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/// Module

// iP: 4.1 Good description.

f/f H: 2.3 Material covered ocut of order.

// :LBRM: 12.1 Advanced.

// Describes a part,

/7 can be simpler than a gate

// or more complex than an entire computer.

/ : :

// A module is defined once (see example) and can be /finstantiated/,

// used by other modules, many times.

// :Example:

¥ .

// A definition of a module with no inputs or outputs, and that does nothing.

module my first module();

endmodule

4

:Keywords: module, endmodule
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/// Module Ports :

7/
//
7/

//

//
//
/
//

//
//
//
r

:P: 4.2 Good description. .
tH: 2.3 Material covered out of order, %
:LRM: 12.3 Advanced.

e

A /port/ is either an input or an input [cor an inout] of a module.

Fach port has:
a name E.g., c¢leck, g, my input
a direction: input, output, [or inout]

iExample:

A module with two ports, an input and an cutput.
Though it has twe ports it still does nothing.

module my_second module (my_first output,my first_input);

input my. first input;
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output my first output;
endmodule
// iKeywords: input, output

/// More Information
//
// The port declarations must be at the top of a module.
// A module can have any number of ports.
// Each port name must appear near the module name {my second_module)
/7 and with a port direction below (input my_ first input}.
// The input and output keywords can be followed by any positive of names.
// Inputs and cutputs can appear in any corder.
// In class outputs will appear first,

// :Example;
/7
// B module with four ports. Also does nothing.

module my third module{a,b,c,d);
input a, c¢;
cutput b;
output d;

endmodule
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/// Wire )

/f P 3.2.2
/7 iH: 2.4.1 Material covered out of order.
/7 :LRM: 3.2, 3.7 Advanced.

// Objects of type /wire/ (among other things) are used to connect
// items within a module.

//

// :Example:

/ :
// A module with a wire, ¢, declared. It deoesn't connect to anything.

module my first wire module{a,b);
output a;
input b;

wire (o}

endmodule

]
// Bxample:
I

// A module with three wires declared: ¢, d, and e. None connect

'// to anything.

module my_second wire module{a,b):
output a;
input b;

wire c,d;
wire e;

endmodule

// :Keyword: wire
// Used to declare wires.
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/// More Information
s
// The wire declarations can appear in many places in a module.
// wire is ane of several /net/ data types.
//  Other net data types not covered in this course.

;;j/////////////////////////////////////////////////////////////////////////////
Gates

// :P: 5,1 Good.
// tLRM: 7.1, T.2, 7.3 Advanced,

// A /gate/ is a /primitive/ component.,

¥ .

// Some Verilog gates: /and/, /or/, [xor/,
//

// /primitive/: something that is not defined in terms of something else,

// :Example:

/7

// A module implementing: x = ab + ¢ using gates,
// Finally, a module that does something!

module my umm_lost_count_module{x,a,b,c);
input a, b, c;
output x;

wire ab;

and andl(ab,a,b};
or orl{x,ab,c};

endmodule

/// More Information

/

// Gates are instantiated in modules.

I E.g.: and andl{(ab,a,b);

// The instantiation specifies a gate type (and), a name (andl},

I¥4 and a list of port connecticns {ab,a,b).
/7 '
// There are many rules for what can appear in a port connection.
// Based on material covered so far...
/7 ...port connections can be inputs, outputs, or wires.
/r They can also be {based on material covered later)...
// ...sized constants, variables, and expressions {subject to restrictions}.
/[ '
// Several gates, including "and" and "or" can have one or more inputs.
// That is, there is no need for separate 3-input AND gates, 4-input AND,
7/ gates, etc,
/
// It does not matter what order gates are instantiated in. See
/7 two examples below.
//
/// Gates to be used in class:
// :Keywords: and, or, nhot, xor, nand, nor, Xnor.
// :Example:
¥4

// Bnnotated version of module above.
module my umm_lost count module_a(x,a.b,c);

input a, b, c:
output X;
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// Wire declarations can be omitted, but please don't., Could have e/
// used "d" or "fred", "v12012", etc, instead of "ab", but didn't
// because "ab" helps the person reading this description remember
// that "ab" is the ocutput of an AND gate with inputs "a" and "b".

wire ab;

// Code below /instantiates/ an AND gate., Instance name is "andl".
// Output is always first, followed by 1 or more inputs. {Gates

// can have any number of inputs.)

and andl{ab,a,b);

or orli{x,ab,c);

endmodule

// :Example:

//
//
/Y
//

Same example except for different instantiation order. The i
different order does NOT matter. Choose order for human -
readability.

module my_umm_lost count_meodule b(x,a,b,c});

input a, b, c;
output x;

wire ab;

or orl{x,ab,c);
and andl (ab,a,b):

// This module is essentially equivalent to my umm_lost_count_module.
// It doesn't matter that input ab to orl is driven by a gate (andl)
// on the next line because the simulator does not execute Verilog
// lines such as these in order, instead it follows signals from

// inputs to outputs.

-endmodule .
// iBxample:

'y

// Two medules implementing an exclusive or gate. The

// first module uses AND, OR, and NOT gates, and is shown to

// 1llustrate how gates are used. The second module uses

// Verileog's xor gate, which really makes both modules unnecessary.

module my xor module{x,a,b):

output x:
input a, b;

wire na, nbkb, na b, a_nb;

not nli{na,a):
not n2{nb,b);

and al{na_b,na,b):
and aZ{a nb,a,nb);

or ol(x,na b,a_nb}:

endmodule

module my_xor modulel(x,a,b);

output x;
input a, b;

http://www.ece.lsu.edu/ee3755/2001#101.v 15/1/2002




xor x1(x,a,b);
;ndmodule
////////////////////////////////////////////////////////////////////////////////
/// Module Instantiation
f/owp 4.1, 4.2
// :H: 2.3 Covered out of order.

// :LRM: 12.1 Advanced.

// A module is used by another module by /finstantiating/ it.

/7

// A module instantiation is similar to a gate instantiation.
[

// :Example:

7/

// BAn xnor module which uses the xor module defined above and a not gate.

module my xnor_module (x,a,b);
input a, b;
output x;

my xor module x1(y,a,b);
not nl{x,y)s

// Bere a module defined above, my _xor_module, is being used, or
// instantiated. The name of the instance is x1.

endmodule

/// More Information

/7
// The differences between a gate instantiation and a module
/7 instantiation should not make a difference in this class.

//

// If a module name {(nct to be confused with the instance name) is mlsspelled'
!/ The Modelsim compiler will prebably not report an error.
7 The Modelsim simulator will report the error when the design is loaded.
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/// Logic Value Set

// P 3.2.1 Good.
// H: 2.4.1 Good.
// tLRM: 3.1 Good.

// Wires [other nets, and regs] can take on four values:

// 0: Logic 0, false, off, neo, sad, Hel |

// 1 Logic 1, true, on, vyes, happy, :-)

// z: High impedance.

/7 Nothing driving wire. {E.g.., not connected to anything or cutput hi Z.)
// x: Unknown,

// Simulator cannot determine value,

f/ Usually indicates a bug in Verilog code.

/f/ Scmetimes this means two sources driving wire.

// :Example:

//

// Module below generates the four logic values. See comments.

// Bssume that input "a" is either zero or one. The intent of this
// module is to generate the four physical values for demonstration
// purposes. There are easier ways to generate the physical values.
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smodule values demo {v0,vi,vx,vz,a); é;

input a;
output v0, vl, vx, vz;

wire na;

not nl{na,a);

and al(v0,a,na); // v0 will be logic 0,
or olivl,a,na); // vl will be logic 1.

not nZ{vx,a);
not n3{vx,na): // vx is driven by a 0 and 1, so its value is x.

// vz unconnected, so its value is z.

endmodule

7/
//
//

:Example:

Testbench for wvalues demo. Material for this testbench

// not yet covered. Ignore it if you like.

module demo values();

wire v0, vl, vx, vz;
reg in:

values_demo dl{v0,vl,vx,vz,in);

initial begin

in = 0:
#5;
in = 1;
#5;
end
endmodule
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/// Binary Full Adder

//
7/

/7

:PH: 4.5 Mixed with material to be covered later.
:P: 5.1.3 Different design.

A /binary full adder/ adds three cne-bit integers.
It is usually used as part of a larger, say 32-bit, adder.

Inputs: a, b, cin (carry in)
CQutputs: sum, cout

Computes a+b+cin and sets
sum to the LSB of atb+tcin and
cout to the MSB of a+b+cin.

Truth Table

a b ¢cin | cout sum
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S/ 000 | 00
// 001 | 01
[/ 010 | 01
// 011 I 10
/7100 b o1
/101 i 10
// 110 [ 10
/7111 | 11

// cout = ab + acin + b cin
// sum = a xor b xor cin

// Won't use xor here though.
// iExample:

// Example of a binary full adder. There will be
// examples of this circuit.

module bfa structural (sum,cout,a,b,cin};
input a,b,cin;
ocutput sum, cout;

wire term001, term0l10, terml0Q,termlll;
wire ab, be, ac;
wire na, nb, nc;

or ol (sum, term00l, term010, terml00, terml11);
or oZ (cout,ab,bec,ac):

and al {term001,na,nb,cin};
and a2 {termQG10,na,b,nc};
and a3 (terml00,a,nb,nc};
and ad{termlll,a,b,cin}:

not nl{na,a};

not n2(nb,b):

not n3inc,cin);
and alG{ab,a,b);
and all{bc,b,cin};

and alZ{ac,a,cin);

endmodule
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