; wait for 10 ns;
s clk <= "17; wait for 10 ns;
end process;

0);

s_reset

A

--Process stim
stim_proc : process
begin

S_reset <= "1°%;

wait for 20 ns;

S_reset <= "0%;
wait for 400 ns;

S_reset <= "1°%;
wait for 20 ns;
S_reset <= "0%;
wait for 400 ns;

end process;
end Stimulus;

btnC
s_data s_result
SW HW led—>
16 5
clk
s_clk

s data <= X"ABCD";

s data <= X'8001";

29
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Simulation in Vivado

4 Simulation

Q:’; Simulation Settings

@RunSimulaﬁo g Different SimUIation

Run Behavioral Simulation

4 RTL Analysis Run Post-Synthesis Functional Simulation O pt i O n S a re S u p p O rte d

o
» [@ Open Elabora Run Post-Synthesis Timing Simulation
4 Synthesis Run Post-Implementation Functional Simulation ® PO S S I b I | Ity to a d d
@ Synthesis Set Run Post-Implementation Timing Simulation

internal signals of UUT

v components
il & 2| 2 |5 | = Default Layout My & \b\i\km [y 100 | ns ~
Behavioral Simulation - Functional - sim_1 - HW _Tb Restart (Ctrl+Shift+F5) ° 1 1
_ | Restart ClrlShiftaF5) Interaction with the
Scopes [ I 4 Chjects [ I Tt N i T o e R~ S 1 Y A

az=@oEc) *EEEnBeE |1 _ simulator is done
either through

MName De | Name Value

e a8 menus/buttons or via
3 get shi |63 s_data[15:0] 10101011 .
j id b | Hssesitisa]l 0000 | |1 : Tcl command line
i store Ret iyl B = _result[4:0]

'] gl  Standard waveform
Td Conso viewer options permit
S Torc: o _ssim 271 £3m simimeion 7o sor 1000nn to change the scale,

= H . . .
- launch_simulation: Time (3): cpu = 00:00:02 ; elaps d' t
1 restart ra IX, e C.
fﬁ] INFO: [Simtcl 6-17] Simmlation restarted
2 |

4

|run 1000 ns

O] Tel Console | ) Messages | [ Log

w
(@)

Universidade
de Aveiro



Simulation results

Copy

Delete
Find...

Waveform Style  »
Radix 3

Signal Color

Mew Divider

1010101111001101
esult[4:0] 10
- s_shiftReg[15:0] 0000

S reset <= "17;
s _data <= X"8001";
wait for 20 ns;

Default

Binary

v | Hexadedmal

Octal

S reset <= "1°7;
s _data <= X"ABCD";
wait for 20 ns;

S_reset <= "0%;
wait for 400 ns;

S_reset <= "0%;
wait for 400 ns;
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Some problems with simulation

D flip-flop

D flip-flop with
asynchronous
reset

process(clk) Simulates correctly,
begin but malfunctions in
iIT (clk = "1") then hardware!!!
dataOut <= dataln;
end i1f;

end process;

process(clk) Does not simulate
begin correctly, although
iIT (reset = "1") then synthesizes and works
dataOut <= "0"; correctly in

elsift rising _edge(clk) then hardware!!!
dataOut <= dataln;
end 1f;
end process;

Universidade
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Types of Memories

ROM 2"xb
(%] AO D — )
S5 Mo | e3
* Read Only Memory (ROM) 53] 58
: . © = A, Duaf—| ©
— Memory just for reading

— Any memory position can be accessed

— Useful for storing constants/non-changing data
e Static tables

* Messages, strings, etc.

— The content is defined at the time of manufacture or
device programming



Conceptual internal ROM structure

e Example of a ROM for storing 4
words

 The size of dataOut is the same as
the size of every memory word

* |n this case, is reading
synchronous or asynchronous?

e What is the size of the input
address?
— Usually power of 2

e What is the size of the input
address for a ROM storing 1M
words?

ROM (4 Words)
Word 0  ——3{0™
5
O
Wordl —>pl | @
<
| —
Word 2 pe——d{2
Word 3 | 3

address

34



Types of Memories

* Random Access Memory (RAM)

— Memory for reading and writing
— Any memory position can be accessed

— Useful for storing data that can be changed during
operation of the system

 The content is written during system operation

— Can have
e 1 port (only one read or write operation in a given time)

e Multi-port (various read or write operations in a given time)

35
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Conceptual internal RAM structure

* Example of a RAM for riteData— M (4 Words) .
storing 4 words » Word0 >0
 The size of data input — S ard]| E
writeData and data output > Word1 1T
readData is the same as o— il >
the 3|ze of every memory > Word2 »|o
WOr |
. wr]tewh
* In this case > Word3 2
— is reading synchronous or  |o% | =T
asynchronous? writeWord(3)
— is writing synchronous or en  Dec 2->4
asynchronous? i
writeEnable address

a
ic

£2

g
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Modeling a ROM

use IEEE.STD LOGIC_1164.all;

use IEEE.NUMERIC STD.all; , _
Subtype defines a restricted set

i _ of values of its base type
entity ROM_8x4 1s

port(address : in std logic vector(2 downto 0);
dataOut : out std logic vector(3 downto 0));

end ROM_8x4;
Constant allows to

architecture RTL of ROM 8x4 is define constant values

subtype TDataWord is std logic vector(3 downto 0);
type TROM is array (0 to 7) of TDataWord;
constant c_memory: TROM := (*'0000', '0001', '0010', "0100",
1000, ''1010', *'1100', "1110');
begin
dataOut <= c_memory(to_integer(unsigned(address)));

end RTL; to integer function converts

(un)signed values to integers.

Universidade
de Aveiro
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Modeling a 32x8 bit RAM
(1 port; asynchronous read) - entity

library I1EEE; S writeClk
use IEEE.STD LOGIC 1164.all;
use IEEE_NUMERIC_STD.all; —— writeEnable
readData ——
—— writeData
entity RAM_1 SW AR 1s
_ . . — oddress
port(writeClk in std logic;
writeEnable : 1n std logic;
writeData in std logic vector(7 downto 0);
address in std logic vector(4 downto 0);

readData - out std logic vector(7 downto 0));
end RAM_1 SW AR;

38



Modeling a 32x8 bit RAM
(1 port; asynchronous read) - architecture

architecture RTL of RAM_1 SW AR 1s

constant NUM_WORDS : integer := 32;

subtype TDataWord is std logic vector(7 downto 0);
type TMemory i1s array (0 to NUM_WORDS-1) of TDataWord;
signal s memory : TMemory;

begin
process(writeClk)
begin
1T (rising_edge(writeClk)) then
iIT (writeEnable = "1") then
s_memory(to_integer(unsigned(address))) <= writeData;
end 1T;
end 1T;
end process;

readData <= s _memory(to_integer(unsigned(address)));
end RTL;

de Aveiro
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Modeling a parameterizable RAM
(1 port; synchronous read) - entity

—» clk
library IEEE;
use IEEE.STD LOGIC 1164.all; — writeEnable
use IEEE.NUMERIC STD.all; readData —
—— writeData
entity RAM_ 2 SW AR 1s
generic(addrBusSize : integer := 4; — a0dress
dataBusSize : integer = 8);
port(clk : in std _logic;
writeEnable : 1n std logic;
address - in std _logic_vector((addrBusSize - 1) downto 0);
writeData - in std _logic_vector((dataBusSize - 1) downto 0);
readData - out std _logic_vector((dataBusSize - 1) downto 0));

end RAM_2 SW_AR;

Universidade
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Modeling a parameterizable RAM
(1 port; synchronous read) — arch.

architecture RTL of RAM_2 SW AR 1is
constant NUM_WORDS : integer := (2 ** addrBusSize);
subtype TDataWord is std logic vector((dataBusSize - 1) downto 0);
type TMemory is array (0O to NUM_WORDS-1) of TDataWord;
signal s _memory : TMemory;

— clk
begin —writeEnable
process(clk) readData —
beg i n — wri’[EData

1T (rising_edge(clk)) then
iIT (writeEnable = "1%) then
s_memory(to_integer(unsigned(address)) <= writeData;
end 1T;
end 1T;
end process;

— o] dress

read-first: old content is read

read_proc : process(clk) --read-first mode before new content is loaded

begin
1T (rising_edge(clk)) then
readData <= s _memory(to_integer(unsigned(address)));
end 1f;
end process;

end RTL; How to instantiate a
64Kx32 RAM?

Universidade
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Initialization of memories from files

e ROM/RAM contents can be initialized during
synthesis from a text file.

e Example of a test file “data.dat”:

00000001
00000010
00000011
00000100
00000101
00000110
00000111
00001000
00001001
00001010
00001011
00001100
00001101
00001110
00001111
11111000



Initializing a 16x8 bit RAM
(1 port; synchronous read) - entity

library IEEE; ek
use IEEE.STD LOGIC 1164 _ALL;
use std.textio.all; - | we dout ——
use IEEE.NUMERIC STD.ALL; — din
entity BRAM ini is = addr
port(clk > in std _logic;
we : 1n std _logic;
addr : 1in std _logic vector(3 downto 0);
din : in std _logic vector(7 downto 0);
dout : out std logic vector(7 downto 0));

end BRAM_ Ini;

The package textio declares the file
type text, representing files of strings

Universidade
de Aveiro
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Initializing a 16x8 bit RAM
(1 port; synchronous read) - function

architecture Behavioral of BRAM Ini 1s
constant NUM_WORDS : integer := 16;
subtype TDataWord is bit vector(7 downto 0);
type TMemory is array (0O to NUM_WORDS-1) of TDataWord;

impure function InitRamFromFile (RamFileName : iIn string)
return TMemory 1s

FILE RamFile : text is in RamFileName; A function is impure if it
variable RamFileLine : line; refers to any variables or
variable RAM : TMemory; signals declared by its
begin parents (any process, sub-
for 1 in TMemory®range loop program or architecture
readline (RamFile, RamFileLine); body in which the function
read (RamFileLine, RAM(I)); declaration is nested)
end loop;

return RAM;
end function;

signal RAM : TMemory := InitRamFromFile("'Data.dat');

44
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Working with files

readline operation reads a complete line of text from an input file
(RamfFile).

readline (RamFile, RamFileLine);

It creates a string object (RamfFileLine) in the host computer’s
memory and returns a pointer to the string.

We then use various versions of the read operation to extract
values of different types from the string:

read (RamFileLine, RAM(ID));

Each version of read has at least two parameters: a pointer to the
line of text from which to read (RamFileLine) and a variable in which
to store the value (RAM(I)).

For bit-vector values, the literal in the line should be a binary string
without quotation marks or a base specifier (that is, just a string of
‘0’ or ‘1’ characters).

i
da
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Initializing a 16x8 bit RAM
(1 port; synchronous read) — architecture

begin

write-first: new content is
immediately made available for
reading (a.k.a. read-through)

process (clk) --write-first mode
begin
iIT clk"event and clk = "1" then
iIT we = 1% then
RAM(to_integer(unsigned(addr))) <= to bitvector(din);
dout <= din;
else
dout <= to stdlogicvector(RAM(to_integer(unsigned(addr))));
end 1f;
end 1f;

end process;

end Behavioral; _ _ _ _
A function to_bitvector A function to_stdlogicvector

converts a standard logic converts a bit vector to a
vector to a bit vector standard logic vector

Universidade
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Synthesis of memories

Memory can be synthesized to either Distributed
ROM/RAM (constructed from LUTs) or Block RAM (check
the post-implementation resource utilization report).

By default, the tool selects which RAM to infer, based upon
heuristics that give the best results for most designs.

Data is written synchronously into the RAM for both types.

Reading is done synchronously for Block RAM and
asynchronously for Distributed RAM.

ram_style/rom_style attribute instructs the Vivado
synthesis tool on how to infer memory:

signal RAM : TMemory := InitRamFromFile("'Data.dat');

attribute ram_style : string;
attribute ram_style of RAM : signal is "block";
attribute ram_style of RAM : signal is "distributed";

47



FPGA memory resources

The Artix-7™ FPGA xc7a100t-1csg324 contains 1,188 Kb of
Distributed RAM and 4,860 Kb of Block RAM.

Some of the key features of the Block RAM include:
— Block RAMs are fundamentally 36 Kb in size; each block can also be
used as two independent 18 Kb blocks. There are 135 36 Kb blocks.

— Each block RAM has two completely independent ports that share
nothing but the stored data (see Vivado Synthesis Guide for modeling
dual-port RAMs).

— Each memory access, read or write, is controlled by the clock.

— Each port can be configured as 32K x 1, 16K x 2, 8K x 4, 4K x 9 (or 8),
2K x 18 (or 16), 1K x 36 (or 32), or 512 x 72 (or 64).
— The two ports can have different aspect ratios without any constraints.

— During a write operation, the data output can reflect either the
previously stored data (read-first), the newly written data (write-first),
or can remain unchanged (no-change).

48
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Using IP Catalog

| A oeda 5912 30| 9

4 Project Manager
[=H Design Sources

% Project Settings
& Add Sources
\? Language Templates

1F 1P Catalog

i¥hi Bin7SegDecod
il SeqCtrl - Behz

4 TP Integr{ IP Catalog
s ol Browse, customize, and generate cores.

T T T T TS T T T T

Component Name | blk_mem_gen_0

Basic rPor‘t A Options r Other Options rSummary ]

Interface Type | Native ¥ | || Generate address interface with 32 bits
Memory Type | Single Port RAM -
Single Port RAM

Common Clock

Simple Dual Port RAM

ECC Opti
PRONS._trrue Dual Port RAM
ECC Type |Single Port ROM -
Dual Port ROM
Error Tr GIT FIT rigie B efror Injection -

Write Enable

|| Byte Write Enable

Byte Size (bits) | @ v

Algorithm Options

Defines the algorithm used to concatenate the block RAM primitives.
Refer datasheet for more information.

Algorithm | Minimum Area  ~

Primitive | 8lo2 A

[EProject Summary x]-@ BRAM_ini.vhd xIﬁIPCatahg b

0 Search: | .- mem (8 matches)
i -
Mame AXT4
{F AXI Central Direct Memory Access AXH
iF AXI Direct Memory Access AXHM, AX4-Stream
iF AXI Memory Mapped to Stream Mapper AXHM, AXI4-Stream
iF AXIVideo Direct Memaory Access AXI4, AXT4-Stream

A4

iF Distributed Memory Generator
iF Local Memory Bus (LMB) 1.0
iF Memory Interface Generator (MIG 7 Series) AN

& B 7E 1t H

Component Name | blk_mem_gen_0

Easi/o/v Port A Options rDther Options r Summary ]

Memory Size
Write Width |8 Range: 1 to 4608 (bits)
Read Width |8 v
Write Depth |16 Range: 2 to 262144

Read Depth [16 |

Operating Mode | Write First ~ | Enable Port Type | Use ENA Pin -
Port A Optional Output Registers

|:| Primitives Output Register |:| Core Output Reqgister

SoftECC Input Register REGCEA Pin

Port A Output Reset Options

[T RSTA Pin (set/reset pin)  Output Reset Value (Hex) |0

Reset Memory Latch Reset Priority | CE (Latch or Register Enable) ~

Universidade
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Initialization from files

Basic | Port A Options” Other Options | Summary

Fipeline Stages within Mux | 0 Mux Size: 1x1

Memory Initialization

Basic | Port A Options | Other Optiong
Coe File estData/TestData/TestData.sres/sources_1/new/Test.coe [* Browse ] [ 7 Edit Information

Memory Type: Single Port Memory
[ Fill Remaining Memory Locations Block RAM resource(s) (18K BRAMs): 1
Remaining Memory Locations (Hex) il ' Block RAM FESOUFCE[S} [BﬁK ER-AMS}: 0

Structural/UniSim Simulation Model Options .
Address Width A: 4

Defines the type of warnings and outputs are generated when a
read-write or write-write collision occurs.
Collision Warnings | All -

Behavioral Simulation Model Options

|| pisable Collision Warnings || Disable Out of Range Warnings

[ |

memory initialization radix = 16;
memory initialization vector = AB, BA, CD, DE, 99, 81,
a7, A6, 10, EC, 33, 71,

71,
22,

Total Port A Read Latency : 1 Clock Cycle(s)

63,
F4

Summary

50
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Instantiation of modules from the IP
Catalog

Project Manager - TestData

Sources _

O
M
s

aQT= =gt R[E

[=}= Design Sources (5)
[#-& & RAM_Demo - Shell (RAM_Demo.vhd) (2)
=-LF@E blk_mem_gen_0 (blk_mem_gen_0.xci) (2)

E}w_ﬁ" blk_mem_gen_0 - blk_mem_gen_0_arch (blk_mem_g

. %% UD - blk_mem_gen_v8_2 - xilinx

-k blk_mem_gen_0 (blk_mem_gen_0.dcp)

@l Bin7SegDecoder - Behavioral (Bin7SegDecoder.vhd)
~ll SegCtrl - Behavioral (SeqCtrl.vhd)

H

=1

=1

H-= Coefficient Files (1)

H-= Constraints (1)
H-= Simulation Sources (6)

COMPONENT blk_mem _gen_O

PORT

(

clka - IN STD_LOGIC;

ena - IN STD_LOGIC;

wea - IN STD_LOGIC_VECTOR(O DOWNTO 0O);
addra : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
dina - IN STD_LOGIC_VECTOR(7 DOWNTO 0);
douta : OUT STD_LOGIC_VECTOR(7 DOWNTO 0O)

END COMPONENT ;

| Z Project Summary X | @ BRAM_ini.vhd X | £F IP Catalog

c:fiouliia/Aulas/2014-2015/Tallinn/Labl/TestData/ TestDat:
534 USE ieee.numeric std.ALl;

35

56 LIBEARY blk mem gen wi_2;
STUSE klk mem gen v&8 2.blk mem gen w8 _2;

58

59 ENTITY blk mem gen 0 IS

60
g6l
62
63
L
65
(1
a7

PORT |
clka : IN STD LOGIC;
ena : IN 5TD LOGIC:
wea : IN S5TD LOGIC VECTOR(Q DOWNIC O):
addra : IN STD LOGIC VECTOR(3 DOWNIO 0Q);
dina : IN STD LOGIC VECTOR({7 DOWNTO 0}:
douta : OUT STD LOGIC VECTOR(7 DOWNTIO 0}

|-

68 END blk mem gen 07

N

BRAM: blk mem gen O

—

port map(clka => s clklHz,

ena => std_logic*"("1"),
wea => s wea,

addra => sw(11l downto 8),
dina => sw(7 downto 0),

douta => led);

51
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Useful modules for Lab 1

e Parameterizable clock divider
e Parameterizable debouncer
o 7-segment display control for Nexys-4

52



Clock divider

library I1EEE; reset

use IEEE.STD_LOGIC_1164.all;
use IEEE_NUMERIC_STD.all;

entity CIkDividerN is divEactor
generic(divFactor : positive);
port(reset : in std_logic;
clkln : in std_logic;
clkOut : out std _logic);

end ClkDividerN; clkin

clkOut
e

architecture Behavioral of ClkDividerN is
signal s _divCounter : natural;

begin
process(reset, clkln)
begin
if (reset = "1") then

clkOut <= "0";
s_divCounter <= 0;
elsiT (rising_edge(clklIn)) then
if (s_divCounter = divFactor - 1) then

clkOut <= "07;
s_divCounter <= 0;
else

if (s_divCounter = (divFactor /7 2 - 1)) then
clkOut <= "17%;
end if;
s_divCounter <= s_divCounter + 1;
end if;
end if;
end process;
end Behavioral;

The frequency division
of a clock signal by
integer factors, which
are powers of 2, can be
done by a binary
counter

The frequency division
by arbitrary integer
factors requires more
elaborate hardware

Example of a statically
configurable frequency
divider (divFactor is
fixed at compile time
upon instantiation with
generic map)

U
w
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Simulation of the clock divider

Let f,, = 50 MHzc divFactor=4

elsift (rising_edge(clklin)) then fcIkOut ?
ifT (s_divCounter = divFactor - 1) then Duty cycle?
clkOut <= "0%;
s_divCounter <= 0;
e I se = Search altera,com @
it (s_divCounter = (divFactor / 2 1)) then 1 )C B 2 R | o2 n2 2 ([
ClkOUt <= .1.; ._ Pointer: "21:].-"6ns | Interval: 21?6ns | start: :End::
end if; 0ps m.PnN £0.0ns 80.0ns 00.0ns  120.0ns  140.0ns  160.0ms
s_divCounter <= s _divCounter + 1; \
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Parameterizable debouncer

dirtyln H‘ ‘ \

%UM/;

e Generic parameters:

— clkFrekHz -
frequency of the
reference clock
signal (in kHz)

— blindmSec - blind
time during which
the circuit ignores
input variations
<1..100 ms>

— inPol - input
polarity ('0' for
active low input;
'1' for active high

input)
— outPol - output
pulsedOut polarity ('0' for
active low output;
'1' for active high
reset output)

//
inPol =0’ "
inPol = :
outPol = “1° > blindmSec ﬂ bllndeec
pulsedOut ﬂ H
// // //
7/ 7/ 7/
1/ clkFrekHz 1/ clkFrekHz
= Trefcik = Trefcik
library I1EEE;
use IEEE.STD LOGIC _1164.all;
use IEEE.NUMERIC_STD.all;
dirtyln
entity DebounceUnit is
generic(clkFrekHz - positive; clkFrekHz
t_;llndeec : p05|t|ve_; inndee.c
inPol : std_logic; .
outPol : std_logic); inPol :
port( reset in std_logic; outPol
refClk in std_logic; — ™
dirtyln in std_logic; refClk |
pulsedOut : out std_logic);

end DebounceUnit;
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Parameterizable debouncer VHDL code

architecture Behavioral of DebounceUnit is
signal s dirtyln, s resetPulse, s_pulsedOut
signal s_debounceCnt : natural;
begin
sync_proc :
begin
if (rising_edge(refClk)) then
s _dirtyln <= dirtyln;
end if;
end process;

process(refCIlk)

out_proc : process(reset, s resetPulse, s _dirtyln)
begin
if ((reset = "1%) or (s_resetPulse = "1%)) then

s_pulsedOut <= not outPol;
elsif ((s_dirtyln®event) and s _dirtyln =
s_pulsedOut <= outPol;
end if;
end process;

inPol) then

pulsedOut <= s pulsedOut;

= T, UL,

inPol =0 blindmSec bImdeec
outPol =1’ |[—————————»
pulsedOut ﬂ
H
—»| |
1/ clkFrekHz 1 /cIkFrekHz
= Trercik = Trercik

> std_logic;

timer_proc : process(reset, refCIlk)
begin
if (reset = "1") then
s_debounceCnt <= 0;
s_resetPulse <= "07;

elsift (rising_edge(refClk)) then
if (s_debounceCnt /= 0) then
s_debounceCnt <= s _debounceCnt - 1;
s_resetPulse <= "1°;
elsift (s_pulsedOut = outPol) then
s_debounceCnt <= blindmSec * clkFrekHz;

s_resetPulse <= "17;
else
s_resetPulse <= "0";
end if;
end if;
end process;
end Behavioral;
dirtyln
clkFrekHz
blindmSec pulsedOut
inPol "
PERER—
outPol
P——
2
refClk | | reset :
3
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7-segment display control for Nexys-4

Common anod
AI'I\I'/' AI;JB AI;IS Ar|~J4 AI;JS A||~|2 AII\H AI?IO /'_%;I‘:II;
N Y N N Y O
N Y N N Py Ny N By r

1 11 I '
CACBCCCDCECFCGDP CACBCCCDCECFCGDP El‘l
|
|

Eight-digit Seven |
Segment Display ,‘

Example for 4 displays:

Refresh period = 1ms to 16ms

eA
| A B
™
G c
. > |DP

Individual cathodes

<l
b

‘—"K\ Digit period = Refresh / 4

X

ANT n__ / :
AN2 n___ /
AN3 N

Cathodes _ Y Digit0_Y__ Digit1_X_ Digit2_X__ Digit3

Pictures from Nexys4™ FPGA Board Reference Manual

The anodes of the seven
LEDs forming each 7-
segment display digit are
tied together into one
“common anode” circuit
node.

The LED cathodes remain
separate. The cathodes of
similar segments on all the
displays are connected into
seven circuit nodes.

The common anode signals
are available as eight “digit
enable” input signals to the
8-digit display.

The cathode signals are
common to all digits but
they can only illuminate the
segments of the digit whose
corresponding anode signal
is asserted.

To illuminate a segment,
both the anode and the
cathode are driven low.

U
N
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VHDL code of 7-segment display

control for Nexys-4

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE_NUMERIC_STD.ALL;

entity SegCtrl 1is
port ( clk_100MHz
SA, SB, SC, SD,
SE, SF, SG, SH
cathodes
select _display
end SegCtrl;

- In std_logic;

: In std_logic_vector (6 downto 0);
: out std _logic vector (6 downto 0O);
: out std logic vector (7 downto 0));

architecture Behavioral of SegCtrl is

signal div

signal clk_seg

signal state
begin

-- clock divider
divider: process(clk_100MHz)
begin

ifT rising_edge(clk _100MHz) then

div <= div + 1;

clk_seg <= div(div-left);

end if;
end process divider;

> unsigned(16 downto 0);
: std_logic;
: unsigned (2 downto 0);

SA >

SB

e —
cathodes

T —

SE select_display

SE : —>

SG >

SH

B —

clk 100MHz |

Displays must be
updated with a
refresh frequency
60 Hz ... 1 KHz =>
clock period t

We generate 8
times higher
frequency 480 Hz
... 8 KHz and
activate each
display for 1/8 of t

Division of 100
MHz by 2717 gives
~763 Hz
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VHDL code of 7-segment display
control for Nexys-4

cathodes
|

-- FSM that updates info on 7-segment displays in 8 cycles: S’A_>
state_update: process (clk_seg) gBC—P
begin T’
if rising_edge(clk _seg) then SE_>
state <= state + 1; SF_>
end if; SG_>
end process state update; SH_>
i clk 100MHz
display update: process (state, SA, SB, SC, SD, SE, SF, SG, SH)
begin
case state is
when 000" => cathodes <= SA; select _display <= "01111111";
when 001" => cathodes <= SB; select_display <= "10111111";
when 010" => cathodes <= SC; select_display <= "11011111";
when 011" => cathodes <= SD; select_display <= "11101111";
when 100" => cathodes <= SE; select _display <= "11110111";
when 101" => cathodes <= SF; select _display <= "11111011";
when 110" => cathodes <= SG; select _display <= "11111101";
when 111" => cathodes <= SH; select display <= ""11111110";
when others => cathodes <= (others => "17);
select_display <= (others => "1%);
end case;

end process display update;

end Behavioral;

select_display

(9
Vo)
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Summary

After completing this class and lab 1 you should be able to:
— create and implement simple VHDL designs in Vivado Design Suite
— configure the FPGA and interact with Nexys-4 prototyping board

— develop VHDL test benches and simulate your designs in the
integrated Vivado simulator

— use appropriate coding styles to specify and initialize memories in
VHDL

— create and instantiate modules from the IP Catalog

— employ in your designs modules such as:
e parameterizable frequency divider
e parameterizable debouncer
e 7-segment display controller

... lab 1 is available at
— http://sweet.ua.pt/iouliia/Courses/PDP_TUT/index.html
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