
  

Flip-flop
4 modula:

● sr_ff
● d_ff
● jk_ff
● t_ff

4 testbench fajla:
● sr_ff_tb
● d_ff_tb
● jk_ff_tb
● t_ff_tb



  

Flip-flop
● Kreiramo projekat: flip_flopovi_vlsi
● Dodamo prvi modul: sr_ff.v



  

sr_ff
module sr_ff (
    input wire clk,
    input wire rst,
    input wire S,
    input wire R,
    output reg Q,
    output reg Qn
);

always @(posedge clk or posedge rst) begin
    if (rst) begin
        Q  <= 0;
        Qn <= 1;
    end else begin
        case ({S, R})
            2'b00: begin
                Q  <= Q;      // zadrzava stanje
                Qn <= Qn;
            end
            2'b01: begin
                Q  <= 0;      // reset
                Qn <= 1;
            end
            2'b10: begin
                Q  <= 1;      // set
                Qn <= 0;
            end
            2'b11: begin
                Q  <= 0;      // nedozvoljeno stanje (ovde definisemo)
                Qn <= 0;
            end
        endcase
    end
end

endmodule

stanje 11 je nedefinisano u teoriji

→ u HDL-u mora ga se definise: (ovde: 0,0)



  

sr_ff_tb
module sr_ff_tb;

reg clk;
reg rst;
reg S;
reg R;
wire Q;
wire Qn;

sr_ff uut (
    .clk(clk),
    .rst(rst),
    .S(S),
    .R(R),
    .Q(Q),
    .Qn(Qn)
);

always #5 clk = ~clk;

initial begin
    clk = 0;
    rst = 1;
    S = 0;
    R = 0;

    #10;
    rst = 0;

    // 00 - zadrzava stanje
    #10;
    S = 0; R = 0;

    // 10 - set
    #10;
    S = 1; R = 0;

    // 00 - zadrzava stanje
    #10;
    S = 0; R = 0;

    // 01 - reset
    #10;
    S = 0; R = 1;

    // 00 - zadrzava stanje
    #10;
    S = 0; R = 0;

    // 11 - nedozvoljeno stanje
    #10;
    S = 1; R = 1;

    // povratak
    #10;
    S = 0; R = 0;

    #20;
    $finish;
end

endmodule

lip-flop ne reaguje odmah kada se promeni S i R, nego tek 
na:

pozitivnu ivicu clock-a.

To je glavna razlika u odnosu na latch.



  



  

D flip-flop
● Kreiramo modul: d_ff.v

module d_ff (
    input wire clk,
    input wire rst,
    input wire D,
    output reg Q,
    output reg Qn
);

always @(posedge clk or posedge rst) begin
    if (rst) begin
        Q  <= 0;
        Qn <= 1;
    end else begin
        Q  <= D;
        Qn <= ~D;
    end
end

endmodule

šta god je na D 

biće zapamćeno na sledećoj ivici clock-a



  

TB za D-FF
● Kreiramo simulacioni modul: d_ff_tb.v



  

module d_ff_tb;

reg clk;
reg rst;
reg D;
wire Q;
wire Qn;

d_ff uut (
    .clk(clk),
    .rst(rst),
    .D(D),
    .Q(Q),
    .Qn(Qn)
);

always #5 clk = ~clk;

initial begin
    clk = 0;
    rst = 1;
    D = 0;

    #10;
    rst = 0;

    // D = 0
    #10;
    D = 0;

    // D = 1
    #10;
    D = 1;

    // promena izmedju clock ivica
    #3;
    D = 0;

    #7;
    D = 1;

    // jos promena
    #10;
    D = 0;

    #10;
    D = 1;

    #20;
    $finish;
end

endmodule



  
Set As Top



  



  

JK flip-flop
● Kreiramo modul:jk_ff.v

module jk_ff (
    input wire clk,
    input wire rst,
    input wire J,
    input wire K,
    output reg Q,
    output reg Qn
);

always @(posedge clk or posedge rst) begin
    if (rst) begin
        Q  <= 0;
        Qn <= 1;
    end else begin
        case ({J, K})
            2'b00: begin
                Q  <= Q;      // hold
                Qn <= Qn;
            end
            2'b01: begin
                Q  <= 0;      // reset
                Qn <= 1;
            end
            2'b10: begin
                Q  <= 1;      // set
                Qn <= 0;
            end
            2'b11: begin
                Q  <= ~Q;     // TOGGLE
                Qn <= ~Qn;
            end
        endcase
    end
end

endmodule



  

Testbench za JK flip-flop
● Kreiramo modul tb,Add or Create Simulation 

Sources:jk_ff_tb.v



  

module jk_ff_tb;

reg clk;
reg rst;
reg J;
reg K;
wire Q;
wire Qn;

jk_ff uut (
    .clk(clk),
    .rst(rst),
    .J(J),
    .K(K),
    .Q(Q),
    .Qn(Qn)
);

always #5 clk = ~clk;

initial begin
    clk = 0;
    rst = 1;
    J = 0;
    K = 0;

    #10;
    rst = 0;

    // 00 - hold
    #10;
    J = 0; K = 0;

    // 10 - set
    #10;
    J = 1; K = 0;

    // 00 - hold
    #10;
    J = 0; K = 0;

    // 01 - reset
    #10;
    J = 0; K = 1;

    // 00 - hold
    #10;
    J = 0; K = 0;

    // 11 - toggle
    #10;
    J = 1; K = 1;

    // ostavi toggle jos malo da se vidi vise promena
    #20;
    J = 1; K = 1;

    // povratak na hold
    #10;
    J = 0; K = 0;

    #20;
    $finish;
end

endmodule



  Set As Top



  



  

T je specijalan slučaj JK
● J = T
● K = T
● Kreiramo t_ff.v



  

module t_ff (
    input wire clk,
    input wire rst,
    input wire T,
    output reg Q,
    output reg Qn
);

always @(posedge clk or posedge rst) begin
    if (rst) begin
        Q  <= 0;
        Qn <= 1;
    end else begin
        if (T == 0) begin
            Q  <= Q;      // hold
            Qn <= Qn;
        end else begin
            Q  <= ~Q;     // toggle
            Qn <= ~Qn;
        end
    end
end

endmodule



  

Testbench za T flip-flop
● Add or Create Simulation Sources: t_ff_tb.v



  

module t_ff_tb;

reg clk;
reg rst;
reg T;
wire Q;
wire Qn;

t_ff uut (
    .clk(clk),
    .rst(rst),
    .T(T),
    .Q(Q),
    .Qn(Qn)
);

always #5 clk = ~clk;

initial begin
    clk = 0;
    rst = 1;
    T = 0;

    #10;
    rst = 0;

    // T = 0 → hold
    #10;
    T = 0;

    // T = 1 → toggle
    #10;
    T = 1;

    // ostavi toggle duze (da se vidi lepo)
    #40;
    T = 1;

    // vrati na hold
    #10;
    T = 0;

    // opet toggle
    #10;
    T = 1;

    #40;

    $finish;
end

endmodule



  
Set As Top
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