1. Play the 14 sounds repeatedly based on the sound table. Every sound is played

for one second.

1. Specification
module LAB10 1 TOP(

output audio mclk, // master clock

output audio lrck, // left-right clock

output audio_ sck, // serial clock

output audio sdin, // serial audio data input
input clk, // clock from the crystal
input rst n // active low reset

) ;

2. Block Diagram
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3. Finite state machine
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4. Implement
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15 reg [26:0] seconds_counter; // seconds counter[Z6] second

16

17 always @ (posedge clk or negedge rst_n) begin

18 if (~rst_n) seconds_counter <= 'b0;

19 else seconds counter <= (seconds_counter < 27'd99% 999 999)
20 ? (seconds_counter + 'bl)

21 : ('b0);

22 end
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24 reg [3:0] note counter; counts from 0 to 13

25

26 always @ (negedge seconds_counter[26] or negedge rst_n) begin
27 if (~rst_n) note_counter <= 'bl;

28 else note counter <= (note_counter < 4'dl13)

29 ? (note_counter + 'bl)

30 : ('b0);

31 end
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reg [9:0] note_ frequency;

always @* begin
case (note_counter)
4'h0: note frequency <= 10'd261;
4'hl: note frequency <= 10'd293;
4'h2: note frequency <= 10'd330;
4'h3: note_ frequency <= 10'd349;
4'h4: note_frequency <= 10'd392;
4'h5: note_frequency <= 10'd440;
4'h6: note_frequency <= 10'd494;
4'h7: note_frequency <= 10'd524;
4'h8: note frequency <= 10'd588;
4'h9: note frequency <= 10'd660;
4'hA: note_ frequency <= 10'd698;
4'hB: note_frequency <= 10'd784;
4'hC: note_frequency <= 10'd880;
4'hD: note_frequency <= 10'd988;
default: note_frequency <= 'b0;
endcase
end
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wire [15:0] audio_ left;
wire [15:0] audio right;

// a general frequency divider
// to generate the required frequencies for speaker clock
note gen Ung(
.audio left, // left sound audio
.audio_right, // right sound audio
.note_div(27'd100 000 000 / 2'd2 / note_frequency),
.clk, // clock from crystal
.rst n // active low reset

)i

% 1 note _gen.v EAERY audio left/ right R E speaker_control.v » gLl DAEA
DAC FTFERERFRE (mclk ~ lrck ~ sck ~ sdin) °

82
83
84
85
86
87
88
89
90
91
92
93

speaker control Usc(
// QUEPULS
.audio_mclk,
.audio_lrck,
.audio_sck,
.audio_sdin,
// inputs
.audio_left,
.audio_right,
Lelk,
.rst n

);

5. Conclusion
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2. Electronic Organ

2.1 Integrate the keypad as the keyboard of the electronic organ. Keys c, d, e, f, g,
a, b, C, D, E, F, G, A, B (two octaves from mid-Do) represent the sounds from low
to high frequencies.

2.2 Display your playing sounds (Do, Re, Mi, Fa, So, La, Si) in the 7-segment
LED

1. Specification

module LAB10 2 TOP(
// SSD
output reg [7:0] cathode,
output reg [3:0] anode,

// speaker

output audio mclk, // master clock

output audio 1lrck, // left-right clock

output audio sck, // serial clock

output audio sdin, // serial audio data input

// keyboard
inout PSZ DATA,
inout PS2 CLK,

input clk, // clock from the crystal

input rst n // active low reset

) ;

2. Block Diagram
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3. Finite state machine
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4. Implement
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24 wire [511:0] key down;
25 wire [8:0] last change;
26 wire key valid;
27
28 KeyboardDecoder KeyboardDecoder (
29 .key down,
30 .last change,
31 .key valid,
E .PS2 DATA,
33 .PS2_CILK,
34 .rst(~rst_n),
213 .clk
36 )
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42 reg [26:0] note_ frequency;
43
44 always @* begin
45 case ('bl)
46 key down[8'hlC]: note_frequency <= 27'dZ6l; // Do
47 key down[8'hlB]: note_frequency <= 27'dZ%3; // Re
48 key down[8'h23]: note_frequency <= 27'd330; // Mi
49 key down[8'h2B]: note_ frequency <= 27'd349; // Fa
50 key down[8'h34]: note_ frequency <= 27'd3%2; // Sco
51 key down[8'h33]: note frequency <= 27'd440; // La
52 key down[8'h3B]: note frequency <= 27'd4%4; // si
53 key down[8'hl5]: note frequency <= 27'd524; // Do
54 key down[8'hlD]: note frequency <= 27'd588; // Re
55 key down[8'h24]: note_ frequency <= 27'dé6c0; // Mi
56 key down[8'h2D]: note_frequency <= 27'd69%8; // Fa
57 key down[8'h2C]: note_ frequency <= 27'd784; // So
58 key down[8'h35]: note_ frequency <= 27'd880; // La
59 key down[8'h3C]: note frequency <= 27'd988; // si
60 default: note frequency <= 27'dl100 000 000;
61 endcase
62 end
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wire

[15:0] audio_left;

wire [15:0] audio right;

// a general

// to generate the required frequencies

note_gen Ung(

) ;

.clk,
.rst n !/

.audio_left, //
.audio_right,
.note_div(27'd100 000 000 / 2'd2 / note_frequency),
// clock from crystal
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104 reg [15:0] note_name;

105

106 always @* begin

107 case ('bl)

108 key down[8'hlC]: note name <= 16'b10000101 11000101; // Do
109 key down[8'hlB]: note name <= 16'b11110101 01100001; // Re
110 key _down[8'h23]: note name <= 16'b00101011 11011111; // Mi
111 key down[8'h2B]: note name <= 16'b01110001 00010001; // Fa
112 key down[8'h34]: note_name <= 16'b01001001 11000101; // So
113 key down[8'h32]: note_name <= 16'b11100011 00010001; // La
114 key down[8'h3E]: note_name <= 16'b01001001 11011111; // si
115 key down[8'hl5]: note_name <= 16'b10000101 11000101; // Do
116 key down[8'hlD]: note name <= 16'b11110101 01100001; // Re
117 key down[8'h24]: note name <= 16'b00101011 11011111; // Mi
118 key down[8'h2D]: note name <= 16'k01110001 00010001; // Fa
119 key down[8'h2C]: note_name <= 16'b01001001 11000101; // So
120 key down[8'h35]: note name <= 16'b11100011 00010001; // La
121 key down[8'h3C]: note_name <= l6'b01301“01 11011111; // si
122 default: note_name <= 16'hFFFEF;

123 endcase

124 end
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131 reg [20:0] clk f;

132

133 always @(posedge clk or negedge rst_n) begin
134 if (~rst_n) clk_f <= 'b0;

135 else clk_f <= clk_f + 'bl;

136: end
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139 always @* begin

140 case (clk f[20:19])

141 2'd0: anode = 4'b1110;
142 2'dl: anode = 4'b1101;
143 2'd2: anode = 4'bl1011;
144 2'd3: anode = 4'b0111;
145 default: anode = 4'b0000;
146 endcase

147 end
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152¢ always @* begin

153 case (clk _f[20:19])

154 2:'al: cathode = note_name[ 7:0];
155 25dLx cathode = note name[15:8];
156 2vd2: cathode = 8'hFF;

157 2'd3.: cathode = 8'hFF;

158 default: cathode = 8'hFF;

159 endcase

160 end

5. Conclusion
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