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APPENDIX A: 

 

 

VERILOG code for music1 

 
module music1 (clk,q); 
input clk; 
input o1; 
output q; 
 
reg [15:0] counter; 
 
always @(posedge clk)  
  counter <= counter + 15'b1; 
 
 assign q = counter[15]; 
  
endmodule 
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APPENDIX B: 

 

 

VERILOG code for music2 

 
module music2(clk, q); 
input clk; 
output q; 
parameter clkdivider = 25000000/440/2; 
 
reg [23:0] tone; 
always @(posedge clk) tone <= tone + 24'b1; 
 
reg [14:0] counter; 
always @(posedge clk)  
 if(counter==0)  
  counter <= (tone[23] ? clkdivider - 1'b1 : clkdivider/2-1);  
 else  
  counter <= counter - 1'b1; 
 
reg q; 
always @(posedge clk)  
 if(counter==0)  
  q <= ~q; 
 
endmodule 
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APPENDIX C: 

 

 

VERILOG code for music3 

 
module music3(clk, q); 
input clk; 
output q; 
 
reg [22:0] tone; 
always @(posedge clk) tone <= tone + 1'b1; 
 
wire [6:0] ramp = (tone[22] ? tone[21:15] : ~tone[21:15]); 
wire [14:0] clkdivider = {2'b01, ramp, 6'b000000}; 
 
reg [14:0] counter; 
always @(posedge clk)  
 if(counter==0)  
  counter <= clkdivider;  
 else  
  counter <= counter - 1'b1; 
 
reg q; 
always @(posedge clk)  
 if(counter==0)  
  q <= ~q; 
 
endmodule 
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APPENDIX D: 

 

 

VERILOG code for music4 

 
module music4(clk, q); 
input clk; 
output q; 
 
reg [27:0] tone; 
always @(posedge clk)  
 tone <= tone + 1'b1; 
 
wire [6:0] fastsweep = (tone[22] ? tone[21:15] : ~tone[21:15]); 
wire [6:0] slowsweep = (tone[25] ? tone[24:18] : ~tone[24:18]); 
wire [14:0] clkdivider = {2'b01, (tone[27] ? slowsweep : fastsweep), 6'b000000}; 
 
reg [14:0] counter; 
always @(posedge clk)  
 if(counter==0)  
  counter <= clkdivider;  
 else  
  counter <= counter - 1'b1; 
 
reg q; 
always @(posedge clk)  
 if(counter==0)  
  q <= ~q; 
endmodule 
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APPENDIX E: 

 

 

VERILOG code for music5 

 
module music5(clk, q); 
input clk; 
output q; 
 
reg [27:0] tone; 
always @(posedge clk)  
 tone <= tone + 1'b1; 
 
wire [5:0] fullnote = tone[27:22]; 
 
wire [2:0] octave; 
wire [3:0] note; 
divide_by12 divby12(.numer(fullnote[5:0]), .quotient(octave), .remain(note)); 
 
reg [8:0] clkdivider; 
always @(note) 
case(note) 
  4'b0: clkdivider = 9'b100000000 - 1'b1; // A  
  4'b0001: clkdivider = 9'b111100011 - 1'b1; // A#/Bb 
  4'b0010: clkdivider = 9'b111001000 - 1'b1; // B  
  4'b0011: clkdivider = 9'b110101111 - 1'b1; // C  
  4'b0100: clkdivider = 9'b110010110 - 1'b1; // C#/Db 
  4'b0101: clkdivider = 9'b110000000 - 1'b1; // D  
  4'b0110: clkdivider = 9'b101101010 - 1'b1; // D#/Eb 
  4'b0111: clkdivider = 9'b101010110 - 1'b1; // E  
  4'b1000: clkdivider = 9'b101000011 - 1'b1; // F  
  4'b1001: clkdivider = 9'b100110000 - 1'b1; // F#/Gb 
  4'b1010: clkdivider = 9'b100011111 - 1'b1; // G  
  4'b1011: clkdivider = 9'b100001111 - 1'b1; // G#/Ab 
  4'b1100: clkdivider = 1'b0; // should never happen 
  4'b1101: clkdivider = 1'b0; // should never happen 
  4'b1110: clkdivider = 1'b0; // should never happen 
  4'b1111: clkdivider = 1'b0; // should never happen 
endcase 
 
reg [8:0] counter_note; 
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always @(posedge clk)  
 if(counter_note==0)  
  counter_note <= clkdivider;  
 else  
  counter_note <= counter_note - 1'b1; 
 
reg [7:0] counter_octave; 
always @(posedge clk) 
if(counter_note==0) 
begin 
 if(counter_octave==0) 
  counter_octave <= (octave==0?8'b11111111: 
     octave==1?8'b01111111: 
     octave==3?8'b00111111: 
     octave==3?8'b00011111: 
     octave==4?8'b00001111:7); 
     //octave==3'b111); 
 else 
  counter_octave <= counter_octave - 1'b1; 
end 
 
reg q; 
always @(posedge clk)  
 if(counter_note==0 && counter_octave==0)  
  q <= ~q; 
endmodule 
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APPENDIX F: 

 

 

VERILOG code for divide_by12 

 
module divide_by12(numer, quotient, remain); 
input [5:0] numer; 
output [2:0] quotient; 
output [3:0] remain; 
 
reg [2:0] quotient; 
reg [3:0] remain_bit3_bit2; 
 
assign remain = {remain_bit3_bit2, numer[1:0]}; // the first 2 bits are copied through 
 
always @(numer[5:2]) // and just do a divide by "3" on the remaining bits 
case(numer[5:2]) 
  0: begin quotient = 0; remain_bit3_bit2 = 0; end 
  1: begin quotient = 0; remain_bit3_bit2 = 1; end 
  2: begin quotient = 0; remain_bit3_bit2 = 2; end 
  3: begin quotient = 1; remain_bit3_bit2 = 0; end 
  4: begin quotient = 1; remain_bit3_bit2 = 1; end 
  5: begin quotient = 1; remain_bit3_bit2 = 2; end 
  6: begin quotient = 2; remain_bit3_bit2 = 0; end 
  7: begin quotient = 2; remain_bit3_bit2 = 1; end 
  8: begin quotient = 2; remain_bit3_bit2 = 2; end 
  9: begin quotient = 3; remain_bit3_bit2 = 0; end 
  10: begin quotient = 3; remain_bit3_bit2 = 1; end 
  11: begin quotient = 3; remain_bit3_bit2 = 2; end 
  12: begin quotient = 4; remain_bit3_bit2 = 0; end 
  13: begin quotient = 4; remain_bit3_bit2 = 1; end 
  14: begin quotient = 4; remain_bit3_bit2 = 2; end 
  15: begin quotient = 5; remain_bit3_bit2 = 0; end 
endcase 
 
endmodule 
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