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1 Please design an audio-data parallel-to-serial module to generate

the speaker control signal with 40MHz system clock, 5MHz bit clock
and (5/32) MHz stereo sampling clock.

1.1 Design a general frequency divider to generate the required
frequencies for speaker clock.

1.2 Design a stereo signal parallel-to-serial processor to generate the
speaker control signals. Please use verilog simulation waveform to
verify your control signal.

Design Specification

output : audio_appsel, // playing mode selection
audio_sysclk, // control clock for DAC (from crystal)
audio_bck, // bit clock of audio data (5MHz)
audio_ws, // left/right parallel to serial control
audio_data

input: clk, // clock from crystal
rst_n, // active low reset

wire : [15:0] audio_in_left, audio_in_right;

block diagram:
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Design Implementation
logic function / logic diagram:



speaker_ctl:
* Frequency dividers
- audio_bck
- audio_ws
* Parallel to serial module
- To re-formulate the audio sequence
* Right first, then left
* MSB first
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buzzer_ctl:

 The buzzer frequency is obtained by dividing crystal frequency 40MHz by
N.

« The buzzer clock (b_clk) is periodically inverted for every N/2 clock cycles.
(determine the sound)
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The Final Result:
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Discussion:
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2 Speaker control

2.1 Please produce the buzzer sounds of Do, Re, and Mi by pressing
buttons ($1,52,S3)respectively. When you press down the button, the
speaker produces corresponding frequency sound. When you release
the switch, the speaker stops the sound.

2.2 Please control the volumn of the sound by pressing button (S4) as
increase and (S5) and decrease the volumn. Please also quantize the
audio dynamic range as 16 levels and show the current sound level in
the 14-segment display.

Design Specification

output : audio_appsel // playing mode selection
audio_sysclk // control clock for DAC (from crystal)
audio_bck // bit clock of audio data (5MHz)
audio_ws // left/right parallel to serial control
audio_data
[3:0] ftsd_ctl
[14:0] display

input: clk // clock from crystal
rst_n // active low reset
Do
Re
Mi
increase //for volumn

decrease //for volumn

wire : clk_d;
[1:0] ftsd_ctl_en;
[15:0] volumn;
[4:0] level;



[19:0] freq_div;

[15:0] audio_in_left;

[15:0] audio_in_right;

[14:0] display_temp1,display_temp2,display_temp3,display_temp4;

block diagram:

Design Implementation
logic function / logic diagram:
speaker_ctl:
* Frequency dividers
- audio_bck
- audio_ws
* Parallel to serial module
- To re-formulate the audio sequence
* Right first, then left
» MSB first

buzzer_ctl:



 The buzzer frequency is obtained by dividing crystal frequency 40MHz by
N.
« The buzzer clock (b_clk) is periodically inverted for every N/2 clock cycles.

(determine the sound)
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scan_ctl
if ftsd_ctl_en=00
ST —(E 14 B Res - U — TR
if ftsd_ctl_en=01
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ftsd
= level X729 - (Efir#¢in1 HA+(7 %7 in2 77 7% ftsd
= bed=4"d0: display =15'b0000_0011_1111 111;//0
= bed=4"d1: display =15'b1111 1111 1011_011;//1



= bed=4'd2: display = 15'b0010_0100_1111_111; //2
= bed=4'd3: display = 15'b0000_1100_1111_111; //3
5 bed=4'd4: display = 15'b1001_1000_1111_111; //4
= bed=4'd5: display = 15'b0100_1000_1111_111; //5
= bed=4'de6: display = 15'b0100_0000_1111_111; //6
= bed=4'd7: display = 15'b0001_1111_1111_111; //7
5 bed=4'd8: display = 15'b0000_0000_1111_111; //8
= bed=4'd9: display = 15'b0000_1000_1111_111; //9
default: display =15'b1111_1111_1111_111; //DEF

do_re_mi
Mid Do: 261 Hz
Mid Re: 293 Hz
Mid Mi: 330 Hz

volumn_ctl
HH increase fl decrease #E#] level AN » 1% 16 fd level 1 /EZ] 16
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I/O pin assignment:
NET "clk" LOC=R10;
NET "rst_n" LOC=N3;

NET "Do" LOC=P4;
NET "Re" LOC=P3;
NET "Mi" LOC=L6;

NET "increase" LOC=U1;
NET "decrease" LOC=T2;

NET "audio_appsel" LOC=H18;
NET "audio_bck" LOC=K16;
NET "audio_sysclk" LOC=H17;
NET "audio_ws" LOC=L15;
NET "audio_data" LOC=L16;

NET "display[14]" LOC = P6;
NET "display[13]" LOC = N4;



NET "display[12]" LOC = V5;
NET "display[11]" LOC = T5;
NET "display[10]" LOC = U7;
NET "display[9]" LOC = R3;
NET "display[8]" LOC = N5;
NET "display[7]" LOC = R5;
NET "display[6]" LOC =T3;
NET "display[5]" LOC = T4;
NET "display[4]" LOC = V4;
NET "display[3]" LOC = V7;
NET "display[2]" LOC = R7;
NET "display[1]" LOC=T7;
NET "display[0]" LOC = U5;

NET "ftsd_ctl<0>" LOC = VS;
NET "ftsd_ctl<1>" LOC = US;
NET "ftsd_ctl<2>" LOC = V6;
NET "ftsd_ctl<3>" LOC=Té6;

Discussion:
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