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® < iT38(- ): Dflip flop
1. Verilog Code

clock_div.v

module clock_div(clk_48MHZ, clk_1HZ); //reduce clock
frequency

input clk_48MHZ;

output reg clk_1HZ;

reg[31:0] counter_1HZ;

always@(posedge clk_48MHZ) begin
if(counter_1HZ == )
counter_1HZ <= 5 //return to ©
else
counter_1HZ <= counter_1HZ + 5 //plus 1
repeatedly

if(counter_1HZ < )
clk_1HZ <= H
else
clk_1HZ <= 5
end

endmodule

d_ff.v

module d_ff(clock,reset,din_d,dout_q,dout_nq);
input clock;
input reset;
input din_d; //D
output dout_q; //Q_n
output dout_nq; //Q _n+1
reg data;

always@(posedge clock or posedge reset) begin
if(reset) //reset
data <= K
else begin
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if(din_d) //p==1

data <= 5 //Q_n+1=1
else //D==0
data <= 5 //Q_n+1=0
end
end

assign dout_q = data;
assign dout_nq = ~data;
endmodule

// D flip-flip truth table

/] +----4---F-----=- +
// |1 & | D | Qn+1 |
// +====+===+=======+
//1e | x| Qn |
/] +----4---F-----=- +
/111 el e |
/] +----+---F------- +
/711 1] 1 |
/] +----4---4------- +
//(trasform of SR flip flip and D stands for Data)

SevenSeg.v

module SevenSeg(din,dout);
input [3:0] din;
output reg[6:0] dout;

always@(din) begin

case(din)
sdout = H
sdout = H
sdout = H
sdout = H
sdout = H
sdout = H
sdout = H
sdout = H
sdout = H
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:dout = K
:dout = K
:dout = K
:dout = K
:dout = K
:dout = K
:dout = K
default:dout = K
endcase
end
endmodule
labo_1.v

module 1lab9_1(clock,reset,din,dout_digit);
input clock,reset,din;
output[6:0] dout_digit;
wire[3:0] value;
wire clk_1HZ;
//reduce clock frequency
clock_div clock_div(
.clk_48MHZ (clock),
.clk_1HZ  (clk_1HZ)
)
//D-flip flip
d_ff d_ff(
.clock (clk_1HZ),
.reset (reset),
.din_d (din),
.dout_q (value[©]),
.dout_nq ()

)s

//decode into Sevenseg Signal
assign value[3:1] = 5
SevenSeg SevenSeg(
.din (value[3:9]),
.dout (dout_digit)
)

endmodule
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2. FPGA result
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® § i¥4g(= ): Johnson Counter

1. Verilog Code

“include “"clock_div.v" "d_ff.v"

johnson_counter.v

module johnson_counter(clock,reset,dout_q,dout_j);
input clock,reset;
output[3:9]dout_qg;
output[7:0]dout_j;

wire qo,q1,q2,q3;
wire nq3;

d_ff d_ffbo(
.clock (clock),
.reset (reset),
.din_d (nqg3),
.dout_q (g0),
.dout_nq ()
)
d_ff d_ffbi(
.clock (clock),
.reset (reset),
.din_d (qge0),
.dout_q (q1),
.dout_nq ()
)
d_ff d_ffb2(
.clock (clock),
.reset (reset),
.din.d (q1),
.dout_q (q2),
.dout_nq ()
)
d ff d_ffb3(
.clock (clock),
.reset (reset),
.din_d (q2),
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.dout_q (qg3),
.dout_nq (ng3)
)

assign dout_q = {q3,92,q1,q0};
= (~q3) & (~q0);
= (~q1) & (90);
= (~q2) & (q1);
= (~q3) & (q2);
= (q3) & (q0);
= (q1) & (~q0);
= (92) & (~ql);
= (g3) & (~q2);

assign dout_j[
assign dout_j[
assign dout_j[
assign dout_j[
assign dout_j[
assign dout_j[
assign dout_j[

et d d e bd e ed

assign dout_j[

endmodule
labo_2.v

module 1lab9 2(clock,reset,led_a,led_b);

input clock,reset;

output [3:0] led_a;

output [7:0] led_b;

wire clock_1HZ;

wire [3:9]q;

wire [7:0]17;

wire reset;

clock_div clock_div(
.clk_48MHZ (clock),
.clk_1HZ (clock_1HZ)

)s

johnson_counter jc(
.clock (clock_1HZ),
.reset (reset),

.dout_q (q),
.dout_j (3)

)s

assign led_a

q;
js

assign led_b
endmodule
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2. FPGA result
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® 3 {4E(=): Tflip flop
1. Verilog Code

“include "clock_div.v" "SevenSeg.v"

t_ff.v

module t_ff(clock,reset,din_t,dout_qg,dout_nq);
input clock;
input reset;
input din_t;
output dout_q;
output dout_ngq;
reg data;

always@(posedge clock or posedge reset) begin
if(reset)
data <= K
else begin
if(din_t)
data <= ~data;
else
data <= data;
end
end
assign dout_q = data;
assign dout_nq = ~data;
endmodule

// T flip-flip truth table

/] +----+---+------- +
// | CK | T | Qn+1 |
// +====+===4=======+
//1e | x| Qn |
[/ +----4---F------- +
// 11 |e]| Qn |
[/ +----4---F------- +
// 11 | 1] Qn'|
[/ +----4---F------- +

//(trasform of JK flip flip and T stands for Toggle)

-9-
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labo_3.v
module lab9 3(clock,reset,din,dout_digit);
input clock,reset,din;

output [6:0] dout_digit;
wire [3:0] value;
wire clock_1HZ;

clock_div clk_div(
.clk_48MHZ (clock),
.clk_1HZ (clock_1HZ)

)

t_ff t_ff(
.clock (clock_1HZ),
.reset (reset),
.din_t (din),
.dout_q (value[©]),
.dout_nq ()
)

assign value[3:1] = 5

SevenSeg SevenSeg(
.din (value[3:9]),
.dout (dout_digit)
);

endmodule
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2. FPGA result
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® - iT4%(= ): 4-bit Asynchronous Up Counter
1. Verilog Code

“include "clock_div.v" "SevenSeg.v" "t_ff"

asyn_counter.v

module asyn_counter(clock,reset,dout_q);
input clock,reset;
output [3:0]dout_q;
wire q0,q91,92,q3;
wire nqgo,nql,nq2;

t_ff diff_be(

.clock (clock),
.reset (reset),
.din_t ( )

.dout_q (go),
.dout_nq (ngo)

);

t_ff diff_bi(
.clock (ngoe),
.reset (reset),
.din_t ( )

.dout_q (q1),
.dout_nq (nql)

)

t_ff diff_b2(
.clock (nql),
.reset (reset),
.din_t ( )

.dout_q (q2),
.dout_nq (ng2)

)

t_ff diff_b3(
.clock (nq2),
.reset (reset),
.din_t ( )

.dout_q (g3),
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.dout_nq () //unused
);
assign dout_q = {q3,92,q1,q0};
endmodule

labo_4.v

module 1lab9_4(clock,reset,dout_digit);
input clock,reset;
output[6:0] dout_digit;
wire[3:0] value;
wire clock_1HZ;

clock_div clock_div(
.clk_48MHZ (clock),
.clk_1HzZ (clock_1HZ)

);

asyn_counter ac(
.clock (clock_1HZ),
.reset (reset),

.dout_q (value)
);
//assign vlaue[3:1] = 3'b000;
SevenSeg SevenSeg(
.din (value),
.dout (dout_digit)
)

endmodule
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2. FPGA result
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