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Stopwatch

without Finite State Machine
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stopwatch

en=(0 disable counting
en=0, mode=0 initial at 15

en=0, mode=1 initial at 30

en=1 enable down counting

stopwatch_top.v

clk ssd_ctl_en 2
Crystal | 5| freq_div.v +
ln:lk_d
secl
disp 4, |ssd_ctl
stopwatch.v 15 / —
_/jb ssd.v ’ -
Downcounter.v
mode secl . 15
F- dlsp 15 ,f .-'__
Downcounter.v _/_4» ssd.v ssd_ctl.v display
disp 15
D—/—Ab ssd.v
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global.v

‘define BCD_BIT_WIDTH 4 // bit width for BCD counter
‘define ENABLED 1 // ENABLE indicator
‘define DISABLED 0 // EIDABLE indicator
‘define INCREMENT 1'b1// increase by 1
“define BCD_ZERO 4'd0 // 0 for BCD
"define BCD_ONE 4'd1// 1 for BCD
‘define BCD_TWO 4'd2 // 2 for BCD
“define BCD_THREE 4'd3 // 3 for BCD
"define BCD_FOUR 4'd4 // 4 for BCD
‘define BCD_FIVE 4'd5// 5 for BCD
"define BCD_SIX 4'd6 // 6 for BCD

"define BCD_SEVEN 4'd7 // 7 for BCD
“define BCD_EIGHT 4'd8 // 8 for BCD
“define BCD_NINE 4'd9 // 9 for BCD
"define BCD_DEF 4'd15// all 1

/l For BCD to seven segment display decoder

‘define SSD_ZERO 'SSD_BIT_WIDTH'b0000001_1// 0
‘define SSD_ONE 'SSD_BIT_WIDTH'b1001111_1//1
‘define SSD_TWO 'SSD_BIT_WIDTH'b0010010_1// 2
‘define SSD_THREE "'SSD_BIT_WIDTH'b000110_1// 3
‘define SSD_FOUR "SSD_BIT_WIDTH'b1001100_1// 4
‘define SSD_FIVE 'SSD_BIT_WIDTH'b0100100_1// 5
‘define SSD_SIX "SSD_BIT_WIDTH'b0100000_1// 6
"define SSD_SEVEN 'SSD_BIT_WIDTH'b0001111_1//7
“define SSD_EIGHT 'SSD_BIT_WIDTH'b0000000_1// 8
"‘define SSD_NINE 'SSD_BIT_WIDTH'b0001100_1 // 9

/l For adder

"define ADDER_IN_BIT_WIDTH 3 // For decoder
‘define CTL_BIT_WIDTH 3

‘define CTL_BIT _WIDTH_L 2

‘define BCD_BIT_EXT 3 // BCD bit width

I/l SSD display scan control
‘define SSD_DIGIT_NUM 4 // number of SSD digit
‘define SSD_SCAN_CTL_BIT_NUM 2

/[ number of bits for ssd scan control

"define SSD_SCAN_CTL_DISP1 4'b1000 // set the value of SSD 1
"define SSD_SCAN_CTL_DISP2 4'b0100 // set the value of SSD 2
"define SSD_SCAN_CTL_DISP3 4'b0010 // set the value of SSD 3
‘define SSD_SCAN_CTL_DISP4 4'b0001 // set the value of SSD 4

‘define SSD_BIT_WIDTH 8 // SSD display control bit width

‘define SSD_DEF "SSD_BIT_WIDTH'b0000000_0 // default
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downcounter.v (1/2)

‘include “global.v” i
module downcounter(
value, // counter value
borrow, // borrow indicator for counter to next stage
clk, // global clock
rst, // active high reset

decrease decrease, // decrease input from previous stage of counter
init_value fl,( 4 init_value, //initial value for the counter
o 4 —7— value | jimit, // limit for the counter
imit — en // enable/disable of the counter
clk borrow );
rst_n
en output [ BCD_BIT_WIDTH-1:0] value; // counter value
— output borrow; // borrow indicator for counter to next stage

input clk; // global clock

input rst; // active high reset

input decrease; // decrease input from previous stage of counter
input [ BCD_BIT_WIDTH-1:0] init_value; //initial value for the counter
input [ BCD_BIT_WIDTH-1:0] limit; // limit for the counter

input en; // enable/disable of the counter

reg [ BCD_BIT_WIDTH-1:0] value; // output (in always block)
reg [ BCD_BIT_WIDTH-1:0] value_tmp; // input to dff (in always block)
reg borrow; // borrow indicator for counter to next stage
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downcounter.v (2/2)

// Combinational logics
always @(value or decrease or en or limit)
if (value=="BCD_ZERO && decrease && en)
begin
value_tmp = limit;
borrow = 'TENABLED;
end
else if (decrease && en)
begin
value_tmp =value - INCREMENT,;
borrow = 'DISABLED;
end
else if (en)
begin
value_tmp = value;
borrow = ‘DISABLED;
end
else
begin
value_tmp = BCD_ZERO;
borrow = ‘DISABLED;
end

/] register part for BCD counter
always @(posedge clk or posedge rst)
if (rst)
value <=init_value;
else
value <=value_tmp;
endmodule

value

value==0 clk

decrease==1
en==

1 —1 1
else

2
value==

decrease==1
en==

borrow
0 |
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stopwatch.v (1/2)

‘include “global.v”

decrease_enable decrease . qu_me stopwatf:h(
digitl, // 2nd digit of the down counter
init_digd0  init value , 4 value digit digit0, // 1st digit of the down counter
9 limit 4 | 7 clk, // global clock
rst, // active high reset
clk clk —9 bOIOW mode, // mode selection for 15 sec, 30-sec
rst_n rst n —o en // enable/disable for stopwatch
cti[0] en );
— L
output [ BCD_BIT_WIDTH-1:0] digit1;
output [ BCD_BIT_WIDTH-1:0] digitO;
decrease input clk; // global clock
o - 4 !nput rst; // active high reset
init_digl  init_value —#— . value  digit1 |input mode; // mode selection for 15 sec, 30-
5 limit -4/ sec
[ . .
input en; // enable/disable for stopwatch
clk —*— borrow
rst_n -A—m— wire brO, brl; // borrow indicator
cHi[] en wire decrease_enable;

reg [1:0] ctl;
reg [ BCD_BIT_WIDTH-1:0] init_digO0;
reg [ BCD_BIT_WIDTH-1:0] init_dig1,;
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stopwatch.v (2/2)

/ mode selection: 15-sec or 30-sec
always @(mode) /l 30 sec down counter
case (mode) downcounter UdcO(
1'bO: .value(digit0), // counter value
begin .borrow(br0), // borrow indicator for counter to next stage
ctl = 2'b11; .clk(clk), // global clock signal
init_dig0 = 'BCD_FIVE; rst(rst), // high active reset
init_digl = 'BCD_ONE; .decrease(decrease_enable), // decrease input from
end previous stage of counter
1'b1: Init_value(init_digO0), //initial value for the counter
begin JimitCBCD_NINE), // limit for the counter
ctl = 2'b11,; .en(ctl[0]) // enable/disable of the counter
init_dig0 = 'BCD_ZERO; );
init_digl = 'BCD_THREE;
end downcounter Udc1( .value(digitl), // counter value
default: .borrow(brl), // borrow indicator for counter to next stage
begin .clk(clk), // global clock signal
ctl = 2'b00; rst(rst), // high active reset
init_dig0 = 'BCD_ZERO,; .decrease(br0), // decrease input from previous stage of
init_digl = 'BCD_ZERGO,; counter
end Init_value(init_digl), //initial value for the counter
endcase JimitCBCD_FIVE), // limit for the counter
.en(ctl[1]) // enable/disable of the counter
assign decrease_enable = en && );
(~((digito=="BCD_ZERO) && endmodule
(digitl=="BCD_ZEROQ)));
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Stopwatch with
Finite State Machine
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Stopwatch with Finite State Machine

1|e stopwatch function (30, 15) with 1-bit control for

stop(50), start(S1), and pause display(S2)

inputs outputs
1%t : pressed 1st: count_enable
2nd: press_latch==111 2nd: freeze enable

3rd : press_latch==001

0xx/00
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Input Output

Present Next

State |in casel case? State countgenabl freezegenabl

SO |0 X X SO 0 0

SO0 |1 X X S1 1 0

S1 |0 X X S1 1 0

S1 |0 1 0 SO 0 0

S1 |0 0 1 S2 1 1

S2 |0 X X S2 1 1

S2 |1 X X S1 1 0
Present Input Next Output
State | State |count_enabl (freeze_enabl
(state) in casel case2 (state) c o

00 |0 X X 00 0 0

00 |1 X X 01 1 0

01 |0 X X 01 1 0

o1 |0 1 0 00 0 0

01 |0 0 1 10 1 1

10 |0 X X 10 1 1

10 |1 X X 01 1 0




Stopwatch with FSM

5 Present Input Next Output
State in casel case? State \count_enabl|freeze_enabl
state, (t), state(t (state) (state) e e
(state, (1) (1)) 0 |0 X X 00 0 0
00 |1 X X 01 1 0
01 0 X X 01 1 0
01 |0 1 0 00 0 0
01 |0 0 1 10 1 1
10 0 X X 10 1 1
10 1 X X 0 1 0
6 | Next state equations state, (t +1), state(t +1 ¥ unused state 11
q 1 0
state, (t +1) = D, (state, (t), state, (t), in, case ,case,) = Z (13,16,17,18,19) 10

state, (t +1) = D, (state, (t), state,(t), in, case , case,) = Z (4,5,6,7,8,9,10,11,20,21,22,23) 11
Output equations

count enable=>» (4,5,6,7,8,9,10,111316,17,18,19,20,21,22,23)
freeze _enable=)» (4,5,6,7,8,9,10,11,20,21,22,23)

8 | Excitation equations
D, = state; - state, -in - case, - case, + state, - state, - in’

D, = state; -in + state, - state, - in’ 9 | Your Logic Diagram
Output equations

count _enable = state, - state; + state, - (State, ® in) + state; - state, - in-case; - case,
freeze _en = state, - state, -in-case, - case, + state, - state; -in’

7 | Choose D FFs (default)
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Stopwatch with FSM

en=0 disable counting

en=0, mode=0 | initial at 15

en=0, mode=1 | initial at 30

en=1 enable down counting

0xx/00

001/11
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bcdcnt.v
ssd_ctl_en
clk _Ctl_ 2
CWSt?'__.,_ freq_div.v ,’
lclk_d
seci
disp 4, |ssd_ctl
stopwatch.v 4 15 /
+" ssd.v 4 >
Downcounter.v
mode secﬂ disp 45 15;, >
Downcounter.v _/_> ssd.v ssd _ctl.v display
disp 15
D—/—d‘b ssd.v
count_enaljle freege_enable

tton

S E—— FSM.v




global.v

"define BCD_BIT_WIDTH 4 // bit width for BCD counter
‘define ENABLED 1 // ENABLE indicator
‘define DISABLED 0 // EIDABLE indicator
‘define INCREMENT 1'b1// increase by 1
“define BCD_ZERO 4'd0 // 0 for BCD
"define BCD_ONE 4'd1// 1 for BCD
‘define BCD_TWO 4'd2// 2 for BCD
“define BCD_THREE 4'd3 // 3 for BCD
"define BCD_FOUR 4'd4 // 4 for BCD
‘define BCD_FIVE 4'd5 // 5 for BCD
"define BCD_SIX 4'd6 // 6 for BCD

"define BCD_SEVEN 4'd7 // 7 for BCD
‘define BCD_EIGHT 4'd8 // 8 for BCD
“define BCD_NINE 4'd9 // 9 for BCD
“define BCD_DEF 4'd15// all 1

/l For adder

"define ADDER_IN_BIT_WIDTH 3// For decoder
‘define CTL_BIT_WIDTH 3

‘define CTL_BIT _WIDTH_L 2

‘define BCD_BIT_EXT 3 // BCD bit width

I/l SSD display scan control
‘define SSD_DIGIT_NUM 4 // number of SSD digit
‘define SSD_SCAN_CTL_BIT_NUM 2

/[ number of bits for ssd scan control

"define SSD_SCAN_CTL_DISP1 4'b1000 // set the value of SSD 1
"define SSD_SCAN_CTL_DISP2 4'b0100 // set the value of SSD 2
"define SSD_SCAN_CTL_DISP3 4'b0010// set the value of SSD 3
‘define SSD_SCAN_CTL_DISP4 4'b0001 // set the value of SSD 4

/[ For BCD to seven segment display decoder

‘define SSD_BIT_WIDTH 8 // SSD display control bit width
‘define SSD_ZERO 'SSD_BIT_WIDTH'b0000001_1// 0
‘define SSD_ONE 'SSD_BIT_WIDTH'b1001111_1//1
‘define SSD_TWO 'SSD_BIT_WIDTH'b0010010_1// 2
‘define SSD_THREE 'SSD_BIT_WIDTH'b000110_1// 3
‘define SSD_FOUR "SSD_BIT_WIDTH'b1001100_1// 4
‘define SSD_FIVE 'SSD_BIT_WIDTH'b0100100_1//5
‘define SSD_SIX "SSD_BIT_WIDTH'b0100000_1// 6
‘define SSD_SEVEN 'SSD_BIT_WIDTH'b0001111_1//7
‘define SSD_EIGHT 'SSD_BIT_WIDTH'b0000000_1// 8
‘define SSD_NINE "SSD_BIT_WIDTH'b0001100_1 // 9

‘define SSD_DEF “SSD_BIT_WIDTH'b0000000 0 // default
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FSM.v

‘include "global.v*

s

module FSM( count_enable, //if counter is
enabled

freeze_enable, //if ssd is freezed

0xx/00 in, //input control

clk, // global clock signal

rst // high active reset

);

// outputs

output count_enable; //if counter is
enabled

output freeze_enable; //if ssd is freezed
reg freeze_enable;

I/l inputs

input clk; // global clock signal
input rst; // high active reset
input in; //input control

reg count_enable; //if counter is enabled
reg freeze_enable; //if ssd is freezed

reg [1:0] state; // state of FSM

reg [1:0] next_state; // next state of FSM
reg [2:0] in_latch; // input latch

reg [2:0] in_latch_temp; // input latch
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FSM.v

e Press duration control

/I State Definition
‘define STAT_DEF 2'b00
‘define STAT_COUNT 2'b01

in_latch[2]
Il FSM state transition in _Do_.. I - -

always @(posedge clk or posedge rst)
if (rst) state <= "STAT_DEF;
else state <= next_state;

// kkkkkkkkkkkkkkkhkkkhkkhkkkx A

I/l Press counting
// kkkkkkkkkkkkkkkkkkkkkkkk Glﬂck {1 Hz}
always @(*)

if((in) && (state != "STAT_COUNT))
in_latch_temp = 3'b000;

else

in_latch_temp ={in_latch[1:0],~in};

always @(posedge clk or posedge rst)
if (rst) in_latch <=3'b000;
else in_latch <=in_latch_temp;
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/I FSM state decision

always @(state or in or in_latch)
case (state)

‘STAT_DEF:

if in) begin

next_state = 'STAT_DEF;
count_enable = 'DISABLED;
freeze_enable = 'DISABLED;
end

else  begin

next_state = 'STAT_COUNT,;
count_enable = "ENABLED;
freeze_enable = 'DISABLED;
end

"STAT_COUNT:

if ((in) && (in_latch==3'b111))
next_state = "'STAT_DEF;
count_enable = "DISABLED;
freeze_enable = "DISABLED;
end

elseif ((in) && (in_latch==3'b001)) begin
next_state = 'STAT_FREEZE;
count_enable = "ENABLED;
freeze_enable = "TENABLED;

end

else  begin

next_state = 'STAT_COUNT,;
count_enable = "ENABLED;
freeze_enable = "DISABLED;

end

begin
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FSM.v

"STAT_FREEZE:

if (~in)  begin

next_state = 'STAT_COUNT,;
count_enable = "ENABLED;
freeze_enable = 'DISABLED;
end

else  begin

next_state = 'STAT_FREEZE;
count_enable = "ENABLED;
freeze_enable = "TENABLED;
end

default: begin

next_state = "STAT_DEF;
count_enable = 'DISABLED;
freeze_enable = 'DISABLED;
end endcase

endmodule

0xx/00

001/11




stopwatch_disp.v

‘include "global.v"

module stopwatch_disp( display, // seven segment display control
ssd_ctl, // scan control for seven-segment display

clk, // clock

rst, // high active reset

mode, // mode selection for the stopwatch

in // input control for FSM

);

output [0:'SSD_BIT_WIDTH-1] display; // seven segment display control
output [ SSD_DIGIT_NUM-1:0] ssd_ctl; // scan control for ssd

input clk; // clock

input rst; // high active reset

input mode; // mode selection for the stopwatch
input in; // input control for FSM

wire [[SSD_SCAN_CTL_BIT_NUM-1:0] ssd_ctl_en; // divided output for ssd ctl
wire [0:'SSD_BIT_WIDTH-1] disp0,displ,disp2,disp3; // ssd control

wire clk_d; // divided clock

wire count_enable; // if count is enabled

wire freeze_enable; // if ssd is enabled

wire [ BCD_BIT_WIDTH-1:0] dig0,digl; // second counter output

reg [BCD_BIT_WIDTH-1:0] dig0_latch,digl_latch; // second counter latch
reg [BCD_BIT_WIDTH-1:0] dig0_out,digl_out; // output to ssd
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stopwatch_disp.v

* *kkkk *kkkk * *%

[[FrFFRIR SRR
/I Functional block
[[FrFRAN

*%* * *kkkk *kkkk * **

[lfrequency divider 1/(2725)

freq_div U_FD( .clk_out(clk_d), // divided clock
.ssd_ctl_en(ssd_ctl_en), // divided clock for scan control
.clk(clk), // clock from the crystal

.rst(rst) // high active reset

);

FSM U_fsm( .count_enable(count_enable), //if counter is enabled
freeze_enable(freeze_enable), //if ssd is freezed

.in(in), //input control

.clk(clk_d), // global clock signal

.rst(rst) // high active reset

);
/l stopwatch module

stopwatch U_sw( .digitl(digl), // 2nd digit of the down counter
.digit0(dig0), // 1st digit of the down counter

.clk(clk_d), // global clock

.rst(rst), // high active reset

.mode(mode), // mode selection of 15-min, 30-sec, 1-min, 5-min
.en(count_enable) // enable/disable for the stopwatch

);

/[ Display latch

always @(posedge clk_d or posedge rst)
if (rst) begin

dig0_out <=4'd0;

digl out <=4'd0;

end

else begin

dig0_out <=dig0_latch;

digl out <=digl_latch;

end

/I Whether the display is freezed
always @(freeze_enable or dig0 or digl or dig0_latch
or digl_latch or dig0_out or digl_out)
if (freeze_enable) begin

dig0_latch =dig0_out;

digl latch =digl out;

end else

begin

dig0_latch =dig0;

digl_latch =dig1;

end
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stopwatch_disp.v

//xxx *kkkk *hkkkkhkkhkhhkhhkhkhhrhhkhhrhrrhirikx

/I Display block

//xxx *kkkkkkk *hkkkkhkkhkhhkhhkhkkhrkhhkhrrhrrhrrix

/[ BCD to seven segment display decoding // SSD display scan control
ssd_ctl U_CTL(
/I seven-segment display decoder for DISP3 .display_c(ssd_ctl), // ssd display control signal
ssd U_SSD3( .display(display), // output to ssd display
.display(disp3), // SSD display output .ssd_ctl_en(ssd_ctl_en), // divided clock for scan control
.bcd('BCD_DEF) // BCD input .displayO(disp0), // 1st input
); displayl(displ), // 2st input
display2(disp?2), // 3st input
/Il seven-segment display decoder for DISP2 .display3(disp3) // 4st input
ssd U_SSD2( );
display(disp?2), // SSD display output
.bcd("BCD_DEF) // BCD input endmodule
);
I/l seven-segment display decoder for DISP1
ssd U_SSD1(

.display(disp1l), // SSD display output
.bcd(digl_out) // BCD input
);

I/l seven-segment display decoder for DISPO
ssd U_SSDO(

.display(disp0), // SSD display output
.bcd(dig0_out) // BCD input

);
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