1 Please design an audio-data parallel-to-serial module to generate the speaker
control signal with 100MHz system clock, 25 MHz master clock, (25/128) MHz
Left-Right clock (Fs), and 6.25 MHz (32Fs) 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.

1. Specification
RNE: | TREYEEE Y inputs, outputs BUKE bit widths + ZFEHERIRHY
verilog code HfH[E] °

module speaker (

output audio mclk, // master clock

output audio 1lrck, // 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

WNZE: BEETHY Finite state machine » Z5RHIEHE o

4. Implement

NZE: FFIHAHBAHY logic function ~ FRAI SO ARREERRRRTEIETIA ~ ERE
F > HRURG code fEREELIT FPGA HEBNERR ((EABE AL code R FPGA &&R) -

note_gen.v IRZEMAIREsE F —8E » B—{f -+ ey tEsfl—E T Flip-flop
HREELEFTREHIARRS -

20 // The buzzer frequency is obtained by dividing crystal 100 MHz by N
21 // The buzzer clock (note div) is periodically inverted for ery N/2
22 always @*

23 if (clk cnt == note div) begin

24 clk cnt next = 22'd0;

25 b clk next = ~b clk;

26 end else begin

27 clk cnt next = clk cnt + 1'bl;

28 b clk next = b clk;

29 end

30

Sl always @ (posedge clk or negedge rst n)

32 if (~rst_n) begin

85 clk cnt <= 22'd0;

34 b _clk <= 1'b0;

33 end else begin

36 clk_cnt <= clk_cnt_next;

37 b clk <= b_clk next;

38 end

TSR AR R MUX > DAZEA 385 A/ NYRENE -

40 // Assign the amplitude of the note

41 // Dynamic Range 16'hS5FFF 16"hB0O0O

42 assign audio_left = (b_clk == 1'b0) ? 1e'hBOOO : 16'h5FFE;
43 assign audio right = (b clk == 1'b0) ? 16'hB0O00 : 16'h5FFF;

B AT DU AR TR T -

IR speaker_control.v HY input 1 output Z1°F °

1 module speaker control (

2 output audio_mclk,

3 output audio_lrck,

4  output audio_sck,

3

6 output audio_sdin,

.

8 input [15:0] audio_left, // left channel audio data input
9 input [15:0] audio_right, // right channel audio data input
10
11 input clk, // clock from the crystal
12 input rst_n // active low reset

13();
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1 module free_ run_counter# (

2 parameter WIDTH = 9

3) (

4 output reg [WIDTH-1:0] clk free_ run,

5 input clk,

6 input rst_n

1)

8

9 always @(posedge clk or negedge rst_n)
10 if (~rst_n) clk_free run <= 'b0;
11 else clk free run <= clk free run + 'bl;
12

13 endmodule

IR1% mclk_lrck sckov FE0] DLE A EHY ck_free_run #IEE] melk ~ sck ~ lrck o

1 module mclk lrck sck(
2 output audio_mclk,

3 output audio_lrck,

4 output audio_sck,

5

6 input clk,

7 input rst n

8);

9 wire [8:0] clk_free run;

10

11 free run counter free run counter(

12 .clk free run,

13 .clk,

14 .rst_n

s )i

16

17 assign audio _mclk = clk _free run([1l]; // 25MHz (~24.5760MHz)
18 assign audio_lrck = clk_free run([8]; // 205MHz/128 (~192kHz)
19 assign audio_sck = clk_free run([3]; // 205MHz/128%32 (25MHz/4)

20
21 endmodule

AR A UERERY speaker_control.v I {i F_E 41t g R f544H A2 £ Y mclk ~

sck ~ Irck °

15 meclk 1lrck sck mclk lrck sck(
16 .audio mclk,

17 .audio lrck,

18 .audio_sck,

19 .clk,

20 .rst_n

2l )
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Figure 6. Possible receiver configuration. The latches and the counter use synchronous set,
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23 reg audio lrck delayed;

24

25 always @ (negedge audio_sck or negedge rst n)

26 if (~rst_n) audio_lrck_delayed <= 'bl;

27 else audio_ lrck delayed <= audio_ lrck;
28

29 reg audio_lrck delayed delayed;

30

31 always @(negedge audio_sck or negedge rst n)

32 if (~rst_n) audio_lrck delayed delayed <= 'b0;

33 else audio_lrck delayed delayed <= audio_lrck delayed;



A| audio_left 1 audio_right &' i& parallel-loading 1Y > it LAFE 2 #AE parallel-to-serial
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35 reg [3:0] counter;

\H

36

37 always @ (negedge audio_sck or negedge rst_n)
38 if (~rst_n) counter <= 4'h0;

39 else counter <= counter - 'bl;

HfEZA 1°S bus specification (& 1 & 1Y B[ latch > HEE Eﬁ%f F verilog HHE
AR o FAM AT DAE 2R audio_left[counter] I audio_right[counter] ZEZ(FH[E]Y
R o

41 assign audio_sdin = audio_lrck delayed delayed

42 ? audio_left [counter]
43 : audio_right[counter];
44

45 endmodule

ZEIb > WMERATA T2 ERHZRREE RS -

speaker.v (top) HYESAIRZEZANHY PPT —20— D UMMt ey - HUaZ REARTE—F%
BT -

12 // Declare internal nodes

13 // Note generation

14 wire [15:0] audio_left;
15 wire [15:0] audio_right;

Sl nore_gen v BUBHSTEATE R RIBHIRE HH -

17 / a general frequency divi

18 // to generate the required frequencies for speaker clock
19 note_gen Ung(

20 .audio_left, // left sound audio

21 .audio_right, // right sound & o

22 .note_div (22'dl 571), // div for not eration

23 .clk, // clock fror

24 .rst n // active low reset

25 ):

BT parallel-to-serial » W7EAE output ATFEHY mclk ~ sck ~ lrck ZEEHHE > S5
RINERK T -

27 // Speaker controllor
28 // with a gnal parallel-to-serial processor

29 // to generate the speaker control signals
30 speaker control Usc(

31 .audio_mclk, //

32 .audio_lrck, /

33 .audio_sck, /

34 .audio_sdin, 'y erial audio data inpt
35 .audio_left, // left channel audi

36 .audio_right, // right channel a

37 .clk, // clock from th

38 .rst_n / ctive low reset

39 )
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2 Speaker control

2.1 Please produce the buzzer sounds of Do, Re, and Mi by pressing buttons
(Left, Center, Right) 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 (Up) as increase
and (Down) and decrease the volumn. Please also quantize the audio dynamic

range as 16 levels and show the current sound level in the 7-segment display.

1. Specification
RE: | TREYERE Y inputs, outputs BUKE bit widths » ZFEHERIRHY
verilog code HfH[E] °

module speaker (

output [7:0] cathode, // TR

output audio mclk, // master clock

output audio 1lrck, // left-right clock

output audio sck, // serial clock

output audio sdin, // serial audio data input

input increase volume, // PE— e

input decrease volume, // {#—TgE/0l

input play do, /] ¥ TEFE R Do
input play re, /] I EREN Re
input play mi, // TSR Mi

input clk, // clock from the crystal

input rst n // active low reset



2. Block Diagram
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3. Finite state machine

W : BEETHY Finite state machine » Z5REHI| 5 HE -
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4. Implement
% BRFIHIAERARY logic function ~ SR FAERERAIVE(E A - ©@RE
F > HBARS code FEREEIH FPGA BEBIAER (BT HE R G code BR FPGA &53R) -

control_volumn.v JZE 4= 12455 EHAEL delta_volume > F[HHELE top F] DL E BEER
note_gen.v FTEEAVE & ERHIVEIEAHTE - Lo A EEE AR/ -

12 debounce_onepulse debounce_onepulse_increase_volume (

13 .onepulse (onepulse_increase_volume),
14 .debounced(),

15 .undebounced (increase volume),

16 .clk,

17 .rst_n

18 )i

19

20 debounce_onepulse debounce_onepulse_decrease_volume (
21 .onepulse (onepulse_decrease_volume),
22 .debounced(),

23 .undebounced (decrease_volume) ’

24 .clk,

25 .rst_n

26 )i

W _EE > FrARR THEARCAZMY input #ZE5% debounce BY, onrpulse 2 & FH#H A -



28 assign delta_volume_next =

29 (increase_volume & delta volume < 4'hf) ? (delta_volume + 'hl) :
30 (decrease_volume & delta volume > 4'h0) ? (delta_volume - 'hl) :
31 (delta_volume)

32

33 always @(posedge onepulse_increase_volume | onepulse_decrease_volume or negedge rst_n)
34 if (~rst_n) delta_volume <= 4'h0;
35 else delta_volume <= delta_volume_next;

Y0 B > AT BB AR - IR EAVE T 0 BE
THEENERAE > #iil—  ARFEEFENEHEEE T HE THEELR
e/ IME > LR -

note_div_lookup.v EAEE Do ~ Re ~ Mi IVFERAIFREL > AL note _gen.v k08 -

9 assign note div = (play de) ? (100 000 000 / 261) :
10 (play_re) 2 (100_000_000 / 293) :
11 (play_mi) 2 (100_000_000 / 330) : (0);

Y0 NE > FRAE note_gen.v FEL > [N AFIRHELE top HIEH & > FILUHE A
g b —E— A A R E R A B EE o

20 always @* 29 always @(posedge clk or negedge rst_n)
21 if (clk_cnt == note div) begin 30 if (~rst_n) begin

22 clk cnt next = 22'd0; 31 clk ent <= 22'd0;

23 b_clk_next = ~b_clk; 32 bfcIk <= 1'b0;

24 end else begin 33 end else begin

25 clk_cnt_next = clk_cnt + 1'bl; 34 clk cnt <= clk cnt next;

26 b_clk next = b_clk; =15 b_clk <= b_clk next;

27. end 36 end

W B - RS R TR o P AR ZE R B AR AR B R B 7 A o i AR
1Y b_clk H[IH] o

TEE RS T RN SR AR RS - DIBURE TEER/N -

6 always @%* 16 8: ssd =

7 case (binary) 17 9: ssd =

8 0: ssd = 0 18 10: ssd =

9 1: ssd = /1 19 11: ssd =

10 2: ssd = 2 20 12: ssd = ]
11 3: ssd = 21 13: ssd = 1
12 4: ssd = 22 14: ssd = ‘
13 5: ssd = 23 15: ssd =

14 [ ssd = 24 default: ssd =

15 7: ssd = 25 endcase

HE sy Fairisal » HernyHEAH B B —E0VRIT] o B MR E
1 top °

20 wire [3:0] delta_volume;

21

22 control_volumn control_volumn(

23 .delta volume,

24 .increase_volume,

25 .decrease_volume, 30 decoder decoder (

26 .clk, <l .ssd (cathede),

25 .rst_n 32 .binary(delta_volume)
28 33 )

ﬁDJ:l SpEE A AR B 053 delta_volume > G E AR T B~ 1Y
B UFEEREEAN



45 wire [15:0] b_clk;

46
35 wire [21:0]) note_diwv; 47
36 48
37 note_div_lookup note_div_lookup( 49 note_gen Ung(
38 .note_div, 50 .b_clk(b_clk[11]),
39 .play do, 51 .note_div,
40 -play_re, 52 .clk,
41 play mi 53 .rst_n
42 54 ):

ﬁ[lj: 7 A R AR 8 S PR EL note_div > WEBREIFRAERS DUZE £ 77K b_clk -

56 Speaker controllor

57 1 ¥
58 to ge te t 1

5 speaker control Usc(

60 .audio_mclk, master clock

61 .audio lrck, eft-right clock

62 .audio_sck, serial cl

63 .audlo sdin, eria 3 input

64 .audlo left (b_ clk * delta volume) /) left hannel audi ita inp
65 .audio_right (b_ clk * delta volume) right channel audic data input
66 .clk, 1 : t stal

67 .rst n // active low reset

68 |

Bi% > EJ7 R RER I ACHER] DAC AYBLHBIH - ZERE b_clk PR RS B (A
SR -

5. Conclusion
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