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Exs T B8 Lab06 &5

1 Implement the keypad press catch function with the FPGA demo

board.

Design Specification
output : [3:0] row_n, pressed, ftsd_ctl, [14:0]display

input : clk, rst_n, [3:0] col_n

wire : clk_debounce, [1:0] ftsd_ctl_en, [3:0] key, [3:0] ftsd_in, [3:0] ftsd_ctl,

[3:0]in0, [3:0]in1, [3:0]in2, [3:0]in3

block diagram:
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Design Implementation
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logic function / logic diagram:

keypad_scan



{row_n,col_n}, the mapping;:

/| 1st row

0111_0111 =>F
0111_1011 => E
0111_1101 => D
0111_1110 => C

// 2nd row

1011_0111 =>B
1011_1011=>3
1011_1101 => 6
1011_1110 =>9

// 3rd row

1101_0111 => A
1101_1011 => 2
1101_1101 =>5
1101_1110 => 8

/| 4th row

1110_0111=>0
1110_1011 =>1
1110_1101 =>4
1110_1110 =>7

Row scan (row_n: 0111->1011->1101->1110, loop every 4 clocks)
freq_div:

2y

——p
b it ] }Cm._‘ h,clk. out ,(lk. ct]-Cnt- /f7
‘cot-Tw
\@k”‘_r“"}’_l :
\

4

‘s

scan_ctl
if ftsd_ctl_en=00
SRR —(E 14 BRURES
if ftsd_ctl_en=01
STEFIE T (E 14 BRRURES
if ftsd_ctl_en=10
SPEFIE =(E 14 BRURES
if ftsd_ctl_en=11
SPEGIEEVU(E 14 BRURES

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
= bed=4"d4: display = 15'b1001_1000_1111_111; //4
= bed=4"d5: display = 15'b0100_1000_1111_111; //5
= bed=4"d6: display = 15'b0100_0000_1111_111; //6
= bed=4"d7: display = 15'b0001_1111_1111_111; //7
= bed=4"d8: display = 15'b0000_0000_1111_111; //8
= bed=4"d9: display = 15'b0000_1000_1111_111; //9
= bed=4'd10: display = 15'b0001_0000_1111_111; /A
= bed=4"d11: display = 15’b1100_0000_1111_111; //B
= bed=4"d12: display = 15'b0110_0011_1111_111; //C
= bed=4"d13: display = 15'b1000_0100_1111_111; //D
= bed=4"d14: display = 15'b0110_0000_1111_111; //E
= bed=4'd15: display = 15'b0111_0000_1111_111; //F
default: display = 15'b1111_1111_1111_111; //DEF

I/O pin assignment:

NET "clk" LOC = R10;

NET "rst_n" LOC=T1;

NET "ftsd_ctl[0]" LOC = V8;
NET "ftsd_ctl[1]" LOC = U8;
NET "ftsd_ctl[2]" LOC = V6;
NET "ftsd_ctl[3]" LOC = T6;
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 "col_n[3]" LOC = H1;
NET "col_n[2]" LOC = H2;
NET "col_n[1]" LOC =J1;

NET "col_n[0]" LOC =J3;

NET "row_n[3]" LOC = L3;
NET "row_n[2]" LOC = L4;
NET "row_n[1]" LOC =K1,
NET "row_n[0]" LOC = K2;
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Z Implement a single digit decimal adder using the keypad as the

input, push button as the plus function, and display the results on the
14-segment display (The first two digit are the addend/augend, and the
last two digits are the sum).

Design Specification
output : [3:0] row_n, [14:0] display, [3:0] ftsd_ctl, pressed
input : clk, rst_n, [3:0] col_n, add_signal
wire : clk_debounce, [3:0] keyO, [3:0]key1, [3:0] s, Cout, [1:0] ftsd_ctl_en,
[3:0] ftsd_in, add_debounce, add, add_enable

block diagram:
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Design Implementation
logic function / logic diagram:

keypad_scan
{row_n,col_n}, the mapping;:

/| 1st row

0111_0111 =>F
0111_1011 => E
0111_1101 =>D
0111_1110 => C

// 2nd row

1011_0111 =>B
1011_1011=>3
1011_1101 => 6
1011_1110 =>9

/| 3rd row

1101_0111 => A
1101_1011 => 2
1101_1101 =>5
1101_1110 => 8

/ /| 4th row

1110_0111 =>0
1110_1011 =>1
1110_1101 =>4
1110_1110 =>7

freq_div:
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When all 4 bits of the registers are high the output of the debounce circuit
changes to high
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SPEGIEEVU(E 14 BRURES
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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
= bed=4"d4: display = 15'b1001_1000_1111_111; //4
= bed=4"d5: display = 15'b0100_1000_1111_111; //5
&= bed=4"d6: display = 15'b0100_0000_1111_111; //6
= bed=4"d7: display = 15'b0001_1111_1111_111; //7
= 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

fsm

I/O pin assignment:

NET "col_n[3]" LOC = H1;
NET "col_n[2]" LOC = H2;
NET "col_n[1]" LOC =J1;
NET "col_n[0]" LOC =J3;
NET "row_n[3]" LOC = L3;
NET "row_n[2]" LOC = L4;
NET "row_n[1]" LOC =K1,
NET "row_n[0]" LOC = K2;
NET "display[0]" LOC = U5;
NET "display[1]" LOC=T7;
NET "display[2]" LOC = R7;
NET "display[3]" LOC = V7;

N



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[3]" LOC = T6;
NET "ftsd_ctl[2]" LOC = V6;
NET "ftsd_ctl[1]" LOC = U8;
NET "ftsd_ctl[0]" LOC = V8;
NET "add_signal" LOC =U1;
NET "clk" LOC = R10;

NET "rst_n" LOC=T1;

Discussion:
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3 Implement a two-digit decimal adder/subtractor.

Design Specification

output : [3:0] row_n, [18:0] display

input : clk, rst_n, [3:0] col_n

wire : [1:0] clk_ctl, clk_d, [3:0] key, pressed, [1:0] cal_state, [14:0] sign,
[1:0] state_num_input, [7:0] num1, [7:0]num?2, [7:0] equal, [11:0] result,
[29:0] num1_FTSD, [29:0lnum2_FTSD, [44:0] result_FTSD, [14:0] sign_FTSD,
state_display, [14:0] display1, [14:0]display2, [14:0]display3, [14:0]display4,
pb_rst, op_rst
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Design Implementation
logic function / logic diagram:
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debounce_circuit
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When all 4 bits of the registers are high the output of the debounce circuit
changes to high

one_pulse
in_trig_delay
- ~in_trig_delay
g one_pulse_next
¥ one_pulse
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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

scan_ctl
if ftsd_ctl_en=00



SPEHE—(E 14 BB ES
if ftsd_ctl_en=01
SPEFIEE T (E 14 BRRURES
if ftsd_ctl_en=10
SPEHIEE = 14 B Es
if ftsd_ctl_en=11
SPEHIEEVUE 14 B RES

ftsd

&= num=4'd0: display = 15°b0000_0011_1111_111; //0
&= num=4'd1: display = 15'b1111_1111_1011_011; //1
&= num=4'd2: display = 15'b0010_0100_1111_111; //2
= num=4'd3: display = 15'b0000_1100_1111_111; //3
&= num=4'd4: display = 15'b1001_1000_1111_111; //4
&= num=4'd5: display = 15'b0100_1000_1111_111; //5
&= num=4'd6: display = 15'b0100_0000_1111_111; //6
&= num=4'd7: display = 15'b0001_1111_1111_111; //7
= num=4'd8: display = 15°b0000_0000_1111_111; //8
&= num=4'd9: display = 15°b0000_1000_1111_111; //9
default: display = 15'b1111_1111_1111_111; //DEF

num_calculator
= cal_state == "ADD
->equal = bin1+bin2;
->sign =15'b1111 1111 1111 111;(nothing)
= cal_state == 'SUB && bin1 < bin2
-> equal = ~(bin1-bin2-1'b1);
->sign = 15'b1111 1100 1111 111;(Z%%)
= cal_state == 'SUB && bin1 >bin2
->equal = bin1-bin2;
->sign =15'b1111 1111 1111 111;(nothing)
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Ftsd_ctl
If state=0 {display1,display2,display3,display4} = {num1_FTSD,num2_FTSD};(#5
AT T

state=1{display1,display2,display3,display4} = {sign_FTSD,result_FTSD};(#- 57
EEES
keypad_scan

{row_n,col_n}, the mapping;:

/| 1st row

0111_0111 =>F
0111_1011 =>E
0111_1101 =>D
0111_1110 =>C

// 2nd row

1011_0111 =>B
1011_1011 => 3
1011_1101 => 6

1011_1110 =>9

/| 3rd row

1101_0111 => A
1101_1011 => 2
1101_1101 => 5
1101_1110 => 8

/| 4th row

1110_0111=>0
1110_1011 =>1
1110_1101 =>4
1110_1110 =>7

Row scan (row_n: 0111->1011->1101->1110, loop every 4 clocks)

I/O pin assignment:
NET "clk" LOC = R10;
NET "rst_n" LOC = N3;

NET "display[18]" LOC = T6;
NET "display[17]" LOC = V6;
NET "display[16]" LOC = US;
NET "display[15]" LOC = V8;
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 "col_n[3]" LOC = H1;
NET "col_n[2]" LOC = H2;
NET "col_n[1]" LOC =J1;

NET "col_n[0]" LOC =J3;

NET "row_n[3]" LOC = L3;
NET "row_n[2]" LOC = L4;
NET "row_n[1]" LOC =K1,
NET "row_n[0]" LOC = K2;

Discussion:
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