1 Finish the time display function supporting 24-hour (00-23).

1.1 Can display as hour:minute and second, and use a push button or DIP switch

to switch the display.
1.2 Support two modes: AM/PM and 24-hour

1. Specification
RNE: N MREYEEPHY inputs, outputs DU EL bit widths + ZRBAHERIREY
verilog code HfH[E] °

module LAB7 1 top(

output

output

input
input

input

input
input
input

input

input

input

[7:0] cathode,
[3:0] anode,

add_second undebounced,
add minute undebounced,

add_hour undebounced,

switch setting,

switch hour minute second,

switch 12 24,
[3:0] speedup,

clk 100mhz,

rst n

2. Block Diagram
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3. Finite state machine

WNZE: BERTHY Finite state machine » Z5fRHIEHE o

4. Implement
N2 SH5IHAERIRY logic function ~ FEMFI X FFERREBESHEE L - &RE
% > HDARE code fRFEEHA FPGA EiBIERE (EARBER AL code R FPGA ) -
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1l module frequency divider (
2 output reg [26:0] clk g,

3 input clk 100mhz,
4 input rst n
5);
6 wire [26:0] clk g tmp:;
7
8 assign clk g tmp = (clk g < 27'd%9 989 999) ? (clk g + 1'bl) : ('b0);
9
10 always @(posedge clk 100mhz or negedge rst n)
11 if (~rst n) clk g <= 'b0;
12 else clk g <= clk g _tmp;
13

14 endmodule
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1 module debounce (
2  output debounced,

3 input undebounced,

4 input clk,

5 input rst n

6);

7 reg [3:0] undebounced window;

8

9 always @ (posedge clk or negedge rst_n)
10 if (~rst_n) undebounced window <= 'b0;
11 else undebounced window <= {undebounced window, undebounced};
12
13 assign debounced = (undebounced window == 4'bl1111);
14

15 endmodule
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1 module counter(
2 output reg [3:0] wvalue,

output carry out,
input carry in,

input [3:0] upper bound,

@ Jo b W

9 input clk,
10 input rst n
11
12 wire [3:0] next_value;
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14 assign next value = (~carry_in) ? (value)

15 (value < upper bound) ? (value + 1'bl)

16 (value == upper_bound) 2 ('b0) : (4'hFE);
17

18 always @ (posedge clk or negedge rst_n)

19 if (~rst_n) wvalue <= 'b0;

20 else value <= next value;

21

22 assign carry out = (carry in & value == upper bound);

23

24 endmodule
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16 counter ones_counter (

17 .value (ones_value),
18 .carry out (carry ones tens),
19 .carry _in (carry_in),
20 .upper bound (ones upper bound),
1 module two digits( 21 clk (clk),
2 output [3:0] ones_value, 29 .rst n (rst n)
3 output [3:0] tens_value, 23 ) ; - -
4 24
5 output carry_out, 25 counter tens counter (
& input carry_ in, 26 .value (tens_value),
7 27 .carry out (carry out),
8 input [3:0] ones_upper_ bound, 28 .carry in (carry ones tens),
9 input [3:0] tens_upper bound, 29 .upper:bound(tens_ﬁpper:bound},
10 30 .clk (clk),
11 input clk, 31 .rst n (rst_n)
12 input rst_n 39 ):
13); 33

14 wire carry ones_tens; 34 endmodule
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12 two_digits two digit second(

13 .ones value (ones wvalue),

1 module second( 14 .tens:value (tenS:value),
2 output [3:0] ones_value, 15 .carry out (carry out),
3 output [3:0] tens_value, 16 .carry in (carry in),

4 17 .ones_upper_bound(4'd9),

5 output carry_ out, 18 .tens upper bound(4'd5),

) input carry in, 19 .clk (clk),

7 20 .rst n (rst_n)

8 input clk, 21 ) ;

9 input rst_n 22
100); 23 endmodule
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12 two_digits two_digit minute(

13 .ones_value (ones_value),

1 module minute ( 14 .tens_value (tens_value),
2 output [3:0] ones value, 15 .carry out (carry out),
3 output [3:0] tens_value, 16 .carry in (carry in),

4 17 .ones upper bound(4'd9),

5 output carry_ out, 18 .tens_upper bound(4'dS),

6 input carry_in, 19 .clk (clk),

7 20 .rst n (rst_n)

8 input clk, 21 ) ;

9 input rst n 22
100)» 23 endmodule

/N EA 1B i BT R - 2B 14 21 15 172/ NP HY S B ESRHE - 205/ Nkg
Ay B2 0 2 1 > AREEA B ESEE 9 > AR B 2 > (BB B
3 B ESANEE R 2 -

1 module hour (

2 output [3:0] ones value,
3 output [3:0] tens_value,
4

5 output carry out,

6 input carry in,

7

8 input clk,

9 input rst n
10 )

11 wire [3:0] ones_upper bound;
12 wire [3:0] tens upper bound;

13

14 assign ones_upper bound = (tens_value == tens_upper bound)
15 ? (4'd3) : (4'd9);
le assign tens upper bound = (4'd2);

18 two _digits two digit hour(

19 .ones_value (ones_value),

20 .tens value (tens_value),

21 .carry_out (carry out),

22 .carry in (carry in),

23 .ones_upper_ bound (ones_upper bound),

24 .tens_upper bound(tens_upper bound),

25 .clk (clk),

26 .rst_n (rst_n)

27 )

28

29 endmodule
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12 input add_second,

1 module timer( Az input add_minute,

2 output [3:0] ones value second, 14 input add_hour,

3 output [3:0] tens_value_ second, 115

4 output [3:0] ones value minute, 16 input switch_setting,

5 output [3:0] tens_value minute, 17

6 output [3:0] ones value hour, 18 input clk,

7 output [3:0] tens_value_ hour, 19 input rst_n

8 201) 3

9 output carry_ out, 21 wire carry second_to_minute;
10 input carry in, 22 wire carry minute_ to_hour;
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24 second second (

25 .ones_value (ones_value_second),

26 .tens _value (tens_value_second),

2 .carry out (carry_second to_minute),

28 .carry in (carry in | ~switch_ setting),

29 .clk (clk & switch setting | add_second),
30 .rst_ n (rst_n)

31y ):

33 minute minute (

34 .ones_value (ones_value minute),

=51 .tens value (tens value minute),

36 .carry_out (carry minute to_ hour),

37 .carry in (carry second to minute | ~switch setting),
38 .clk (clk & switch setting | add minute),
39 .rst n (rst_n)

40 )i

42 hour hour (

43 .ones_value (ones_value_hour),

ald .tens value(tens value hour),

45 .carry out (carry out),

46 .carry in (carry minute to hour | ~switch_ setting),
47 .clk (clk & switch setting | add_hour),
48 .rst n (rst n)

49 );
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1 module Sw1tch_hour(
2 output [3:0] ones_wvalue_hour,
]

3 output [3 0] tens_value hour,
4 input [3:0] ones_value hour_ 24,
5 input [3:0] tens value hour 24,
6 input switch 12 24
T):
8 wire [7:0] unconverted;
9 reg [7:0] converted;
10
11 assign unconverted = {tens value hour 24, ones value hour 24};
case N2 > EHEFIHAR - AR 2R )7 7ARN T « 25 30 B 32 fTHETE T2
A -
13 always @*
14 case (unconverted)
15 {4'dl, 4'd3}: converted = {4'd0, 4'dl};
16 {4'dl, 4'd4}: converted = {4'd0, 4'd2};
17 {4'dl, 4'd5}: converted = {4'd0, 4'd3};
18 {4'dl, 4'de}: converted = {4'd0, 4'd4};
19 {4'dl, 4'd7}: converted = {4'd0, 4'd5};
20 {4'dl, 4'd8}: converted = {4'd0, 4'de};
21 {4'dl, 4'd9}: converted = {4'd0, 4'd7};
22 {4'd2, 4'd0}: converted = {4'd0, 4'd8};
23 {4'd2, 4'dl}: converted = {4'd0, 4'd9};
24 {4'd2, 4'd2}: converted = {4'dl, 4'd0};
25 {4'd2, 4'd3}: converted = {4'dl, 4'dl};
26 {4'd0, 4'd0}: converted = {4'dl, 4'd2};
27 default: converted = unconverted;
28 endcase
29
30 assign {tens value hour, ones value hour} = (switch 12 24)
31 ? (unconverted)
32 : (converted);

33 endmodule
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1 module ssd ctrl(

2 output [7:0] cathode,

3 output reg [3:0] anode,

4 input [3:0] bcdO,

5 input [3:0] bcdl, 21 always @*

6 input [3:0] bcd2, 22 case (clk)

7 input [3:0] bcd3, 23 2'do: bed = bed0;
8 input [1:0] clk 24 2'dl: bed = bedl;
90); 25 2'd2: becd = bed2;
10 reg [3:0] becd; 26 2'd3: bcd = bcd3;
11 27 default: bed = 4'bl111;
12 always @* 28 endcase
13 case (clk) 29
14 2'd0: anode = 4'b1110; 30 decoder decoder (
15 2'dl: anode = 4'b1101; 31 .ssd (cathode),
16 2'dz2: anode = 4'b1011; 32 .bcd (bed)
17 2'd3: anode = 4'b0111; 33 )
18 default: anode = 4'b0000; 34

19 endcase 35 endmodule
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1 module electronic clock(

2 output [7:0] cathede, 17 reg clk timer;

3 output [3:0] anode, 18

4 19 wire [3:0] cnes value second;
5 input add_ second, 20 wire [3:0] tens value second;
6 input add minute, 21 wire [3:0] ones value minute;
7 input add hour, 22 wire [3:0] tens_value minute;
8 N 23 wire [3:0] ones value hour 24;
9 input switch setting, 24 wire [3:0] tens_value_ hour 24;
10 input switch_hour minute_second, 25 wire [3:0] ones value hour;
11 input switch 12 24, 26 wire [3:0] tens_value hour;
12 input [3:0] speedup, 27
ILE! 28 reg [3:0] bcdO;
14 input [26:0] clk_g, 29 reg [3:0] bedl;
15 input rst_n 30  reg [3:0] bcd2;
16 ) Sl reg [3:0] bcd3;
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33 always @*

34 case (speedup)

35 4'do0: clk _timer = clk_g[26];
36 4 VAl clk_timer = clk_g[25];
37 4'd2: clk_timer = clk_g[24];
38 4'd3: clk _timer = elk_g[23];
39 4'd4: clk_timer = clk _g[22];
40 4'd5: ¢lk timer = ¢€lk gl21]1;
41 4'de6: clk_timer = clk g[20];
42 4'd7: clk_timer = clk_g[19];
43 default: clk timer = clk g[18];
44 endcase
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46 timer timer(

47 .ones_value second(ones_value_ second),
48 .tens value second(tens_value second),
49 .ones_value minute (ones_value minute),
50 .tens_value minute(tens_value minute),
51 .ones_value_hour (ones_value_ hour 24),
32 .tens_value hour (tens_value hour 24),
53 .carry out 0,

54 .carry_in (1'bl),

55 .add_second (add_second),

56 .add minute (add minute),

57 .add_hour (add_hour),

58 .switch setting (switch_setting),

59 .clk (clk_timer),

60 .rst n (rst_n)

6L );
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63 switch_hour switch hour(

64 .ones_value_hour (ones_value_hour),

65 .tens value hour (tens value hour),

66 .ones_value hour_ 24 (ones_value hour_ 24),
67 .tens_value _hour_ 24 (tens_value_hour_24),
68 .switch 12 24 (switch 12 24)

€9 );

70

71 always @%*

72 if (switch _hour minute_ second) begin

73 bcd0 = ones_value minute;

74 bcdl = tens_value minute;

78 becd2 = ones_value hour;

76 bcd3 = tens value hour;

77 end else begin

78 bcd0 = ones value second;

79 bcdl = tens value second;

80 bcd2 = ones_value _minute;

81 bcd3 = tens value minute;

82 end

B 1% FHEERITE L E] ssd_ctrl BIH] -

84| ssd ctrl ssd _ctrl(

85 .cathode (cathode),

86 .anode (anode) ,

87 .bcd0 (bcd0),

88 .bcdl (bcdl),

89 .bcd2 (bcd2),

90 .bcd3 (bcd3),

91 SE1K (clk g[20:19])
92 )

93

94 endmodule
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module LAB7_ 1 top(
output [7:0] cathode,
output [3:0] ancde,

input add_second undebounced,
input add minute undebounced,
input add hour undebounced,

1
2
3
4
5
6
7 _—
8

9 input switch_setting,
10 input switch hour minute_ second,
11 input switch 12 24,
12 input [3:0] speedup,

13 17 wire [26:0] clk g;
14  input clk 100mhz, 18 wire add_second;
15 input rst n 19 wire add minute;
16 ) - 20 wire add hour;

FHHRZ IR 2R SC S T > INELIERERY top REL&D - JLERA -

22 frequency divider frequency divider (

23 .clk g (clk_g),
24 .clk_100mhz (clk 100mhz),
25 .rst n (rst_n)

26, )i
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28 debounce debounce_ add second(

29 .debounced (add second),

30 .undebounced (add_second_undebounced) ,
31 .clk (clk_g[l1l8]1),

32 .rst n (rst_n)

23 )i

34

35 debounce debounce_add_minute(

36 .debounced (add_minute),

37 .undebounced (add minute undebounced),
38 .clk (clk_gl181),

39 .rst_n (rst_n)

40 ) :

41

42 debounce debounce_add_hour (

43 .debounced (add_hour),

44 .undebounced (add_hour undebounced) ,
45 .clk (clk gll8]),

46 .rst n (rst n)

47 )i

2 debounce #EAYERSE E BRI MM Z2AEHY electronic_clock @ BEEFLATHERK T

49 electronic _clock electronic clock(

50 .cathode (cathode),

Sk .anode (anode),

52 .add_second (add_second),

53 .add minute (add _minute),

54 .add_hour (add_hour),

53 .switch setting (switch_setting),
56 .switch hour minute second(switch hour minute second),
57 .switch 12 24 (switch_ 12 24),
58 . speedup (speedup),

59 .clk g (clk _g),

60 .rst_n (rst_n)

61 )i

62

63 endmodule

5. Conclusion
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2 For the date functions in clock (no leap year), we have the following functions:
oDay  (Jan/March/May/July/Aug/Oct/Dec: 1-31,

Feb: 28, Apt/June/Sept/Nov: 30),
o Month (1-12),
o Year  (00-99).
Implement the following functions:
2.1 Month-Day function display in the 4 7-segment displays.
2.2 Combine the Year and 1.1 to finish a Year-Month-Day, and use one DIP switch
to select the display of Year (2 Seven-Segment Displays, SSDs) or Month-Day (4
SSDs).

1. Specification
RE: B MREYEREHRY inputs, outputs DU EL bit widths » ZFBRERIREY
verilog code HfH[E] °

module LAB7 1 top(

output [7:0] cathode, // CERERES
output [3:0] anode, // TCEREURES
input undebounced add day, /] H—Thl—X
input undebounced add month, /] H—Thl—@H
input undebounced add year, /] =TI
input undebounced switch setting, /) DI E R
input undebounced switch day month year, // VIEERFEHH
input [3:0] undebounced speedup, // demo HFJzE H
input clk 100mhz, // PNEEAEFAR
input rst n // BEE -~ Uk

) ;

2. Block Diagram
W% EREHHY Block diagram(F] DU FEHREEIGEIE) -
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3. Finite state machine

N : BEERHHY Finite state machine » SR EE -

4. Implement
% SH5THAHRRRY logic function ~ BRI FAERENEE L - &RE
& » T DARE code RTEE FPGA BB (E A BE R A code R FPGA &ER) -
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1 module frequency_divider(
2 cutput reg [26:0] clk g,

3 input clk _100mhz,

4 input rst n

S )

6 wire [26:0] clk g tmp;

7

8 assign clk g tmp = (clk g < 27'd99 999 999) 2 (clk g + 1'bl) : ('b0);
9

10 always @ (posedge clk 100mhz or negedge rst_n)
11 if (~rst_n) clk g <= 'b0;

12 else clk g <= clk g tmp;

13

14 endmodule
Frdfas il debounce HYRREAHAN EREE A _E—RERYELLF » AR -

1 module debounce (
2 output debounced,
3 input undebounced,
4 input clk,
5 input rst n
6);

7

8

reg [3:0] undebounced window;

9 always @(posedge clk or negedge rst n)

10 if (~rst_n) undebounced window <= 'b0;

11 else undebounced window <= {undebounced window, undebounced};
12

13 assign debounced = (undebounced window == 4'bl111);

14

15 endmodule
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1 module counter (

W o WM

9):
10
11
12
13
14
15
16
17
18
19

output reg [6:0] wvalue,

input [6:0] upper_bound,
input [6:0] lower bound,
input clk,

input rst n

wire [6:0] next value;
assign next value = (value < upper bound)
? (value + 7'bl)

(lower bound);

always @ (posedge clk or negedge rst n)
if (~rst_n) value <= 7'b0;
else value <= next value;

20 endmodule

SIS E— BT T IR - FURRTIE T TSRMERMA - YRS 12
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Flo

RS A =T Arcst Ees A E F —(EFEHE -

1
2
5
4
3
6
7
8

9
10
11
12
13
14
15);
16
17
18
19
20

module timer (

cutput [6:0] day value,
cutput [6:0] month _value,
cutput [6:0] year value,

input add day,
input add month,
input add_year,

input switch_ setting,
input [3:0] speedup,

input [26:0] clk g,
input rst n

wire [6:0] day upper bound;
wire day clk;

wire month clk;
wire tear clk;

AR RN - Bl R ESREERRISFE A () iR -

22
% &
24
25

determine_day upper bound determine day upper bound (
.day_upper_bound,
.month value

)



Ay T demo J5{# - {HIR E—EAVEES - NERHE M2V E A H
HY clke o AR —(EAHRBHRAUEL - JEE IR (5 R B R E TR A -

27  speedup for demo speedup for demo(

28 .day_clk,
29 . speedup,
30 .clk g
31 )

HS SR HE A HE 2 A PIEAE IR A B ey EAcat#Es A > A 5550
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33 debounce_onepulse debounce onepulse month clk(

34 .onepulsed(month clk),

515 .debounced (),

36 .undebounced (day value == 7'dl),
37 .clk(clk g[14]),

38 .rst n

39 )i

40

41 debounce onepulse debounce onepulse year clk(
42 .onepulsed (year clk),

43 .debounced (),

44 .undebounced (month value == 7'dl),
45 .clk(clk g[14]),

46 .rst n

47 )

Bf% o fE EECHIET I RAY SR ok ~ RN S E &S S (AR e B AL R a] -

49 counter day_ counter(

50 .value (day_value),

51 .upper_bound (day_ upper bound),

52 .lower bound(7'dl),

53 .clk(switch setting & day clk | add day),
54 .rst n

55 ):

56

57 counter month counter(

58 .value (month value),

59 .upper bound(7'dl2),

60 .lower bound(7'dl),

6l .clk(switch setting & month clk | add month),
62 .rst n

63 )i

64

65 counter year counter(

66 .value (year value),

67 .upper_ bound (7'd99),

68 .lower bound(7'd0),

69 .clk(switch_setting & year clk | add_year),
70 .rst n

)

72

73 endmodule
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1 module determine day upper bound(

2 ocutput [6:0] day upper bound,

3 input [6:0] month_value

4);

5

[ assign day_upper_bound = (month_value == 7'd0l) 2 (7'd31)
7 (month_wvalue == 7'd02) 2 (7'd28)
8 (month_wvalue == 7'd03) 2 (7'd31)
9 (month_wvalue == 7'd04) 2 (7'd30)
10 (month _wvalue == 7'd05) ? (7'd31)
11 (month wvalue == 7'd06) ? (7'd30)
12 (month wvalue == 7'd07) 2 (7'd31)
13 (month value == 7'd038) 2 (7'd3l)
14 (month value == 7'd09) 2 (7'd30)
15 (month value == 7'dl0) 2 (7'd3l)
16 (month value == 7'dll) 2 (7'd30)
17 (month value == 7'dl2) ? (7'd31)
18

19 endmodule

FIZIE demo R fIZRAVIFAH /2 A MUX ZHEL -

day clk = clk g[2e6];
day clk = clk g[25];
day _clk = clk _g[24];
day _clk = clk g[23];
day _clk = clk _gl[22];
day clk = clk g[21];
day_clk = clk _g[20];
day clk = clk g[1l8];
day clk = clk g[l8];

1 module speedup for demo(
2 ocutput reg day clk,
3 input [3:0] speedup,
4 input [26:0] clk g
5);
6
7 always @*
8 case (speedup)
9 4'd0:

10 4'dl:

11 4'dz:

12 4'd3:

13 4'd4:

14 4'd5:

15 4'de:

16 4'd7:

17 default:

18 endcase

19

20 endmodule

2 0 timer EL&E

(7'hE) ;

TSR > B TR e R TR B Ay — 2R AR -

FHHY FPGA MBI B3 LA VUENL S - FTLAFE R —{# switch 2R EJ#AEE
REHEGEHH o {8 switch_year_month_day ZRHIETE A ~ H ~ H =&Y
AR [ S HR AR B R8s

1 module switch display(

2 output
output

input

3

4

3 input
6

7 input
8

[6:0]
[6:0]

[6:0]
[6:0]
[6:0]

binaryo0,
binaryl,

day value,
month value,
year value,

9 input switch day month year

10 );

11

12 assign binary0 = (switch_day month _year) ? (month_value)

13 assign binaryl

14
15 endmodule

(switch_day_month_year) ? (year_value)

(day value);
(month_wvalue) ;
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1 medule two_digits(

2 output [3:0] ones,
3 output [3:0] tens,
4 input [6:0] binary
5);

ﬁiﬁf&'%ﬁiﬁﬂﬁiﬁﬁﬁ ° A BRARIE T BUERTA E LT BT case © &
2 BRI AT D ERHE - TREE IR - ARSI E AR AR -

7 assign tens = (binary < 7'dl0) 2 (4'd0)

8 (binary < 7'd20) ? (4'dl)

9 (binary < 7'd30) ? (4'd2)

10 (binary < 7'd40) ? (4'd3)

11 (binary < 7'd50) 2 (4'd4)

12 (binary < 7'de0) 2 (4'd5)

13 (binary < 7'd70) 2 (4'de)

14 (binary < 7'd80) ? (4'd7)

15 (binary < 7'd20) ? (4'd8) :

16 (4'd9) ;

17

18 assign ones = (binary < 7'dl0) ? (binary - 7'd00)
19 (binary < 7'd20) ? (binary - 7'dl0)
20 (binary < 7'd30) ? (binary - 7'd20)
21 (binary < 7'd40) ? (binary - 7'd30)
22 (binary < 7'd50) ? (binary - 7'd40)
23 (binary < 7'de0) ? (binary - 7'd50)
24 (binary < 7'd70) ? (binary - 7'dc0)
25 (binary < 7'dg80) ? (binary - 7'd70)
26 (binary < 7'd%0) ? (binary - 7'd80) :
27 (binary - 7'd90) ;
28

29 endmodule

fEPL = {EfEAH (timer ~ switch_display ~ two_digits ) EIAEF—/#E » BLSERL T A
REHE TR DI RE BB RIIAE ©

1 module electronic_clock(

2 output [7:0] cathode,

3 output [3:0] anode, 16 wire clk timer;

4 17

5 input add_day, 18 wire [6:0] day value;
(3} input add_month, 19 wire [6:0] month value;
7 input add_year, 20 wire [6:0] year value;
8 21

9 input switch setting, 22 wire [6:0] binary0;

10 input switch day month year, 23 wire [6:0] binaryl;

11 input [3:0] speedup, 24

12 25 wire [3:0] bcdO;

13 input [26:0] clk g, 26 wire [3:0] bcdl;

14 input rst n 27 wire [3:0] bcd2;

15 28 wire [3:0] bcd3;



HIFARER - & 7R EEURE HEEH B tmer YR HIERTSLHEL
P25 switch_display FIETZOREEE H H =2 THYIERI(EERSE -

31 timer timer(

32 .day value,

33 .month value,

34 .year value,

35 .add day, 44 switch display switch display(
36 .add month, 45 .binaryo0,

37 .add_year, 46 .binaryl,

38 .switch setting, 47 .day value,

39 . speedup, 48 .month value,

40 .clk g, 49 .year value,

41 .rst n 50 .switch day month year
42 )i 5L )i

FHEIR ARSI B RS S s AL VU (E BCD Z1% - B R HI T BB UREsHY
el - HP RN IR (ssd_ctrl) BRE—B—H—1% > EREGHRIA] -

B two_digits two_digit binaryoO ( 65 ssd ctrl ssd ctrl(
54 .ones (bcd0), 66 .cathode (cathode),
55 .tens (bcdl), 67 .anode (anode),
56 .binary(binary0) 68 .bcd0 (bcd0) ,

57 ) ; 69 .bcdl (bcdl),

58 70 .bcd2 (bcd2),

59 two digits two digit binaryl( 71 .bcd3 (bcd3),

60 .ones (bcd2), 72 .clk (clk_g[20:19])
6l .tens (bcd3), 73 )

62 .binary(binaryl) 74

63 ) 75 .endmodule

it RE A R TIThEE B ST (B4 (electronic_clock)
W o TR op HEMHIA -

IR E—— > R ESIEZ BB IIRE A AR T M TR A
U —26 FPGA Y input 25 electronic_clock [RIA] o

1 module LAB7_1 top(
2 output [7:0] cathode,

3| output [3:0] anode,

4

5 input undebounced add day,

6  input undebounced add month,

7  input undebounced add_year, 16 wire [26:0] clk g;

8 147

9 input undebounced switch setting, 18 wire add day;

10 input undebounced switch day month year, 19 wire add month;

bl input [3:0] undebounced speedup, 20 wire add:year;

12 21

13 input clk 100mhz, 22 wire switch_setting;
14 input rst n 23 wire switch_day month_year;
151) 24 wire [3:0] speedup;

FPGA PYREHIRFAR cli_100mhz i debounce » FLHEMBEEIRRIER » FIHGHRIES
A HH A electronic_clock FE4 -

26 frequency_divider frequency divider(

27 .clk g,
28 .clk _100mhz,
29 .rst n

300 s
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32 debounce_all_input debounce_all input(

33 .add_day,

34 .add month,

35 .add_year,

36 .switch setting,

37 .switch day month year,

38 . speedup,

S0 .undebounced add day,

40 .undebounced add month,

41 .undebounced add year,

42 .undebounced switch setting,
43 .undebounced switch day month year,
44 .undebounced speedup,

45 .clk(clk g[18]),

46 .rst n

47 );

debounce 5EHMYEHSEFFEL electronic_clock ¥HERY port 2

49 electronic clock electronic clock(

50 .cathode,

51 .anode,

52 .add day,

53 .add month,

54 .add year,

55 .switch setting,
56 .switch day month year,
57 .speedup,

58 .clk g,

3% .rst n

60 )

6l

62 endmodule

Hrfr > debounce_all_input gk HZHEFTAEREE debounce 1 FERHIME ©

1 module debounce_all input(

2 cutput add day,

3 output add month,

4 output add year,

3

6 ocutput switch setting,

7 output switch day month vear,
8 output [3:0] speedup,

9

10 input undebounced add day,

11  input undebounced_add _month,

12  input undebounced_add_year,

13

14  input undebounced_ switch_setting,
15 input undebounced_switch_day month_year,
16 input [3:0] undebounced speedup,
17

18 input clk,

19 input rst n

200);

FRACHE AR Bzt » M1 H B R ZUA IR day 2K year F1 month B[JH]

22  debounce debounce add day(

23 .debounced (add day),

24 -undebounced (undebounced_add_day) ,
25 .clk,

26 .rst_n

27 )i
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43  debounce debounce switch_setting(

44 .debounced (switch_setting),

45 .undebounced (undebounced_switch_setting),
46 .clk,

47 .rst n

48 )

49

50 debounce debounce_ switch day month year(

51 .debounced (switch day month vyear),

52 .undebounced (undebounced switch day month year),
53! .clk,

54 .rst n

55 )i

VO{EZEA] demo ZRFEHY switch » FLAL =& A 0 ple 1~ 2~ 3 B[IH] -

57 debounce debounce add speedupO (

58 .debounced (speedup([0]),

59 -undebounced (undebounced_speedup [0]),
60 .clk,

61 .rst n

62 ):

5. Conclusion
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reg q;

wire a, b, c, d,

always @ (posedge

.
ey

a | b

[ c | ..)

q <=

S EFE RO (EBeR NG EES - AR

1 module counter(

(0/p of some CLLw/ a, b, ...

as inputs) ;

LABG Y55 B HARA) -

2 output reg [3:0] value,

3 output o_carry,

4  output o_borrow,

5 input i _carry,

6 input plus,

7  input i borrow,

8 input minus,

g input [3:0] limit,
10  input rst n
11);
12
13 always @ (posedge plus | minus or negedge rst_n)
14 value <= (~rst n ) ? (0 )
15 (plus & i_carry & value < limit) ? (value + 1)
16 (plus & i carry & value == limit) 2 (0 )
17 (minus & i_borrow & value > 0 )y ? (value - 1)
18 (minus & i_borrow & value == ) ? (limit )
19 (value )
20
21 assign o carry = i carry & (value == limit);
22  assign o borrow = i borrow & (value == 0);
23

24 endmedule
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