`timescale 1 ns / 1 ns
module MUX2_1(A, B, SEL, OUT);
  //Port declarations
  output OUT;
  input A, B, SEL;
  
  //Internal variable declarations
  wire SEL_N, A1, B1;
  
  //The netlist
  not (SEL_N, SEL);
  and (A1, A, SEL_N);
  and (B1, B, SEL);
  or  (OUT, A1, B1);
  
endmodule
Figure 2.2: A complete Verilog module representing a 2:1 multiplexor




`timescale 1 ns / 1 ns
module MUX2_1(input A, B, SEL, output wire OUT);
  
  wire SEL_N, A1, B1;
  
  not G1(SEL_N, SEL);
  and G2(A1, A, SEL_N);
  and G3(B1, B, SEL);
  or  G4(OUT, A1, B1);
  
endmodule
Figure 2.4: SystemVerilog multiplexor module



`timescale 1 ns / 1 ns
module MUX2_1GK(input A, B, SEL, output wire OUT);
  
  wire SEL_N, A1, B1, AB;
  
  not G1(SEL_N, SEL);
  and G2(A1, A, SEL_N);
  and G3(B1, B, SEL);
  and G4(AB, A, B);
  or  G5(OUT, A1, B1, AB);
  
endmodule
Figure 2.6: Glitch-killing 2:1 multiplexor code





Wire A, B;//Illegal. Keywords must be all lower case
WIRE A, B;//Illegal. Upper case again used in keyword
wire A, a;//Legal but bad technique
wire a, b;//Legal but may be confusing
wire A, B;//The advised way
Figure 2.7: Legal and illegal wire declarations


module /*comments may appear anywhere
  in a module*/ Comment_module(A, B);
  input A;
  output reg B;
  //Behavioral statements go here
endmodule
Figure 2.8: Verilog multi-line comment


module WIDEGATE(input [7:0] A, B, output C);
  
  nor WG(C, A, B);

endmodule
Figure 2.9: SystemVerilog multi-bit bus declaration




//Illegal!!! Will not compile
module WIDEGATE(input [7:0] A, B, output wire [7:0] C);
  
  nor WG(C, A, B);

endmodule
Figure 2.10: Illegal attempt to create multiple outputs with one instance



module NOR8(input [7:0] A, B, output [7:0] C);
  
  nor G0(C[0], A[0], B[0]);
  nor G1(C[1], A[1], B[1]);
  nor G2(C[2], A[2], B[2]);
  nor G3(C[3], A[3], B[3]);
  nor G4(C[4], A[4], B[4]);
  nor G5(C[5], A[5], B[5]);
  nor G6(C[6], A[6], B[6]);
  nor G7(C[7], A[7], B[7]);
endmodule
Figure 2.11: An eight-bit NOR function


module muxes(input A, B, SEL, output wire [1:0] OUTS);
  MUX2_1    M0(A, B, SEL, OUTS[0]);
  MUX2_1GK  M1(A, B, SEL, OUTS[1]);
endmodule
Figure 2.13: Upper level module instantiating two design modules


`timescale 1 ns / 1 ns
module tb_mux2_1;
  reg A, B, SEL;
  wire OUT;
  
  MUX2_1  UUT(A, B, SEL, OUT);
  
  initial begin
    #0 A = 1'b0; B = 1'b0; SEL = 1'b0;
    #1 A = 1'b0; B = 1'b0; SEL = 1'b1;
    #1 A = 1'b0; B = 1'b1; SEL = 1'b0;
    #1 A = 1'b0; B = 1'b1; SEL = 1'b1;
    #1 A = 1'b1; B = 1'b0; SEL = 1'b0;
    #1 A = 1'b1; B = 1'b0; SEL = 1'b1;
    #1 A = 1'b1; B = 1'b1; SEL = 1'b0;
    #1 A = 1'b1; B = 1'b1; SEL = 1'b1;
  end
endmodule
Figure 2.15: Multiplexor test fixture, including instantiation of multiplexor design


module REG4(input CLK, RST, input [3:0] 
  DATA, output wire [3:0] OUT);
  
  DFF D0(CLK, RST, DATA[0], OUT[0]);
  DFF D1(CLK, RST, DATA[1], OUT[1]);
  DFF D2(CLK, RST, DATA[2], OUT[2]);
  DFF D3(CLK, RST, DATA[3], OUT[3]);
  
endmodule
Figure 2.16: Four flipflops instantiated to form a parallel register

module SR4(input CLK, SERIAL_IN, output wire SERIAL_OUT);
  
  wire STAGE1, STAGE2, STAGE3;
  
  DFF D0(CLK, SERIAL_IN, STAGE1);
  DFF D1(CLK, STAGE1, STAGE2);
  DFF D2(CLK, STAGE2, STAGE3);
  DFF D3(CLK, STAGE3, SERIAL_OUT);
  
endmodule
Figure 2.17: Four flipflops organized into a shift register



`timescale 1 ns / 1 ns

module TWOREGS(input CLK, RST, S_DATA, input [3:0] 
  P_DATA, output wire S_OUT, output wire [3:0] P_OUT);
    
  SR4	X0(CLK, S_DATA, S_OUT); //Shift register instance
  REG4	X1(CLK, RST, P_DATA, P_OUT); //Parallel register instance
  
endmodule
Figure 2.18: Design instantiating hierarchical designs



module skip(CLK, RST, D, Q);
  input CLK, RST;
  input [1:0] D;
  output wire [1:0] Q;
  
  DFF R0(CLK, RST,, Q[0]); //QN is unconnected
  DFF R1(CLK, RST,, Q[1]);
endmodule

//Behavioral code modeling a D flipflop with
//complimentary outputs
module DFF(CLK, RST, D, QN, Q);
  input CLK, RST, D;
  output reg QN, Q;
  always_ff @(posedge CLK, negedge RST)
    if (!RST) begin
      QN <= 1'b1;
      Q <= 1'b0;
    end
    else begin
      QN <= ~D;
      Q <= D;
    end

endmodule
Figure 2.19: Leaving an output port unconnected in a netlist





module named_assoc(CLOCK, RESET, DATA_INPUT, DATA_OUTPUT);
  input CLOCK, RESET;
  input [1:0] DATA_INPUT;
  output wire [1:0] DATA_OUTPUT;
  
  DFF R0(.Q(DATA_OUTPUT[0]), .D(DATA_INPUT[0]), .RST(RESET), .CLK(CLOCK));
  DFF R1(.Q(DATA_OUTPUT[1]), .D(DATA_INPUT[1]), .RST(RESET), .CLK(CLOCK));

endmodule
Figure 2.20: Named port association


module wildcard_assoc(MASTER_CLK, RST, D, Q);
  input MASTER_CLK, RST;
  input D;
  output Q;
  
  //Ports RST, D and Q will be covered by the wildcard
  DFF R0(.*, .CLK(MASTER_CLOCK));

endmodule
Figure 2.21: Wildcard port association



module dot_name_assoc(CLK, RST, D, Q);
  input CLK, RST;
  input D;
  output Q;
  
  //All instance ports will be matched to upper level
  //level ports with the same name.
  DFF R0(.Q, .D, .RST, .CLK);
endmodule
Figure 2.22: Dot-name association

`timescale 100 ps / 10 ps
module ANDMOD(input IN1, IN2, output OUT);
  and #1.26 ANDGATE1(OUT, IN1, IN2);
endmodule
Figure 2.23: Timescale directive that will cause rounding



`timescale 1 ns / 10 ns //Illegal. Reference is less than precision
`timescale 1 ns / 500 ps //Illegal. Only 1, 10 and 100 are legal numbers
`timescale 1 ns / 100 ps //Legal
`timescale 100 ps / 10 ps //Legal
Figure 2.24: Examples of legal and illegal timescale directives


module adder(input [63:0] A, B,
  output reg [63:0] SUM,
  output reg CARRY);
  timeunit 1ns;
  timeprecision 10ps;
  …
endmodule
Figure 2.26: SystemVerilog timeunit and timeprecision statements
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