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1 Implement a stopwatch function with the FPGA board.

1.1 Use the four 14SD as the display. The left two digits represent the
minute and the right two digits represent the second.

1.2 Use two push buttons to control the function. Use one button to
control start/stop and the other to control the lap and reset. When the
stopwatch counts, press the ‘lap’ button will freeze the 14SD display
but the stopwatch continues counting, and when press the ‘lap’ button
again, the 14SD display will start to show current time.

Design Specification
output : [3:0] ftsd_ctl, [14:0] display
input : clk, lap_or_rst, stop_or_start
wire : [1:0]ftsd_ctl_en, r_t, clk_25, clk_18, lap_rst_debounced,
stop_or_start_debounced, lap_rst_dealed, stop_or_start_dealed, [3:0] minutel,
[3:0]minute0, [3:0]second1l, [3:0]secondO, [3:0] ftsd_in, [3:0]dis3, [3:0]dis2,
[3:0]dis1, [3:0]disO, count_enable
resetl 0 O0?20000007?
block diagram:
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Design Implementation
logic function / logic diagram:
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1. When all 4 bits of the registers are high the output of the debounce
circuit changes to high
2. [EEA = debounce_circuit 47 Hl|#E#] reset,lap,stop/start
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1. When one presses the push button for a short moment, the time that

the switch is closed (ms range) is usually much longer than one clock
period (us or ns range). The one-pulse circuit generates only a one-
clockperiod-long pulse every time the push button is hit, independent
of the time one keeps the button pressed

2. HEEAWI{E one_pulse 47 H$#2H lap/reset,stop/start
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if ftsd_ctl_en=01
SRS I 14 FRRIRER
if ftsd_ctl_en=10
SRS = ([ 14 FERIRER
if ftsd_ctl_en=11
SPERISEIU(E 14 FERIRER

ftsd

= in=4"d0:
= in=4"d1:
= in=4"d2:
= in=4"d3:
= in=4"d4:
= in=4"d5:
= in=4"d6:
= in=4"d7:
= in=4"d8:

= in=4"d9:

display = 15'b0000_0011_1111_111; //0
display =15'b1111_1111_1011_011; //1
display = 15'b0010_0100_1111_111; //2
display = 15'b0000_1100_1111_111; //3
display =15'b1001_1000_1111_111; //4
display = 15'b0100_1000_1111_111; //5
display = 15'b0100_0000_1111_111; //6
display =15'b0001_1111_1111_111; //7
display = 15'b0000_0000_1111_111; //8
display = 15°b0000_1000_1111_111; //9

default: display =15'b1111_1111_1111_111; //DEF

I/O pin assignment:
NET "display[0]" LOC = U5;
NET "display[1]" LOC=T7;
NET "display[2]" LOC = R7;
NET "display[3]" LOC = V7;
NET "display[4]" LOC = V4;
NET "display[5]" LOC = T4;
NET "display[6]" LOC =T3;
NET "display[7]" LOC = R5;
NET "display[8]" LOC = N5;
NET "display[9]" LOC = R3;
NET "display[10]" LOC = U7;
NET "display[11]" LOC = T5;
NET "display[12]" LOC = V5;
NET "display[13]" LOC = N4;
NET "display[14]" LOC = P6;
NET "ftsd_ctl[0]" LOC = V8;
NET "ftsd_ctI[1]" LOC = US;



NET "ftsd_ctl[2]" LOC = V6;
NET "ftsd_ctI[3]" LOC =T6;
NET "lap_or_rst" LOC = T2;
NET "stop_or_start" LOC = U1;
NET "clk" LOC = R10;

Discussion:
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Z Implement a timer (can support as long as 23:59) with the following

functions.

2.1 Use one DIP switch as the ‘setting’ control. When the ‘setting’ is
ON, you can usetwo buttons to set the hour and minute.

2.2 Use other two buttons to control the timer operation. One button
for start/stop and the other button for pause/resume.

2.3 When the time goes to 0, light up all the LEDs.

Design Specification

output : [3:0] ftsd_ctl, [14:0] display, [15:0] LEDs

input : clk, rst_n, set_DIP, set_plus, set_shift, start_or_stop, pause_or_resume

wire : [1:0]ftsd_ctl_en, r_t, clk_25, clk_18, set_plus_debounce,
set_shift_debounce, set_plus_dealed, set_shift_dealed,
start_or_stop_debounce, pause_or_resume_debounce,
start_or_stop_dealed, pause_or_resume_dealed, [3:0]
minutel, [3:0]minute0, [3:0] hourl, [3:0] hour0, [3:0] ftsd_in, [3:0],
set_minutel, [3:0] set_minuteO, [3:0] set_hourl, [3:0] set_hour0,
count_enable

block diagram:
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Design Implementation
logic function / logic diagram:
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1. When all 4 bits of the registers are high the output of the debounce

circuit changes to high

2. [EEAVU(E debounce_circuit 47 A2
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1. When one presses the push button for a short moment, the time

that the switch is closed (ms range) is usually much longer than one

clock period (us or ns range). The one-pulse circuit generates only a

one-clockperiod-long pulse every time the push button is hit,

independent of the time one keeps the button pressed

2. IEEEVU(E one_pulse 43 HII#2EH]

stop/start,pause/resume,plus,shift



fsm

IEE A W fsm 73 5%/ counting, setting

scan_ctl

if ftsd_ctl_en=00
SPEH S —(E 14 EREURES
if ftsd_ctl_en=01
SRS I 14 FRRIRER
if ftsd_ctl_en=10
SRS = ([ 14 FERIRER
if ftsd_ctl_en=11
SPERISEIU(E 14 FERIRER

ftsd

= in=4"d0:
= in=4"d1:
= in=4"d2:
= in=4"d3:
= in=4"d4:
= in=4"d5:
= in=4"d6:
= in=4"d7:
= in=4"d8:

= in=4"d9:

display = 15'b0000_0011_1111_111; //0
display =15'b1111_1111_1011_011; //1
display = 15'b0010_0100_1111_111; //2
display = 15'b0000_1100_1111_111; //3
display =15'b1001_1000_1111_111; //4
display = 15'b0100_1000_1111_111; //5
display = 15°b0100_0000_1111_111; //6
display =15'b0001_1111_1111_111; //7
display = 15°'b0000_0000_1111_111; //8
display = 15'b0000_1000_1111_111; //9

default: display = 15'b1111_1111_1111_111; //DEF

I/O pin assignment:
NET "display[0]" LOC = U5;
NET "display[1]" LOC=T7;
NET "display[2]" LOC = R7;
NET "display[3]" LOC = V7;

0/1



NET "display[4]" LOC = V4;
NET "display[5]" LOC = T4;
NET "display[6]" LOC =T3;
NET "display[7]" LOC = R5;
NET "display[8]" LOC = N5;
NET "display[9]" LOC = R3;
NET "display[10]" LOC = U7;
NET "display[11]" LOC = T5;
NET "display[12]" LOC = V5;
NET "display[13]" LOC = N4;
NET "display[14]" LOC = P6;
NET "ftsd_ctl[0]" LOC = V8;
NET "ftsd_ctI[1]" LOC = US;
NET "ftsd_ctI[3]" LOC =T6;
NET "ftsd_ctl[2]" LOC = V6;
NET "clk" LOC = R10;

NET "rst_n" LOC = T2;

NET "set_plus" LOC = M5;
NET "set_shift" LOC = L6;
NET "set_DIP" LOC=T1;

NET "pause_or_resume" LOC = U2;
NET "start_or_stop" LOC = U1;

NET "LEDs[15]" LOC = H5;
NET "LEDs[14]" LOC = H6;
NET "LEDs[13]" LOC = F1;
NET "LEDs[12]" LOC = F2;
NET "LEDs[11]" LOC = J6;
NET "LEDs[10]" LOC = J7;
NET "LEDs[9]" LOC = G1;
NET "LEDs[8]" LOC = G3;
NET "LEDs[7]" LOC = K6;
NET "LEDs[6]" LOC = L7;
NET "LEDs[5]" LOC = H3;
NET "LEDs[4]" LOC = H4;
NET "LEDs[3]" LOC = K5;
NET "LEDs[2]" LOC = L5;
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NET "LEDs[1]" LOC = K3;
NET "LEDs[0]" LOC = K4;

Discussion:
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block diagram of the design or Logic Diagram (5/5)
I/0O pin assignment (2/2)

Discussion +Conclusion (5/5)

Function explanation (5/5)

Bonus (0/2)
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