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Circuitos Sequenciais



figure5.34.v

1 module D_latch (D, Clk, Q);
2 input D, Clk;
3 output reg Q;
4

5 always @(D, Clk)
6 if (Clk)
7 Q = D;
8

9 endmodule
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figure5.35.v

1 module flipflop (D, Clock, Q);
2 input D, Clock;
3 output reg Q;
4

5 always @(posedge Clock)
6 Q = D;
7

8 endmodule
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Atribuições blocantes

1 module example5_3 (D, Clock, Q1, Q2);
2 input D, Clock;
3 output reg Q1, Q2;
4

5 always @(posedge Clock)
6 begin
7 Q1 = D;
8 Q2 = Q1;
9 end

10

11 endmodule
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Atribuições blocantes

1 module example5_3 (D, Clock, Q1, Q2);
2 input D, Clock;
3 output reg Q1, Q2;
4

5 always @(posedge Clock)
6 begin
7 Q1 = D;
8 Q2 = Q1;
9 end

10

11 endmodule
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module example5_3 (D, Clock, Q1, Q2);
input D, Clock;
output reg Q1, Q2;

always @(posedge Clock)
begin

Q1 = D;
Q2 = Q1;

end

endmodule

Figure 5.36 Incorrect code for two cascaded flip-flops.
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Figure 5.37 Circuit for Example 5.3.

sets Q1 to the value of D. This new value is used in evaluating the subsequent statement

Q2 = Q1;

which results in Q2 = Q1 = D. The synthesized circuit has two parallel flip-flops, as illus-
trated in Figure 5.37. A synthesis tool will likely delete one of these redundant flip-flops as
an optimization step.

Verilog also provides a non-blocking assignment, denoted with <=. All non-blocking
assignment statements in an always block are evaluated using the values that the variables
have when the always block is entered. Thus, a given variable has the same value for all
statements in the block. The meaning of non-blocking is that the result of each assignment
is not seen until the end of the always block.
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Atribuições não-blocantes

1 module example5_4 (D, Clock, Q1, Q2);
2 input D, Clock;
3 output reg Q1, Q2;
4

5 always @(posedge Clock)
6 begin
7 Q1 <= D;
8 Q2 <= Q1;
9 end

10

11 endmodule
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Figure 5.39 Circuit defined in Figure 5.38.

module example5_5 (x1, x2, x3, Clock, f, g);
input x1, x2, x3, Clock;
output reg f, g;

always @(posedge Clock)
begin

f = x1 & x2;
g = f | x3;

end

endmodule

Figure 5.40 Code for Example 5.5.

Clock

D Q

Q

D Q

Q

g

f

x3

x1

x2

Figure 5.41 Circuit for Example 5.5.
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Atribuições blocantes

1 module example5_5 (x1, x2, x3, Clock, f, g);
2 input x1, x2, x3, Clock;
3 output reg f, g;
4

5 always @(posedge Clock)
6 begin
7 f = x1 & x2;
8 g = f | x3;
9 end

10

11 endmodule
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Figure 5.39 Circuit defined in Figure 5.38.

module example5_5 (x1, x2, x3, Clock, f, g);
input x1, x2, x3, Clock;
output reg f, g;

always @(posedge Clock)
begin

f = x1 & x2;
g = f | x3;

end

endmodule

Figure 5.40 Code for Example 5.5.
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Figure 5.41 Circuit for Example 5.5.
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Atribuições não-blocantes

1 module example5_6 (x1, x2, x3, Clock, f, g);
2 input x1, x2, x3, Clock;
3 output reg f, g;
4

5 always @(posedge Clock)
6 begin
7 f <= x1 & x2;
8 g <= f | x3;
9 end

10

11 endmodule
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module example5_6 (x1, x2, x3, Clock, f, g);
input x1, x2, x3, Clock;
output reg f, g;

always @(posedge Clock)
begin

f < = x1 & x2;
g < = f | x3;

end

endmodule

Figure 5.42 Code for Example 5.6.
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Figure 5.43 Circuit for Example 5.6.

It is interesting to consider what circuit would be synthesized if the statements that
specify f and g were reversed. For the code in Figure 5.40 the impact would be significant.
If g is evaluated first, then the second statement does not depend on the first one, because f
does not depend on g. The resulting circuit would be the same as the one in Figure 5.43. In
contrast, reversing the statement order would make no difference for the code in Figure 5.42,
in which the non-blocking assignment is used.

The use of blocking assignments for sequential circuits can easily lead to wrong results,
as demonstrated in Figure 5.37. The dependence on ordering of blocking assignments is
dangerous, as shown in the previous example. For this reason, only non-blocking assign-
ments should be used to describe sequential circuits.
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Assíncrono vs Síncrono

1 module flipflop (D, Clock, Resetn, Q);
2 input D, Clock, Resetn;
3 output reg Q;
4

5 always @(negedge Resetn, posedge Clock)
6 if (!Resetn)
7 Q <= 0;
8 else
9 Q <= D;

10

11 endmodule

1 module flipflop (D, Clock, Resetn, Q);
2 input D, Clock, Resetn;
3 output reg Q;
4

5 always @(posedge Clock)
6 if (!Resetn)
7 Q <= 0;
8 else
9 Q <= D;

10

11 endmodule
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Contador up/down com carga e enable

1 module updowncount (R, Clock, L, E, up_down, Q);
2 parameter n = 8;
3 input [n-1:0] R;
4 input Clock, L, E, up_down;
5 output reg [n-1:0] Q;
6

7 always @(posedge Clock)
8 if (L)
9 Q <= R;

10 else if (E)
11 Q <= Q + (up_down ? 1 : -1);
12

13 endmodule
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