
Projecto e Controlo em 
Lógica Digital

1

Refs:

Cyclone II device Handbook, Altera corp.

Quartus II Handbook , Altera corp.

DE2 documentation

Verilog HDL, S. Palnitkar, Prentice Hall

•Combinational logic

•Modules

•Sequential Logic

•Tools 

Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you)

www.lip.pt/~pedjor/PCLD2014
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Gate Level Description

Building a multiplexer using gates

module mux(input a,b,sel, 
output out, outbar);

wire selb, out1, out2;
not n1(selbar, sel);
and a1(out1, a, sel);
and a2(out2, b, selb);
or o1(out, out1, out2);
not n2(outbar, out)

endmodule 

Verilog has built-in basic logic gates:
And, nand, or, nor, xor, xnor, not, buf

WIRE: represents connections between elements.

How to use:

wire out1;            //declares there will be a connection named 

and a1 (out1, input1, input2);    //meaning:

//implement an gate

//named 

//the output is 

//the inputs are , 
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The HDL

HDL = Hardware Description Language

HDL Description

“What we want”

FPGA
Configuration

“Compiler”

Logic Synthesis
Fitter

HDL -> Logic

Functional Description

Place cells
Interconnect

Physical Design
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Verilog data values

Value Meaning

0 Logic zero, “Low”

1 Logic one, “High”

Z or ? High Impedance (tri-state)

X Unknow (simulation)

Numeric constants

Value Meaning

123 Default: decimal radix

‘d123 ‘d=decimal radix

‘h7B ‘h=hexadecimal radix

‘o173 ‘o=ocatl radix

‘b111_101 ‘b=binary radix

16’b11111 A binary with 16 bits

16’d5 A 16 bit decimal = ‘b0000_0000_0000_0101

Full format: <Width>’<Radix>value
Width: number
Radix: d=decimal, h=hex, o=ocatl, b=binary
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How many bits?

Wire ab; A 1 bit wire called ab

Wire ab,cd; Two 1 bit wires called ab and cd

wire [31:0] ef; A 32 bits wire bus called ef;

{ab,cd} Concatenation of ab and cd;

ef[15] Bit #15 (the sixteenth) of ef

ef[7:0] First 8 bits of ef (the ones to the 

right

What does this means?

wire [31:0] kk;
Wire [7:0] a,b,c,d;
Assign kk={d,c,b,a}

Note:
wire [7:0]a;
wire [0:7]b;
The two forms can be used. Prone to error if mixed.
Standard convention: [MSB:LSB]  w/ MSB>LSB  &  LSB=0
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The REG keyword

reg = register
is intended as a variable type

LeftHandSide inside always blocks must be reg!

For historical reasons...
reg is not always a clocked register (althought it would make more sense)

reg can be used directly in the port declaration:
output reg [15:0] result

or in the declaration of a net:
reg a;
reg[31:0] b;

Do not use reg with assigns:
reg out;
assign out=0;
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Continuous Assignments
(aka dataflow)

Sequential behaviours
(aka procedural)

The assign construction
assign LHS = RHS ;
can use operators...

wire a,b,c,d,e,f,g;
assign a=b;
assign c=!d;
assign e=f+g;

The “always @” construction
always @ (sensitivity list)
begin

LHS=RHS;
end
can use operators, if, case, ...

wire b,d,f,g;
reg a,c,e;
always @ (b,d,f,g)
begin
a=b;
c=!d;
e=f+g;

end

can be:
always @ (*)
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Mix Assignments
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n-bit signals
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Integer Arithmetic
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Danger
If out is not

assigned during any

pass through the

always block, then

the previous value

must be retained

LATCH

Solution:
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Danger

Solution:

If-else and case statements

are interpreted very literally!

Beware of unintended priority logic
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Modules, 
again, and 
again and 

again...
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Structuring... Modules

Modules are the building blocks in Verilog!
There is at least one module: The top one that has the name of the project!

Module

Ports

Ports in the top level module link directly to the pins

Input Output

Kernel
e.g. AND gate
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Modules with different juice...

module mux(input a,b,sel, output q, qbar);

endmodule 

wire selbar, q1, q2;
not n1(selbar, sel);
and a1(q1, a, selbar);
and a2(z2, b, sel);
or o1(q, q1, q2);
not n2(qbar, q)

assign q = sel? a : b;
assign qbar = ~ q;

always @ (a,b,sel)
begin
if (sel) q=a;
else q=b;

end
assign qbar = ~ q;

We just need to know the shell, the interface, and its function!
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Call the port by its name!

module mux(i0,i1,i2,sel,out);

Option 1: Know the order and write all ports...
mux my_mux (add_out, sub_out, mul_out, f[1:0], res);

Option 2: Know their names...

syntax: module_type module_name (.port_name(net_name), .port2_name(net2_name));

mux my_mux (.i0(add_out), 
.i1(sub_out), 
.i2(mul_out),
.sel(f[1:0]), 
.out(res));

mux my_mux (.sel(f[1:0]), 
.out(res),
.i0(add_out), 
.i1(sub_out), 
.i2(mul_out),
);

mux my_mux (.sel(2’b00), 
.out(res),
.i0(add_out), 
);

port 
name

net
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Parametrized modules

could be useful if we could build “generic” modules
for instance a mux for data buses that can be 1 bit to 32bit

if we have a parameter that seems easy

module mux #(parameter W=1)
(input [W-1:0 i0,i1]
output [W-1] out
input sel);

assign out= sel ? i1 : i0;
endmodule

parameter named “W”
default=1

Using a parametrized module

wire aa;
wire [15:0] bb,cc,zz;
mux #(.W(16)) m1(.sel(aa),.i0(bb),.i1(cc),.out(zz));

wire a,b,c,z;
mux #(.W(1)) m1(.sel(a),.i0(b),.i1(c),.out(z));
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and of course... be creative...

You can instantiante lots of modules that feeds one another...
Each instance is like a “new chip” of that type
Each instance must have different names

How many instances can drive a net??

Sometimes drawing in a paper is useful... 
just draw boxes, don’t need to be an artist...



Build an ALU
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Connecting modules to build complex machines
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Modules
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Top-Level: connect the modules
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Until here: 
Combinational 

logic
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Sequential Logic
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Assignment styles for sequential logic
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Use nonblocking for sequential logic
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Use blocking for combinational logic
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= vs <= inside always
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Example: A simple counter
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reg [31:0] count ;

assign LEDR = count[17:0];
always @ (posedge CLOCK_50)
begin

count <= count +1;
end

wire [7:0] H_PWM;
wire [3:0] bright;
assign bright=SW[3:0];
reg [3:0] PWM_count;
always @ (posedge CLOCK_50)

PWM_count<=PWM_count+1;
assign H_PWM=(bright>PWM_count)? 7'hFF : 7'h00;

Counter 32 bits in the leds...

PWM – Pulse Width Modulation
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The Asynchronous counter
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The ripple counter in verilog
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Logic for a synchronous counter
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Tools - Simulation
Quartus IIVerilog

http://www.asic-world.com/verilog/timing_ctrl1.html#Example_-_clk_gen

Define the signals :

Inputs – stimulus

Outputs - results

Define the stimulus to the system

Run the simulation and you get the result

http://fpga4u.epfl.ch/wiki/Image:Simulation.jpg
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Tools – Measurement instruments

Waveforms

Logic Levels
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Tools – Internal Logic Analyser
Signal-TAP embedded Logic Analyser

Quartus II Handbook Version 9.0 Volume 3: Verification
14. Design Debugging Using the

SignalTap II Embedded Logic Analyzer



48

Tools – Internal Logic Analyser

CONTROL

The signal

you want to 

“see”

Trigger

definition

Clock

definition
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Tools – Internal Logic Analyser

The logic analyser will collect data from the registers and output it through
the JTAG programming interface

Tools – Signal probe

Internal signals can be extracted to output pins and connected to na 
external logic analyser. Signals can be exchanged easily…
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SignalTap step by step
•Open DE2 default and compile it!
•Program DE2
•Tools�Signal TapII Logic Analyser
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•Setup the hardware (choose the USB blaster)

•Define the clock
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Choose the signals to observe. Choose Cont 25,24,23,22

•Compile the project! You may need to save some files and answer some questions
•Program the board
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Run Analysis�Green (acquisition in progress, acquiring data

Run Analysis (1 time) Run Analysis (continuous) Stop
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Finally: data!!

•Select the four signals;
•Edit�group

•Select the group
•Edit�Bus Display Format�Unsigned Line Chart

•Unzoom
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