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Leciure Overview
o Basics of Verilog coding

o Exercise
o Verilog simulators

o Intro to Verilog in
ISE/Vivado

o Test bench

o Generating Verilog
from Schematic &
Editors




Module: Building block
of Verilog Programs

o Module: the basic block that does something
and can be connected to (i.e. equivalent to
entity in VHDL)

o Modules are hierarchical. They can be
individual elements (e.g. comprise standard
gates) or can be a composition of other
modules.

SYNTAX: module <module name> (<module terminal list>);

<module implementation>

endmodule




Module Abstraction Levels

o Switch Level Abstraction (lowest level)
o Implementing using only switches and interconnects.
o Gate Level (slightly higher level)

o Implementing terms of gates like (i.e.,, AND, NOT, OR etc) and
using interconnects between gates.

o Dataflow Level
o Implementing in terms of dataflow between registers
o Behavioral Level (highest level)

o Implementing module in terms of algorithms, not worrying
about hardware issues (much). Close to C programming. -~

Arguably the best thing about Verilog!!




Syntactic issves:
Constant Values in Verilog
o Number format:
<size>'<base><number>

o Some examples:
03’111 - a three bit number (i.e. 74;)
o8'hal - a hexadecimal (i.e. Al,, = 161,,)
024'd165 — a decimal number (i.e. 165;,)

Defaults:

100 — 32-bit decimal by default if you don’t have a
‘hab — 32-bit hexadecimal unsigned value
‘077 — 32-bit hexadecimal unsigned value (775=63,;)




Syntactic issues:
Constant Values in Verilog

Hardware Condition

0 Low / Logic zero / False
] High / Logic one / True
X Unknown
y4

Floating / High impedance




Wires

o Wires (or nets) are used to connect

elements (e.qg. por
o Wires have values

's of modules)
continuously driven

onto them by outputs they connect to

a—
C
b_Dv

// Defining the wires
// for this circuit:

. [
d wire a:
wire a, b, C;




Registers

o Registers store data

o Registers retain their data until another
value is put into them (i.e. works like a
FF or latch)

o A register needs no continuous driver

reg myregister; // declare a new register (defaults to 1 bit)

myregister = 1'b1; // setthe value to 1




Vectors of wires and registers

// Define some wires:

wire a; // a bit wire

wire [7:0] abus; // an 8-bit bus

wire [15:0] busl, bus2; // two 16-bit busses
/| Define some registers

reg active; // a single bit register 8
reg [0:17] count; // a vector of 18 bits




Non-synthesisable Data types

These datatypes are used both during the compilation and simulation
stages to do various things like checking loops, calculations.

o Integer 32-bit value
integer i; // e.g. used as a counter

o Real 32-bit floating point value
real r; // e.g. floating point value for calculation

o Time 64-bit value
timet; // e.g. used in simulation for delays




Verilog Parameters & Initial block

o Parameter: the rather obscurely named ‘parameter’
works more like a constant in C (or generic in VHLD)

o Parameters can be used in implementation of both
synthesisable and simulation code

o Initial: used to initialize parameters or registers or
describe a process for initializing a module (i.e. like
constructor in C++)

o An initial block is effectively an always@ block that is
triggered on the start of simulation (NB: it is not
synthesisable) B

o Initial can only be used in simulation code




Ports

o The tradition is to list input por

s first and

then output ports. This makes reading of

code easier. i.e.:

ModuleName ( <input ports> <output

ports>);

module mygate (
reset, // reset line if used
clk, // clock input
xout, // 1 bit output
ain ); /lal bitinput
/I define inputs
input reset, clk, ain;
/I define outputs
output xout;
... rest of implementation ...
endmodule

clk >

ain
S |

mygate

T reset

xout




Register Output Ports

o These are output port that hold their
value. An essential feature needed to
construct things like timers and flip flops

module mycounter (
clk, Il Clock input of the design
count_out // 8 bit vector output of the
);

Il Inputs:

input clk;

output [7:0] count_out; // 8-bit counter output

/[ All the outputs are registers

reg [7:0] count_out;

endmodule




Instantiating modules and

connecting up ports
o These two tasks usually done in one go...

o Modules are instantiated within modules
Syntax: <module name> <instance name> (<arguments>)

Q&\g’// Multiplexer implemented using gates only*
QjJ" module mux2tol (a,b,sel,y); U inv <
input a,b,sel; sel Do_Lg
output y; e
wire sel,asel,bsel,invsel; a ; _>_ U_or
not U _inv (invsel,sel); :I>— y
Module% U_anda (asel,a,invsel), ] B =
instance U_andb (bsel,b,sel); o U _andb
names  or U_or (y,asel,bsel); Port mapping (like B
endmodule argumentsina C
function call)
* Based on source: http://www.asic-world.com/code/hdl_models/mux_2tol gates.v



http://www.asic-world.com/code/hdl_models/mux_2to1_gates.v

Instantiating modules

o Why give instances names?
o In Verilog 2001 you can do:

module mux2tol (input a, input b, input sel, output y);

and (asel,a,invsel), // can have unnamed instance

endmodule

Major reason for putting a name in is when it comes to debugging: Xilinx
tends to assign instance names arbitrarily, like the and above might be
called XXYYO01 and then you might get a error message saying
something like “cannot connect signals to XXYY01” and then you spend
ages trying to track down which gate is giving the problem.




Verilog Primitive Gates

Examples:
and or not

and al (OUT,IN1,IN2);
nand ~ nor  Xor notnl (OUT,IN);

Buffer (i.e. 1-bit FIFO or splitter)

buf Example:

buf onelinkbuf (OUT, IN);
buf twolinkbuf (OUT1, OUT2, IN);




Buflf (hardware if gate)

Tri-state buffer. Can choose to drive out with value of in
(if ctr = 1) or don’t drive anything to out (i.e. if ctr =0
connect high impedance to out)

n Out  Kyfifl operation
5 ctr—->
Ctr \l/ O 1 X VA
: : 0 4 0 L L
bufifl (out, in, ctr) 1, 1 1 o H .
X Z X X X
Z Z X X X

See also notif (works in the apposite way: if ctr=0 then drive out with in)




Where to go from here...

o The preceding slides have given a brief
recap of Verilog, but covered much of the
major things used most commonly.

o It's best to get stuck into experimenting
and testing code in order to learn this
language ... which is a major reason for
the YODA project. L

Some thoughts for experimenting to do soon...




Verilog Recommended Coding
Styles

o Consistent indentation
o Align code vertically on the = operator
o Use meaningful variable names

o Include comments (i.e. C-style // or /**/ )
o brief descriptions, reference to documents

o Can also be used to assist in separating parts of
the code (e.g. indicate row of /*****/ to
separate different module implementations) 3

Source: Coram: Veritfog-A tntroduction for Compact Modeters (MOS-ARK Montreux 2006)



Code Examplel : MUX

// Design Name
// File Name
// Function

// Coder

mux using assign

mux using assign.v
2:1 Mux using Assign
Deepak Kumar Tala

module mux using assign(
din 0 , // Mux first input
din 1 , // Mux second input
sel , // Select input
mux out // Mux output

Do try to provide

«— useful comments
especially if the
argument names are
not very obvious

[/—=—=———————= Input Ports----—---—--------
input din 0, din 1, sel ;

e Output Ports—------—---—---—--
output mux out;

[/ === Internal Variables-------—-
wire mux out;

[/————————————= Code Start-----—--—--—--——-
assign mux out = (sel) ? din 1 din 0;

endmodule //End Of Module mux

Adapted from source: http://www.asic-world.com/code/hdl_models/mux_using_assign.v

Do get into a habit of
providing a preamble
for each file.

Do make use of
divider lines to
separate different
pieces of the code

For older versions of
Verilog (before 2001)

Try it on EDA Playground : https://www.edaplayground.com/ (run HDL code using online simulators)



http://www.asic-world.com/code/hdl_models/mux_using_assign.v
https://www.edaplayground.com/

Testbenches

o A testbench is essentially code that is written
to test your design, or exercise a module
you're building

o Basically you set up a testbench to run a series
of test vectors or manipulate pins to see what
happens.

o The are usually written in the same language
as the module under test, but not necessarily...
I often use a combination of Verilog, Matlab
and/or C in my testbenches (Matlab or C to -
generate test vectors and a Verilog testbench
module as the interface to this)




Verilog 4-bit counter with testbench

Testbench Example

EEE4120F

This is a brief version of testbench development that was given in EEEE3096S




Counter Design

Before you jump into coding, you should do some design...

Let’s think about what a 4-bit counter needs...
(1) A module

(2) interfaces: some inputs... reset and clock

(3) interfaces: an output... count value
(4) Maybe further embellishments ... like enable line

reset

clk Counter count B

enable

OK, that sounds like enough for now.. Let’s code it!




Code Example2 : Counter

Do get into a habit of

[/ providing a preamble
// Design Name : counter for each file.
// File Name : counter.v
// Function : 4 bit up counter
// Adapted from http://www.asic-world.com/examples/verilog/counters.html
/=
module counter (clk, reset, enable, count);
(/ Define port types and directions ‘\\\\\\ Here’s our port
input clk, reset, enable; interface, including
output [3:0] count; enable and reset
reg [3:0] count; <« je. the output port lines. Count is the
count holds it value current count value

élways @ (posedge clk). that will increase with
1f (reset == 1'bl) begin each clock.

count <= 0;
end else if ( enable == 1'bl) begigk////////////////’

count <= count + 1;
end
endmodule

Note: always name your .v file the same as the main module in that code file
(i.e. if counter is the entry point module then name the file counter.v)

Adapted from source: http://www.asic-world.com/examples/verilog/counters.html



http://www.asic-world.com/examples/verilog/counters.html

Let’s do it in iVerilog

-
1 ’
"

ﬂ) Icarus Verilog

(L

N4

&

By

« With iVerilog you basically need a good text editor
« Should install gnuplot too, there are ways to graph waveforms

Verilog compiles the .v code into an executable. To do so:

iverilog -ooutputfile inputfile.v
Generates an executable file called outputfile

So lets do: iverilog -ocount count.v

And amazingly we see a counter file generated... &%@0@}
Ooooh how fun! What exciting stuff will happen if we run it?!!! %eoagse\ee\"e




Code Example2 : Counter

Do get into a habit of

[/ ——m providing a preamble
// Design Name : counter for each file.

// File Name : counter.v

// Function : 4 bit up counter

// Adapted from http://www.asic-world.com/examples/verilog/counters.html

/=

module counter (clk, reset, enable, count);
// Define port types and directions

input clk, reset, enable;

output [3:0] count;

reg [3:0] count;

always @ (posedge clk)

if (reset == 1'bl) begin
count <= 0;

end else if ( enable == 1'bl) begin
count <= count + 1;

end

endmodule

Note: always name your .v file the same as the main module in that code file
(i.e. if counter is the entry point module then name the file counter.v)

Adapted from source: http://www.asic-world.com/examples/verilog/counters.html



http://www.asic-world.com/examples/verilog/counters.html

Counter Testbench Design

So again before you jump into coding, do some more design...

Let’s think about how to test a 4-bit counter...

Basically you need:

1. $monitor the lines you want to see.

2. Do areset high and toggle clock (because it is an active reset)

3. Then continue on setting reset low and enable high and
continuously toggle the clock

reset

clk Counter count B

enable

OK, that sounds like a plan... let’s do it!




Code Example2 : Counter_tb1

// Counter Test bench version 1
// This Jjust hooks up the test bench

module counter tb; // this will become the TLM
reg clk, reset, enable; // define some regs, like global wvars
wire [3:0] count; // just need a wire for count as it is stored
// within the counter module
counter U0 ( // 1instantiate the counter (U0 = unit under test)
.clk (clk), // these are explicit port maps (usually one
.reset (reset), // doesn’t both to do this in Verilog).
.enable (enable),
.count (count)
) ;
endmodule
.

But this will of course still not do anything in the simulator...
we need to exercise some pins!




/I Counter test bench 2
/I Set up a monitor and change some pins
I/l Coder: S. Winberg

Il 4-bit Upcounter testbench
module counter_tb;

reg clk, reset, enable;

wire [3:0] count;

counter UO (

Code Example2 : Counter_tb2

Monitor pins and change
some of their values

.clk (clk), .reset (reset), .enable (enable), .count (count) ); //instantiate the module

initial

begin
/I Set up a monitor routine to keep printing out the
/I pins we are interested in...

// But first do a display so that you know what columns are used

$display("\t\ttime,\tclk,\treset,\tenable,\tcount");

$monitor("%d,\t%b,\t%b,\t%b,\t%d",$time, clk,reset,enable,count);

/Il Now excercise the pins!!!

clk = 0;

reset = 0;

enable = 0;

#5 clk = Iclk; // The # says pause for x simulation steps

/l The command just toggles the clock

reset = 1;

#5 clk = Iclk; // Let's just tiggle it again for good measure
end

endmodule

—

Main code that is
= doing testing of the
counter module

Note: you need to tell iverilog all the files to include, so use:

iverilog -0 counter_tb2 counter_tb2.v counter.v




What we get out:

$ ./counter tb2

time,
O/

5/
10,

clk,

reset,
OI
1/
1/

enable,

count




/I Counter test bench 3 Code Example2 : Counter_tb3

/I Set up a monitor and change some pins . .
/I Coder: S. Winberg Monitor pins and change

some of their values

Il 4-bit Upcounter testbench
module counter_tb;

reg clk, reset, enable;

wire [3:0] count;

counter UO (
.clk (clk), .reset (reset), .enable (enable), .count (count) ); //instantiate the module

initial
begin
/I Set up a monitor routine to keep printing out the
/l Now excercise the pins!!!
clk =0; reset=0; enable=0;
#5 clk = Iclk; // The # says pause for x simulation steps
reset = 1;
#5 clk = Iclk; // Let's just toggle it again for good measure
reset =0; /I Lower the reset line
enable =1; // now start counting!!

repeat (10) begin

e#;]Sdclk =Iclk; /I Let's just toggle it a few more times U,l]ﬁ anﬁ"n
end Test Your Knowledge:
endmodule

What will count count up to with this code??

Note: you need to tell iverilog all the files to include, so use:
iverilog -0 counter_tb3 counter_tb3.v counter.v




What we get out:

swinbergl@forge:~/Verilog$ ./counter tb3

time, clk, reset, enable, count
0, 0, 0, 0, X
5, 1, 1, 0, 0
10, 0, 0, 1, 0
15, 1, 0, 1, 1
20, 0, 0, 1, 1
25, 1, 0, 1, 2
30, 0, 0, 1, 2
35, 1, 0, 1, 3
40, 0, 0, 1, 3
45, 1, 0, 1, 4 B
50, 0, 0, 1, 4 N
55, 1, 0, 1, 5
60, 0, 0, 1, 5

It will count up to 5 because in each iteration of the repeat it does half a clock




Over to voul

to exneriment further with iveriloo

Additional info: the follow slides are provided as optional additional guides




End of Term 1




Guidelines on using
Xilinx Vivado / ISE

The follow slides are provided as optional additional
guides, you can have a look over these to get a sense
of actions to be done in Prac3. However, | do suggest
going directly into Prac3 as it is planned around being
a tutorial to help you become familiar with Vivado and
its simulation functionality.




Learning Verilog By
Example

EEE4120F




Learning Verilog

o The best approach is starting small, and there are lots
of example Verilog programs on line that you can test,
have a look at sites such as:

o http://www.asic-world.com/examples/verilog/
o http://www.edaboard.com/

o Free for students Active-HDL (includes nice simulator,
takes less space than ISE)

o https://www.aldec.com/en/products/fpga simulation/active
hdl student

o You can also generate Verilog from the schematic
editor, which can help in deciding the syntax to use... B
short example of how to do this follows... (at least this can be

useful for quickly generating gate-based / architectural combinational logic designs)



http://www.asic-world.com/examples/verilog/
http://www.edaboard.com/
https://www.aldec.com/en/products/fpga_simulation/active_hdl_student
https://www.aldec.com/en/products/fpga_simulation/active_hdl_student

Counter Module In Vivado

EEE4120F




Learning Verilog with Xilinx Vivado

o If you are using Vivado to practice you can

do so with or without a FPGA platform
connected

o BUT you do still need to set up a desired
target platform in order to start a project (so
might as well specify a commonly used
training platform; this example uses a
Nexys3 but you could select pretty much any |~
option you have in your Vivado installation)




Implementing an 8-bit counter

8 8
start —~—> —/—> out
enable —> Count8w —> wrapped
clk —>

Requirements:
INPUTS OUTPUTS
* Want a counter that counts up for each « B-bit output out that provides

positive edge clock pulse on clk the current counter value.
* Input line enable that to enables (1) or  Wrapped changes fromOto 1

disables (0) the count operation each time the counter wraps
* An 8-bit start value that specifies the (i.e. goes from 255 to 0).

starting value for the counter and is
loaded when enable is 0




Reference Manual for FPGA Platform

If you use a board, then you need to get the right reference manual for it.

For example, if using a Nexys board (see Prac5a) you need to get the right pin assignments and
other configuration information from the reference manual. Digilent Inc. uses useful names for
these manuals e.g. “Nexys3_rm_V2.pdf” for the Nexys3 manual.

Nexys3™ Board m
Reference Manual Www.digiientine.com

Revision: April 10, 2013 1300 Henley Court | Pullman, WA 99163
(509) 334 6306 Voice and Fax

Overview
T_hg Ne>_(ys?3 is a complete, ready-to-use AdeptUsB2 _ 2
digital circuit development platform based on Config & data "] (4, USB HID Host
the Xilinx Spartan-6 LX16 FPGA. The = 5 Mouse/Keyboard
Spartan-6 is optimized for high performance Cellular RAM i‘ XILINX
logic, and offers more than 50% higher 16MByte kS 2 USB-UART
capacity, higher performance, and more By Spartan-6 [
resources as compared to the Nexys2's Nonvolatile
Spartan-3 500E FPGA. Spartan-6 LX16 Memory e Clock 100MHz
features include: 16MEyte XC6SLX16
e 2,278 slices each containing four 6- SPI PCM (x4) CSG324C 2 Basic /0
input LUTs and eight flip-flops Nonvolatile o 7 | > LEDs, Bins, Swts
« 576Kbits of fast block RAM s >
e two clock tiles (four DCMs & two PLLs) 40, High-Speed |
e 32 DSP slices 10/100 28 Expansion
e 500MHz+ clock speeds Ethernet PHY
32 Pmod Port
In addition to the Spartan-6 FPGA, the 10 >
Nexys3 offers an improved collection of SRLYIA : s

peripherals including 32Mbytes of Micron’s

latest Phase Change nonvolatile memory, a
10/100 Ethernet PHY, 16Mbytes of Cellular . ) )
RAM, a USB-UART port, a USB host port for * Xilinx Spartan-6 LX16 FPGA in a 324-pin BGA package

mice and keyboards, and an improved high- e 16Mbyte Cellular RAM (x16)




Choose Verilog in ISE/Vivado

Starting with a new project... (can use an existing project also)

Example
using a
Nexys2

@ New Project Wizard

=

Project Settings

Spedify device and project properties.
Select the device and design flow for the project

Preferred Lanquaqe

Manual Compile Order [
VHDL Source Analysis Standard 'VHDL-93
Enable Messaqe Filtering [

Property Name Value

Product Cateqory {AIiA

Family |partan3E

Device XC3 S500E

Package FG320

Speed -4

Top-Level Source Type HDL

Synthesis Tool \XST (VHDL/Verilog)
Simulator Sim (\ /Verilog)

ISim (VHDL/Verilog)

Property Specification in Project File RStore all values

EE ) FEEEE]

-

][ Cancel

(étn read off FPGA
device name here

High Speed Platform Flash SDRAM

USB2Port +— Flash  G1ock  16MByte 16 MByte

UTAG and M)—l " (config ROM) Qﬁj’ﬂ g4icron

Data JTAG
20 $ port port 45

7 XILINX
Spartan3E-500 FG320

ﬁr 2 16 43
A

ata Parts. Fynansion Connactors

Or pgl of reference
manual should have
the device name
indicated

Change to Verilog
(optional as you can
add in Verilog to a
project with preferred
language VHDL)




Should get something like this displayed...

’
B ISE Project Navigator (M.53d) - C:\Xilinx\Projects\Tut1\Tutl.xise - [ISE Design Suite InfoCenter]

E File Edit View Project Source Process Tools Window Layout Help

BEIE

DAEP L 4sDDX|vwe| » 22,88, BB ARiPELQ

ISE Design Suite 12 Release Overview

ISE Design Suite Highlights:

> Xilinx® ISE® Design Suite 12 enables dynamic power reduction using patent pending automated clock gatinc| =

> Design preservation flow for timing predictability.

> AXI-4 compliant IP supports a streamlined "plug-and-play” FPGA design flow. - Coming in Fall 2010

Design «0&8Xx| )
[ |View: @ {ﬂ_:l} Implementation (7 @ Simulation (=) Design Resource
(] | Hierarchy 1 4 ‘
&l & Tutl a3
= g xc3s500e-4fg320 3 »
| | 22
/ fadad Empty View -
= s
Im p lementation fl_ The view currently contains no files.
. fhi h You can add files to the project
view o lerarc y I using the toolbar at left, commands
should confirm [« from the Project menu, and by
— using the Design, Files, and
[as]

which device you

Libraries panels.

are using

¥ No Processes Running

No single design module is selected.
@ ¥  Design Utilities

B9 [28 8| v

> |Intuitive 4th generation partial reconfiguration design flow for Virtex®-6 enables lower system costs and powe
> System Generator support for Windows® XP and VISTA® 64-bit.
> High density design will see 2X faster synthesis and 1.3X faster implementation runtimes.

IP Updates: Click here for a summary of IP library updates and new products.

Ease of Use: Click the Documentation tab to quickly locate important ISE documentation resources.

Resources

> What's New in Xilinx ISE Design Suite

<

n

|E Start]@r: Design r Files li@ Ubfaﬁﬁ]@

ISE Design Suite InfoCenter

>

L

B

Console

i

EI Console [_6 Errors IJ} Warnings I‘lﬁ Find in Files Results




Add

File Edit View Project Source

a Verilog file...

Process Tools Window Layout Help

DPEFI L DEX|wal PR 2RI =R 1]

Design a=E-23
El\ﬁew:@@ | jon ©) [ Smulat
gj Hierarchy e
R
e
e JE| Add Source...
z| Th [i=] Add Copy of Source...
Yo C
T Manual Compile Order
[ fr
£ us‘; P Implement Top Module
m Libt

File/Path Display

Us

Expand All

Collapse All
P | T NoProj an Eing., Ctrl+F

No singl:
% é;\ge Design Properties...
A
m
I], Start | B3 Design F@ Fies | D) Libraries

Console
< n

Add a new source to the project

Add in a new file by right-
clicking On the project object in
the design hierarchy view

Select add a Verilog file

Saess . 3

Select Source Type

Select source type, file name and its location.
'y IP (CORE Generator & Architecture Wizard)
[0] Schematic
|=] User Document
|¥] Verilog Module
W] Verilog Test Fixture
' VHDL Module
VHDL Library
[P] VHDL Package ‘Testl]
[ VHDL Test Bench
g Embedded Processor

Eile name:

Location:

Pts\ACTIVE \Rhino \Bootcamp Tutoriastest 1\SimOnly | [uua)

Add to project I




You can use the Define Module form if you want to specify the ports
without typing in manually, but you may prefer to skip this and define the
ports in the code (especially as this is something that may need to be
edited |ater) Simulation configuration setting:

timescale <reference_time>/ <precision>
Each 1ns step simulated with 1ps precision *

‘ ﬂ [
@  NewSourcewian Specifies ‘timescale 1ns / 1ps
some i
Define Module % busses /
Specify ports for module. q // Company
Module name | Clock8w| /
Generates a
Port Name Direction Bus MSB K[ﬁi i Starting file // Des|gn Name:
start input E 7 . . .
— = EC like this /I Module Name: Count8w
- — e |:> Il Project Name:
out o:tput E 7 0\\ N ~_ -
wrapped ?utput E [} = These two //
it E g /o are just e
v - single /
inzut E B bit / wire module Count8w(
input =B ports input [7:0] start,
nput || ' input enable,
[ net ][ conce input clk,
— output [7:0] out,
- output wrapped —
);
endmodule

* Example of timescale use:

“timescale 1ns/1ps

means time scale is 1ns with resolution or least count of 1ps

#1 ; // 1ns delay

#0.001; // 0.001 ns this is the minimum delay at this time scale
#0.0001; // give 0 ns delay!! (not simulating to this fine a resolution)




Expand on the Verilog design...

// Additional Comments: counter with start input and wrap detection

module Count8w (
input [7:0] start,
input enable,

input clk,
output reg [7:0] out, //
output reg wrapped //

)
reg org start; // save the
// start an always loop --
always @ (posedge clk)
if (~enable) begin

this one needs to be a register to keep its data
set to true i1if gone past start

original start wvalue
is activated for each clk positive edge

out <= start; // the output is set to start if enable if low

org start <= start;
wrapped <= 0;

end else begin
out <= out + 1;

if (out == start) begin
wrapped <= 1;
end
end
endmodule

Bit_Simple Up_Counter

This is an adaptation of a more standard counter, as can be found on http://www.asic-world.com/examples/verilog/simple_counter.html#8-



http://www.asic-world.com/examples/verilog/simple_counter.html#8-Bit_Simple_Up_Counter
http://www.asic-world.com/examples/verilog/simple_counter.html#8-Bit_Simple_Up_Counter

Test Bench

o A Test Bench is a HDL program that
verifies the functional correctness of
the hardware design.

o The test bench program checks
whether the hardware model does
what it is supposed to do.

o Used with the simulator, tends to need
addition of simulator commands such E
as using the delay (#n) operation




Adding this to the simulator...

Creating a Verilog Test Fixture

.. And put in a suitable name for the resultant file, usually
It is followed by _tb to show it is a test bench.

SR

& New Source Wizard

Select Source Type

Select source type, file name and its location.

BMM File
€+ ChipScope Definition and Connection File

Eg Implementation Constraints File
4 IP (CORE Generator & Architecture Wizard)

Schematic

User Document

Verileg Module

Verilog Test Fixture /
VHDL Module

VHDL Library

VHDL Package

s VHDL Test Bench
Embedded Processor

mrsem |

Provide it a useful
file name

v

File name:
Count8w_th|
Location:

IVE\EEE4084F\20 16} ECTURES L ecture 15\Countdw | [ 1. ]

@ & New Source Wizard

Summary

[¥] Add to project

v

Next window lets you
associate to a file, choose
Count8w, should finally show
summary of tile to add:

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Next [ Source Name: scalarprod_tb.v

Assodiation: scalarprod

Source Directory: C:\temp\scalarprodhd|
Source Type: Verilog Test Fixture

[omsr J[ cons |




This is test bench file generated..

Creating a Verilog Test Fixture

*.. And put in a suitable name for the resultant file, usually

It is followed by _tb to show it is a test bench.

o ISE Project Navigator (P.68d) - C:\Users\swinberg\Documents\ACTIVE\EEE4084F\2016\L ECTURES\L ecturel 5\ Count8wACountBw.xise - [Count8w_tb.v]
File Edit View Project Source Process Tools Window Layout Help

IRELEEIEE Xwa| 2R RIN mE TR PL[Q
| Design «08 x| < 23 [/IIIIIIITTTTTEL LTI T EE L L i T i i i iiiiiiiiiiiiriiiiiiiiiiiiiiiiiiiiiiiiiiiiielz
B | view: ) @Ilmplementaﬁon © Simulaﬁon = 24
= P 25 module Count8w_tb;
:fag] H'E%Chy 26 // Inputs . .
= =] Count8 = .
flc a S 2| 2 e e This creates an instance
¥ W Count8w (Clock8w.v) 29 1k;
e N e of the module.
% — 31 wire [7:0] out;
A 32 wire wrapped;
o 33
E] ? 34 // Instantiate the Unit Und
iy s 35 Count8w uut (
33 % 36 .start(start),
37 .enable (enable),
@ 38 .clk(clk), . .
5 39 .out (out) h h
, o| = S This Is the parf you want
: €2 No Processes Running a1 ): .
‘?{: Processes: Count8w 42 A X TO ed IT TO generGTe
2 % Design Summary/Reports :i lnl;jaiq?igizize Inputs M M 1 M 1 M
5l 5 % Design it = T simulation ‘stimulus’ (i.e.
T/rt [ User Constraints 26 enabless 0 . .
— | @B Q) Synthesize - XST = 0; I g | )
S| - BAE) Implement Design :; L Tog g | n I nes eTC *
Q Gene.rate Programmipg File 429 // Wait 100 ns for global reset to finig
@@  Configure Target Device 50 $100;
€4 Analyze Design Using ChipScope 51 .
52 // Bad stimslus nere Use #100 to simulate
53
- oy . .
- waiting for 100 fime units
& Start | B8 Design !H&j Files | 0 Librariesl @ E Clocksw.v % 1 X Design Summary (Implemented) || { | ]

i Console

(typically 100ns)




Example test bench

‘timescale 1ns/ 1ps // simulation precision

initial begin

end

/[ Initialize Inputs
start = O;

enable = 0;

clk =0;

// Wait 100 ns for global reset to finish
#100;

/I Add stimulus here

start = 'd10:;
enable = 'b0;
clk =1;

#10; // delay 10ns

/I Add stimulus here
enable = 'b1;

clk =0;

#10; // delay 10ns

In the Altera simulator
the waveform editor
allows initial conditions
of lines to be set and
addition of clock lines,
but in test bench code
you need to implement
this behaviour




Click on Simulator and then double click simulate behavioural model

_o ISE Project Navigator (P.68d) - C:\Users\swinberg\Ds ts\ACTIVE\EEE4084F\2017\LECTURES\Lecture20 Verilog\Count8w\Counter8wTest\CounterSwTestxise - [Count8w_tb.v*]

@ File Edit View Project Source Process Tools Window Layout Help

DAEFL4DDbX/wa| [2LRR 2R =AM LR PcLQ
[Design e08 x| & 41 ¥ -
B View: ) {!}}hnplementaﬁon @ Simulaﬁon b= 42
5] (Behavioral vl —| 48 //always clk = #10 ~clk; // 50 MiHz
44
& Hierarchy \ © 45 initial begin
== ] CounterBwTest 46 // Initialize Inputs
i | B £3 xc3s500e-4fg320 47 clk = 'b0
_: =] Count8w_tb (Count8w_tb.v) 2 48 enable = 'b0
g; uut - Count8w (Count8w.v) = 49 start = 10;
A 50
% 51 // Wait 100 ns for global reset to finish
F] . 52 £100;
= Al s3
h % 54 // Reset only works if clock toggles
== 55 clk = 'bl;
@ 56 #10;
5) 57 clk = 0;
— 58 =
: ) NoProcesses Running 59 // Add stimulus here
Ei’t Processes: Cf)unt.Bw_tb /' Zg :'I:::k:l?/=d:‘j:; S
e % ISim Simulator X 62
% @ B'ehavioral Chec‘k Syntax 63 // let the counting proceed
Y4 Simulate Behavioral Model 64 forever begin |
- &5 clk = clk + 1; =
’ 66 $10;
67 end
68
g end
Double cli¢k
71 endmodule _d
72 <
il »
& Start ‘ B3 Design !UQ Files I@ Librariesl = Design Summary 82 Countsw_tb.v* BI;J

Console

ISim simulation engine GUI launched successfully

Process "Simulate Behavioral Model" completed successfully

< | n

[ J
Console ’—6 Errors IL Warnings | /g8 Find in Files Results

Ln 51 Col18 Verileg

Testbench can be further refined to simulate behaviour of other inputs
and continue the clock for longer (e.g. using always or ‘forever begin’

simulation commands.




-

£ ISim (P.68d) - [Default.wcfg]

;Eile Edit View Simulation Window Layout Help

O2EZ XDEX® (v oM@ Q=

Source Files +«+ O & X Objects <0
= Simulation Objects for Count8w_tb
i Al 1 &
CountBwy [ERIE0) « _
Countiw tb: S 00001011
glck))LI‘: R Object Name Value o
25 out[7:0] 00110111 T —
L@ wrapped (1]
B start[7:0] 00001010
j) enable 1
B ck 1

‘a% Instanc.,,l Memory 1 |2) source

-

0 » Q Default.wcfg

Console

Time resolution is 1 ps

Simulator is doing drcuit initialization process.

Finished circuit initialization process.

ISim> S

Compilation Log

120,002 ps

E]Comniat (@ & 2 & FndinFes® 5 R




Further examples to try using simulators or on the actual hardware:

More http://www.asic-world.com/examples/verilog (these also provide
examples that can be run using iVerilog)



http://www.asic-world.com/examples/verilog

Generating Verilog from the Schematic Editor

It can occasionally be useful to generate a Verilog code file from an existing schematic, e.g. if you

started with a schematic and then wanted to change to using the Verilog code directly.

Starting with a new project... (can use an existing project also)

>

@ New Project Wizard

|

Project Settings

Spedcify device and project properties.

Select the device and design flow for the project

NEXYS 2

Synthesis Tool

Simulator

Preferred Lanquaqe

Property Specification in Project File
Manual Compile Order

Property Name Value
Product Category EA"
Family |Spartan3E
Device XCBSSOOE
Package FG320.
Speed -4
Top-Level Source Type _ HDL

XST (VHDL/Verilog)
iISim (VHDL/Verilog)

'Store all values

noplnnonn

VHDL Source Analysis Standard ‘V-}'-idL-SiS‘ E
Enable Messaqe Filtering [l
o) (o

Change to Verilog
(optional as you can
add in Verilog to a
project with preferred
language VHDL)




Click to create a new source file

o ISE Project Navigator (P.40xd) - C\Users\swinberg\Documents\ACTIVE\Rhino\Bootcamp\Tutorialsitesti\Tut1Test!\Tut TestLxise i [E=EET =)

|| File Edit View Project Source Process Jools Window Layout Help

IéDBHﬁFI‘.[}n BXx|wa| »
ign 08 x|
view: © {8} Implementation ()

Hierarchy &

=}
B New Source...

& Add Source...
Eg] Add Copy of Source...

Manual Compile Order

P Implement Top Module

P LRR AR =E I LRIPELQ

H | B || |6 fn = |§

File/Path Display »

Expand All
“ Collapse All

T Nl AR Find.. Ctrl+F

Design Properties...

€2  Update All Schematic Files

€2  Compile HDL Simulation Libr...
Regenerate All Cores

Check All Core Versions

g [HE|v
m
@

& Start | &3 Design | ] Fies | [ ibraries|

Console

< mn

EI Console |_6 Errors |A Warnings |R th'nFlesResl!sl
Add a new source to the project

A e o o the e

& ISE Project Navi (P.40xd) - C:\Users\swinberg\Doct ACTIVE\Rhino\Bootcamp\Tutorials\test1\Tut1Test1\Tut1Test1.xise [=[@] "

File Edit View Project Source Process Tools Window Layout Help

DRG] pbXxval 2,38 2RI

Design <08 X

[1] | View: @ @!nﬂememalion © Simulation

g@ Hierarchy

= €3 xc3s500e-4fg320

T Empty View

o

= The view currently contains{

;J You can add files to the pr

using the toolbar at left, con |

from the Projectmenu, and{ | Select Source Type

@ using the Design, Files, and.

Ll Libraries panels. Select source type, file name and its location.

m ¢y IP (CORE Generator & Architecture Wizard)

Use: [0] Schematic
*New Source: To cred| |=] User Document \
new source file. [v] Verilog Module
] Verilog Test Fixture

» | 82 No Processes Running [t VHDL Module File name:

— () VHDL Library

7L | No single design module is sele [¢] VHDL Package ‘Teslsd\emaﬁd
P | =%  Design Utilties [y VHDL Test Bench B ciitn:

— ¥)  Update All Schema s Embedded Processor

o € Compile HDL Sim ACTIVE Rhi
= Regenerate All Corg

m Check All Core Vers

Add to project

([ (oot |

& Start | B3 Design |I[] Fies

Can add a schematic
to start with...

Console 08 X
<[ (T »

[E] console [6 Errors |_A Warnings Iﬁ Find in Files Results
I

Add a new source to the project

|1

23

BRI

= = v,
L )




Add a symbol...

EEE4084F-Lecturel5.pptx - Microsoft PowerPoint

& ISE Project N

igator (P.40xd) - C:\Users\swinberg\Doc

SACTIVE\Rhino\Bootcamp\Tutorials\test1\Tut1Test1\Tut1Test1.xise - [TestSchematic.sch*]

@ File Edit View Project Source Process

Add Tools

Window Layout Help

[-[=]x]

DAEP| L] %

Ax|wal»ipraR AR

2R TS AR

PELQ

Symbols

o085 X

Categories

LT
- Latch

- Mux

Shifter

10_FlipFlop
- 10_Latch

Logic & -

- Memory

Shift_Register

nd X

II\

4

Symbols

and12
and16

and2bl
and2b2
and3
and3bl
- and3b2
and3b3

Symbol Name Filter

Ori

Rotate 0

=]

I

IE
308 |G DYE|>ONO /|8 T !

Symbol Info ]

Place somewhere

s I [E Lbrariesl

o

Symbols !?’o‘] 0phons|E]>|é

TestSchematic.sch®

g_| = Design Summary

[x]]

Console

Started

: "Launching Schematic Editor to edit TestSchematic.sch".

< m

=

Launching Design Summary/Report Viewer...

Console iré Errors |_A Warnings |tﬁ Find in Files Results

[496,1008]




[ T L vy -

Add an IO marker or three

=)

Options

08 X|

Add IO Marker Options

|

When you dick near the end of a branch,
what do you want to do:

@ Add an automatic marker
) Add an input marker

I Add an output marker
Add a bidirectional marker
Remove the marker

300 0

When you add an I/O marker, setits
orientation so that its direction from its
connection pointis:

|Automatic [+]

In addition to dlicking on a branch end point,
you can drag a rectangle around one or more
branch end points to add or to remove I/O
markers at those points

L dl

L3
re

m:-w|\-s|>ceg|>m\oJl&w@T




Put in some better names

. J - - - -
L it et o S i i ise - ic (=8 )
| = ISE Project Navigator (P.40xd) T camy test1\TutlTestI\TutiTestlise - [TestSchematicsch']
T{|D) Ele Edit View Project Source Process Add Tools Window Layout Help [=]=]lx]
s D2 B S] 8 B X|o | ”‘ »
lidg | options 08 x| & 5
Shi
1 [ 'Add 1/0 Marker Options | B
| u
When you dick near the end of a branch, =
what do you want to do: o |
Add an automatic marker b=

Add an input marker

Add an output marker
Add a bidirectional marker
Remove the marker

)

When you add an 1/O marker, set its
orientation so that its direction from its
connection point is:

Automatic [

Ll

In addition to dicking on a branch end point,
you can drag a rectangle around one or more
branch end points to add or to remove I/0
markers at those points

B« BRx=dPIB[>ONO |4 b

;lFQUbfaﬂalE.? Symbols | 24 Options ET TestSch .

Console

Started : "Launching Schematic Editor to edit 1° °
Launching Design Summary/Report Viewer...




Generating the Verilog...

You need to run synthesis to generate the Verilog code (only works if you
chose Verilog as preferred language)

Once done, look for the VF file with the same name as the schematic file.

Documents library
TutlTestl

Name

|| TestSchematic.bld

|| TestSchematic.ngd

|| TestSchematic_ngdbuild.xrpt
|| TestSchematic.stx

|| TestSchematic.ngc

[T

|| TestSchematic.ngr
|| TestSchematic.syr
|| TestSchematic_xst.xrpt
|| TestSchematic.lso
|_| TestSchematic.prj
| TestSchematic.xst

Date modi}ied

2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM
2016/04/12 05:52 PM

Arrange by:  Fc

‘ || TestSchematic.vf

2016/04/12 05:52 PM

| sch2HdIBatchFile
|| TestSchematic.schlog
|_| TestSchematic,jhd

- | TestSchematic.sch

2016/04/12 05:52 PM
2016/04/12 05:48 PM
2016/04/12 05:43 PM
2016/04/12 05:43 PM

Type Size
BLD.Eil~ 1vD
library v Share with v Bumn New folder =4 ] e JL
NC e e Lol e b
\,(F"’“ | File Edit Sesrch View Encoding Language Settings Macro Run Plugins Window ? x]
OREB s S| 4 MWD ng 2 RRHTELOBEHEEEEB] &Y [
ST {5 TestSchematic o | IF
Nl O i
o 2 2 // Copyright (c) 1995-2012 Xilinx, Inc. All rights reserved.
r\]l‘"‘“ TIPIEIIEIIITEITET L LT EL IR LELTLLTITET L E LT LR T R LT8R I i ELtiEIitieierieri
. //
7"/ N /
SY & ///__/ \ / Vendor: Xslinx
T /N A \/ Version : 14.3
XF & /7N A\ Application : sch2hdl
s /1 /7 / Filename : TestSchematic.vf
LS 0 /11 N Timestamp : 04/12/2016 17:52:10
1/ \ X i N
PF 120/ WA\
1"
X( 4 //Command: sch2hdl -intstyle ise -family spartan3e -verilog C:/Users/swinberg/Documents/ACTIVE/Rhinc/Bootcamp/|
g //Design Name: TestSchematic
6 //Device: spartanse
VE //Purposes
8 // 8 verilog netlist is translated from an ECS schematic.It can be
Fikem 14 //  synthesized and simulated, but it should not be modified.
20 1
SC 2. ‘timescale ins / 1ps
2 |
JH module TestSchematic(Al,
2 B1, - .
s * =.  Code is fairly human L
; g
obscure, automatically
AND2 XLXI_2 (.IO0(B1),
.I1(A1),
== generated symbols names
|

:!Numallmllie length:1223 lines:36 Ln:22 Col:1 Sel:0|0 Dos\Windows: ANS NS |

Further discussion about Schematic to Verilog: http://www.edaboard.com/thread217131.html
and Schematic to VHDL: http://stackoverflow.com/questions/8968982/how-to-generate-vhdl-code-from-a-schematic-in-xilinx



http://www.edaboard.com/thread217131.html
http://stackoverflow.com/questions/8968982/how-to-generate-vhdl-code-from-a-schematic-in-xilinx

Suggested assignment

AL e~ |
B ] 1) ) —gum
| |
1 | |
| L | |
| —)7 J»—_>— |
; 5 A—ean
cH ]

This is a 4-bit adder design. Try to convert this into Verilog.

Try to run on one or a few of the simulation tools presented in next slides...




Supplement

If you have Quartusll installed already you could of course also use it for
experimenting and generating Verilog...

You may find the Quartusll simulator easier to use, which could be a
reason to use this tool.




Learning Verilog in Quartusll

One approach is using a block diagram and converting to Verilog HDL.
E.g. using Altera Quartus Il

¥, Quartus Il - C:/Temp/delme/Testverilog - Testverilog - [Testverilog.bdf]

H 78 Edit View Project Assignments Processing Tools Window Help 2B %
O D) New... Ctr+N  lestverilog o @@S T r e vH | E @8 2o
'ﬂ & Open... Qo = x Testverilog.bdf | & Compilation Report | & Testverilogw
Bl Close Ctri+F4 = ]
&
i) New Project Wizard...
| & Open Project... Ctrl+J
Convert MAX+PLUS II Project...
Save Project
Close Project
| & 52 — File type -
@ Save As... i S s ‘
T_‘ 3 = % r VHDL A VUL Stiaemenis
ask | ] oo 4
FIO\; - v N g :
{E File Properties... ‘ : sclr | upcour 0 Verllog HDL

| Create / Update ’ Create HDL Design File for Current File I :

Export... Create Symbol Files for Current File File name: CZ;’Tempa’delmea"TBSNEYi'Og-V
Convert Programming Files... Create AHDL Include Files for Current File

Create Verilog Instantiation Template Files for Cul
Create VHDL Component Dedlaration Files for CuI

oK Cancel

| €0 Page Setup...
\I:Q Print Preview

(}égrintm Ctrl+P :::::::::::::::::::::::::::::::::::::::::::::::::::::‘:::l =
= 1 E
"< Recent Files ] =
S | — — il
Recent Projects » Testverilog.bdf
[ . i - ‘ o altaccumulateO:inst3)" |
Exit Alt+F4 “reate JAM, SVF, or ISC
@ Error: Quartus II C!  (Create/Update IPS Fie... + 0 warnings E
& Create Board-Level Boundary-Scan Fie... 2

Syster (6) )\B'F!,':,elsfi,',',g,@ I{, Extralt ressed )\F,'QQ,/
@ : & Create Top-Level Design File From o
%v-, |MessageA 9of15 2| = - LI Locate

Creates a VHDL or Veriog HDL file from the current file [owm= | Idle INUM

ages —




Learning Verilog

One approach is using a block diagram and converting to Verilog HDL.
E.g. using Altera Quartus Il

¥, Quartus Il - C:/Temp/delme/Testverilog - Testverilog - [Testverilog.v]

@ File Edit View Project Assignments Processing Tools Window Help - |8 x
DSE@ & & BE o o |Testveriog TlxXs@ee|T(> WO kS @ (a0
Project Navigator - | 4% T Testverilog bdf | § Compilation Repart | @ TES‘V‘!"'UQ v
Entity ——
& Cyclone: EP1C12F324C8 ‘ 5= 13 e s Hoad S
i 3 Testverilog &g ‘ =module Testverilog
=== =e——n ;M 20 Ain, Bin, ClrCnt, Clk, Xout,
o8 21 sumout
# 22 )os
= 23 |
g| 2¢ dmpur ain See how param types are
== 25 input Bin; / L
4| 26 input Clrcnt; specified
1 % 27 input  Clk;
&Hierarchvl@ Files | 8 Design Units | % 28 output Xout;
Tasks ax X 2% output [7:0] SumOut;
Flow: | Compilation ~| — 30
Taskm U 31 wire [7:0] SYNTHESIZED WIRE 0;
o 32 T
S| P C ile D === 3 v %
on;pli es;g; thesi (] 33 assign ZXout = Ain & Bin; S h i i I d d
nalysis & Synthesis ee how in Quartusll include
s Fmer(Place&ROUte) £ gg =altaccumulatel b2v inst?é/ H H
2 Assembler (Generate programming file 26 clock (C1k) — mOdUIeS are |nstant|ated and
Classic Timing Analysis | : % .. oy
= 37 .data (SYNTHESIZED WIRE 0), (
e ! i
= EDA okt Wosey = 38 .result (SumOut)) ; portS eXp“Cltly mapped X|||nX
@ Program Device (Open Programmer) s 39 h t t d th t
= chose Not 10 do the expiCl
i

—oo,tt_maopma_whenmertmg

e ]Message

Typ
j/ Info: R“nnlnc Quartus II Create Verilog File Trolll Scnel I la[IC [O Coae_)

2 V) Info: Command: gquartus _map —-read settings_files=on --write settings files=off Testverilog -c Testverilog —-conve:r
j) Info: Found 1 design units, including 1 entities, in source file Testverilog.bdf

b Info: Elaborating entity "" for the top level hierarchy |
b Info: Quartus II Create Verilog File was successful. 0 errors, 0 warnings v

~

\ >
System (8) ),Processing (6) A Extalnfo A Infa (B) /, Waming j, CiiticalWarning A Eror }, Suppressed ) Flag /

|Message 0of13 i] jJ | ocation LI

“For Help, press F1 [In23,Col1 [ R=# | Idle ~ INnum

n
@
=]
L)




Checking syntax

| find a handy
tool is the file
analyser tool in
Quartus Il. This
can be used to
check the
syntax of the
file without
having to go
through the
whole build
process.

ssing Tools Window Help =] 3¢
g M s @RS D> WD %S9 ale
Testverilog.bdf | & Compilation Report- Flow Summary | & Testverilog.v
== 26 ): b/
> 27
f? 28
M 29 input Ain;
0 30 input Bin;
- 31 input ClrCnt;
e 32 input Clk;
= 33 output Xout;
A 34 output [7:0] SumoOut;
* 35
% 36 wire SYNTHESIZED_WIRE_O;
il 37 wire [7:0] SYNTHESIZED WIRE 1;
] 38
il 39 assign Xout = SYNTHESIZED WIRE O0;
S 40
B 4
== A0
|dAnalyze Current Flel _; \  syNTHESTZED WIRE 0 = Ain & Bin B
ab 44
| 45
ot 46
= 47 maltaccumulatel0 b2v inst3(
- 4R clock(Clk). -
= ||I€ [ >
nalyze Current File
--read _settings_files=on --write_settings_files=off Testverilog -c Testverilog —--—analyze_

urrent

File was successful. 0 errors,

0 warnings




TESfi n g (See test2.zip for example Quartus project that

contains only Verilog files and waveform file)

¥, Quartus Il - C:/Temp/test2/Test2 - Test2 - [Test2.vwf]

'B File Edit View Project Assignments Processing Tools Window Help |5 x
Dﬁ "’“l ﬂ & f ¢ Quartus Il - C:/Temp/test2/Test2 - Test2 - [Simulation Report - Simulation Waveforms]
P:l:;:yNawgam 4@ Fle Edt View Project Assignments Processing Tools Window Help -8 x
& Cyclone: EP1C12F324C| () & d (@ & | % BR|v o ‘|Test2 LH)X IBBR D e Dk @ % 2o
=o#? mpnand g #r;ié%tNaVigéwr = = &« mynandwv | & Compilgibn Report - Flow... ] A Test2wwi I'@ Simulation Report - Si...
ntity

Simulation Waveforms

Simulation Rep

@ Cyclone: EP1C12F324C8

T d & Legal Notice | Simulation mode: Timing
T Mynan FR Flow Summ.
EE Flow Setting
=3 Simulator
1 &SR Summar — —— = . :
rHierarchy | B Files | 6 De S Settings Y Master Time Bar:| 10.925ns  «|*|Pointer.| 14.45ns Interval:| 353ns  Start: End:
Tacks &G simulatio | A
Flow: |Compilation +-&H1 Simulatio | 58 Name Valie ot i 200ns A00ns 500 s 800 n%
e | Q% INI Usagi Q 1093 ns 10,92-|5ns
+ E P Compile Design &Hierarchv@Files]iFDesiannits] &F'52 Message: | =0 . B1 . = I
H = =
v B Analysis 8 S 3 a!n S
\/ EJ P Fitter (Place Lo e i} - B B0 L
v EIP Assemblerﬁ F|O\M|C0mp|[at10n L] #, O 2 xout | B1 1 —
¥ &P Classic Tim| Task¥ i
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Suggested study ideas...

o See Verilog tutorials online, e.q.:

o http://www.verilogtutorial.info/

o Icarus Verilog — An open-source Verilog
compiler and simulator &

o http://iverilog.icarus.com/
o Try iverilog on forge.ee S~=-21

o Gplcver — Open-source Verilog interpreter
o http://sourceforge.net/projects/gplcver/
o Try cver on forge.ee

o Verilator — An open-source Verilog optimizer [
and simulator

o http://www.veripool.org/wiki/verilator

Comprehensive list of simulators:
http://www.asic-world.com/verilog/tools.html



http://www.verilogtutorial.info/
http://iverilog.icarus.com/
http://sourceforge.net/projects/gplcver/
http://www.veripool.org/wiki/verilator
http://www.asic-world.com/verilog/tools.html

Icarus Verilog

Probably the easiest free open-source tool available
Excellent for doing quick tests.
Takes very little space (a few megs) & runs pretty fast.

Installed on forge.ee
For Ubuntu or Debian you can install it (if you're linked to the
leg server), using: apt-get install iverilog

lverilog parsing the Verilog code and generates an executable the PC can run
(called a.out if you don’t use the flags to change the output executable file name)

swinberg@forge:™/TestVeri$ iverilog mynand.v
sWwinberg@forge:~/TestUeri$ ./a.out

| suggest the following to get to A:=0,B:0, Nand output W = 1

know iverilog... upload mynand.v
example to forge.ee, compile it =0, B =1, Nand output w = 1
with iverilog. Run it. Try changing
the testbest code, put in some

more operations =1, B =1, Nand output w = @

= 0, Nand output w = 1

swinberg@forge: ™ /TestlUeri$

http://iveriloqg.icarus.com/



http://iverilog.icarus.com/

More Experimenting

Try test3 or mycounter.v as a more involved program and test
Experiment with using both Altera Qauartus I, Icarus Verilog, and Xilinx ISE ISim

¥, Quartus Il - C:/Users/swinberg/Documents/ACTIVE/EEE4084F/2012/LECTURES/EEE4084F-Lecture15/CODE/test3/test3 - test3 - [Simulatio... Q

@ File Edit View Project Assignments Processing Tools Window Help - | & x
DELd & ftest3 ~xereee L R R B A S OB R

Eraiec NaviGate S X e mycountery | & Compilation Report-Flow... | T testd.vwf | §¢ Simulation Report - Si...
Entity

Cyclone: AUTO
e 24 mycounter &)

Simulation Repc [Eul= LG LRYEIE {041
B Legal Notice
Flow Summa

HEE Flow Settings

Simulation mode: Timing

B3 Simulator
EE Summal
gg SemngSW I Master Time Bar:| 11.775ns  «|»| Painter: Ops Interval: -11.76ns  Start: End:
gg z::z:::g g " Va ps 10.9 ns 20,9 ns 30.(|J ns 40.9 ns SO.Q ns 60A0|n4
] &E INI Usage | @, ame |11 11.77Js ns
Hierarchy | B Files | & Design Units | & £ Messages =i —— . X_ - v . v : ¥ 5 e
Tasks X s 9 reset e ]
Flow: |Compila\ion L] a |10 clk | | ] | J | J | J | J |
Task® o= —~
v B P Compile Design
v &P Analysis & Synthesis 8%
v Eb Fitter (Place & Route) 2l . e = . -
v i-b Assembler (Generate progiammi swinberg@forge: ™ /TestUeri$ iverilog mycounter.v
v &P Classic Timing Analysis . ~ .
b EDANetist Witer swinberg@forge:™/TestUeri$ ./a.out
W Program Device (Open Programmer) % , c 1 k - 0 ! rese t - 1
. d | 3] = 0, clk=1, reset=1
; ET:TX;/pe lMessage e fewer signal transitior 0 ’ c 1 k = 0 ’ rese t ® 1
_;j e tioned into 1 sub-simulati 0 | clk: 0 \ reset - 0
ik 1, clk=1, reset=0
: 1, c¢lk=0, reset:=0
g System (40) A Processing (Q)A Extra Info )\ Info (9) )\Warning )\ Critical Wan 2

clk=1, reset=0

L]
E[Message: 0of16

| &l

For Help, press F1

2, ¢clk=0, reset:=0

suinberg@Forge:N/TestUeri$




Intro to Xilinx ISE using simulation
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Xilinx ISE Simulation Tutorial.mp4

Short video

https://www.youtube.com/watch?v=pkJAWpkaiHq



https://www.youtube.com/watch?v=pkJAWpkaiHg

Intro to Xilinx Vivado

Short video

http://www.youtube.com/watch?v=H6W4HKbjnaQ



http://www.youtube.com/watch?v=H6W4HKbjnaQ

Disclaimers and copyright/licensing details

| have tried to follow the correct practices concerning copyright and licensing of material,
particularly image sources that have been used in this presentation. | have put much
effort into trying to make this material open access so that it can be of benefit to others in
their teaching and learning practice. Any mistakes or omissions with regards to these
issues | will correct when notified. To the best of my understanding the material in these
slides can be shared according to the Creative Commons “Attribution-ShareAlike 4.0
International (CC BY-SA 4.0)” license, and that is why | selected that license to apply to
this presentation (it's not because | particularly want my slides referenced but more to
acknowledge the sources and generosity of others who have provided free material such
as the images | have used).

Image sources:
man working on laptop — flickr
scroll, video reel, big question mark — Pixabay http://pixabay.com/ (public domain)

References: Verilog code adapted from
http://www.asic-world.com/examples/verilog

@O0
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