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1. 4-bit 1-to-4 de-multiplexer (DMUX)
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1. Verilog #2375
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“timescale Ins/Ips

module Dmux_lx4 4bit(in, a, b, ¢, d, sel);

input [3:0] in;

input [1:0] sel;

output [3:0] a, b, c, d;

wire [1:0] inv_scl:

not inv[1:0]Cinv_sel, sel).

# only when the input sel 1s 2B, output a will be the same sienal as input in while other outputs are ()
and a res[3:0](a, inv sel[l], inv sel[0], in);

4 only when the iput sel 1s 2b01, output b will be the same signal as mput n while other outputs are ()
and b_res[3:0](b, inv_sel[l], sel[0], in);

A only when the iput sel is 2bI10, output ¢ will be the same signal as input n while other outputs are ()
and ¢_res[3:0](c, sel[l], inv_sel[0], in);

# only when the input sel is 2bI1 , output d will be the same signal as input in while other outputs are 0
and d_res[3:0](d. sel[l], sel[0]. in):

endmodule

e testbench

module Dmux_Ix4 4bit_t;
reg [3:0] in = 4"b0000;
reg [1:0] sel = 2'b00;
wire [3:0] a, b, ¢, d:
Dmux_1x4 4bit dm(in, a, b, c, d, sel);
initial begin
A since in is 4bits there are 27 probabilities
repeat (2 ** 4) begin
Asince sel 1s Zbits there are 4 probabilities
repeat (4)
M set every Ins sel accumulates 1 When we are back to this loop again, sel will overflow and it is just () again
#1 sel = sel + 2'b01;
in = in + 4'b000T;
end
$finish;
end
endmodule
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2. 4-bit simple crossbar switch with MUX/DMUX
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n[ im[1] n[2 in[3]

]

YYIIYUUY

=
—

|

Do

=
| ]

Dot

=
il

e 2-to-1 MUX:

sel

*

nv

; inv_sel

inl[3:0]

:£;>______ummxn

in2[3:0] _ b



Detail:

Y
inl [0 37
il 1] ] ) } (0]
—\
inl[2] |
:::}_tuqu
il 3] }
in2[0 3 } out[2]
)
in2[1] |/
} out( 3]
—\
22 .

[I.Verilog #%3%#5

e Labl Team30 Crossbar 2x2 4bit.v



“timescale Ins/lps

module Crosshar_2x2 4bit(inl, in2, control, outl, out2);
input [3:0] inl, in2;

input control:

output [3:0] outl, out2;

wire inv_control;

not inv{inv_control, control);

wire [3:0] wdl ml, wdl m2, wd2 ml, wd2 m2;

A reuses the module written below

DMux_1x2 4bit DMux!(inl, wdl ml, wdl m2, inv_control);
DMux_1x2 4bit DMux2(in2, wd2 ml, wd2 m2, control);
Mux 2x1 4bit Mux!(wdl ml, wd2 ml, outl, inv control);
Mux 2x1 4bit Mux2(wdl m2, wd2 m2, out2, control);
endmodule

module Mux 2x1 4bit(in_ 1, in 2, out, sel);
input [3:0] in_ 1, in 2;

input sel;

output [3:0] out;

wire inv_sel;

wire [3:0] a_f, b f;

not inv(inv_sel, sel):

A only when sel 1s O output out will be the same as input in_{

and a ftilter[3:0](a_f, in_l, inv_sel):

A only when sel 1s [ outpur out will be the same as input in 2

and b_tilter[3:0](b_f, in 2, sel);

W since sei is erther O or [, the signal of output out depends on mput sel which chooses the mput in_{ or in 2
or ans[3:0]¢out, a t, b t);

endmodule

module DMux_1x2 dbit(in, outl, out2, sel);

input [3:0] in:

input sel;

output [3:0] outl, out2;

wire inv_sel;

not inv(inv_sel, sel);

A only when the mput sel is O output out! will be the same signal as input in while the other output is ()
and outl res[3:0](outl, in, inv sel);

A only when the input sel is 1, output out2 will be the same signal as input in while the other output is 1)
and out2_res[3:0](out2, in, sel);

endmodule



e testbench

module Crossbar 2x2 4bit_t;

reg [3:0] inl = 4"h ;
reg [3:0] in2 = 4"b0000;
reg control = ['bl);

wire [3:0] outl, out2;

Crossbar_2x2_4bit crsbar(inl, in2, control, outl, out2);

initial begin

cat (2 ¥ 4) begin

repeat (2 ** 4) begin

#1 control = control + 1'bl:
in2 = in2 + 4'b0001;
end
inl = inl + 4'b000L;
end
$finish;
end

endmodule
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. 4-bit 4x4crossbar with simple crossbar
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“timescale Ins/lps

module Crossbar_4x4_4bit(inl, in2, in3, ind, outl, out?, out3d, outd, control);
input [3:0] inl, in2, in3, ind;

input [4:0] control;

output [3:0] outl, out2, out3, outd;

wire [3:0] w0_3, w0 2, wl_2, wi_4, w2_3, w2_4;

b Ty fEe g
Crossbar 2x2 dbit written below

Crossbar_2x2_4bit crsbar0 (inl, in2, control[0], wO_3, w0 _2);
Crossbar_2x2_4hit crsbarl (in3, ind, control[1], wl_2, wl_4);
Crossbar_2x2_4bit crsbar2 (w0_2, wl_2, control[2], w2_3, w2_4);
Crossbar_2x2_4hit crsbar3 (w0_3, w2_3, control[3], outl, out2);
Crossbar_2x2_4hit crsbard (w2_4, wl_4, control[4], out3, outd);
endmodule

module Crossbar 2x2 4bit(inl, in2, control, outl, outl);
input [3:0] inl, in2;
input control;

output [3:0] outl, out2;
not inv(inv_control, control):

wire [3:0] wdl_ml, wdl m2, wd2 ml, wd2 m2;

DMux_1x2 4bit DMuxl(inl, wdl_ml, wdl_m2, inv_control):
DMux_1x2 4bit DMux2(in2, wd2 ml, wd2 m2, control);
Mux_2x1 4bit Muxl(wdl_ml, wd2 ml, outl, inv_control);
Mux_2x1 4bit Mux2(wdl_m2, wd2 m2, out2, control);
endmodule

module Mux 2x1 4bit(in I, in 2, out, sel);
input [3:0] in_1, in_2;

input sel;

output [3:0] out;

wirc inv sel;

wire [3:0] a_f, b_ft;

not inv(inv sel, sel);

and a filter[3:0](a_f, in_1, inv_sel):
and b filter[3:0](b f, in 2, sel);

or ans[3:0](out, a_f, b_f);

endmodule

module DMux_Ix2 4bit(in, outl, out2, secl):
input [3:0] in;

input sel;

output [3:0] outl, out2;

wire inv_sel;

not inv(inv_sel, sel);

and outl_res[3:0](outl, in, inv_sel);

and out2_res[3:0](out2, in, sel);
endmodule



e testbench

module Crossbar_4x4_4bit_t();
reg [3:0] inl = 4'b0O000;

reg [3:0] in2 = 40000,
reg [3:0] in3 = 4'b00O00;
reg [3:0] ind = 40000,
reg [4:0] control = 5"b00O0O0;

wire [3:0] outl, out2, out3, outd;
Crossbar_4x4 4bit crsbar(inl, in2, in3, ind, outl, out2, out3, outd, control);
A try all the probabilities , there are 24 * 24 + 2 74 ¥ 229 + 25probabilites

initial begin

A since inl 1s 4bits there are 2% probabifities
repeat (2 ** 4) begin
& since 2 is 4bits there are 27 probabilities
repeat (2 ** 4) begin

& since i3 is 4bits there are 2% probabilities

repeat (2 ** 4) begin
A since control 1s Shits there are 2%%5 probabilities
repeat (2 ** §)
A I set it every Ins the signal of control pluses |
#1 control = control + 5'bh0O000T;
ind = ind4 + 4'b000T;
end
in3 = in3 + 4'b00O0T;
end
in2 = in2 + 4'b000T;

inl = inl + 4'b000T;
end
$finish;
end
endmodule
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4. 1-bit toggle flip flop (TFF)
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e Labl Teamd0_Toggle Flip_Flop.v

'module T Flip Flop(clk, g, t, rst n);
input clk;
input t;
input rst_n;

output q;

wire mid0, midl;

XOR ml3(q, t, mid0); /

and ml4(midl, mid0, rst_n); & whenr
D Flip Flop ml5(clk, midl, q);

 endmodule

M reuse the design of DFF from basic question
module D Flip Flop(clk, d, q);

input clk;

input d;

output q;

wire t1, f2;

not m5(fl, clk);

D Latch m6(fl, d, f2);
D Latch m7(clk, t2, q):

endmodule

module D Latch(e, d, q);
input e;
input d;
output q;

wire w0, wl, w2, w3;

not m(w0, d);

nand ml(wl, d, e);
nand m2(w2, w0, e);
nand m3(w3, q, w2);
nand m4(q, w3, wl);

endmodule



module XOR(q, t, mid0);

input q;
input t;
output mid0;

wire ¢ not, t not, x0,

not m&(g _not, q);
not m9(t_not, t);

and mlO(x0, g not, t);

and mll(x1, g, t_not);
or ml2(mid0, x0, x1);

endmodule

e testbench

“timescale Ins/lps

module T Flip Flop t;

reg clk;

reg t;

reg rst_n;

wire q;

T Flip Flop TFF(
.clk(elk)y,
-q(q),
Lt(t),

.rston(rst_n)

initial bhegin
clk = 1'b0;
t = 1'hi);
rst.n = 1'b0;
# rst n=1"bl;
#t=1'Ddl;
#26 t = 1'b0:
#18 rst.n = 1"bl;
#5 rst.n=1"bl;

#5 t = 1'bl;
#60 $finish;
end
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5. FPGA - 4-bit simple crossbar switch with
MUX/DMUX
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[I. Verilog #2375

module Crossbar_2x2_dbit_fpga(inl, in2, control, outl, out2);
input [3:0] inl, in2;

input control:

output [7:0] outl, out2;

wire inv control;

not inv(inv_control, control);

wire [3:0] wdl ml, wdl m2, wd2 ml, wd2 m2, t outl, t out2;
A reuses the modile written below

DMux_1x2_4bhit DMux1(inl, wdl_ml, wdl_m2, inv_control);
DMux_1x2_4bit DMux2(in2, wd2_ml, wd2_m2, control);
Mux_2x1_4bit MuxI(wdl_ml, wd2_ml, t_outl, inv_control);
Mux_2x1_4dbit Mux2(wdl_m2, wd2_m2, t_out2, control);

A use fanout to replace 1 signal to 2 signals

Fanout 2 F I(t outl, outl);

Fanout_2 F_2(t_out2, out);

endmodule

module Mux_2x1_4bit(in_1, in_2, out, sel);

input [3:0] in_1, in_2;

input sel;

oytput [3:0] out;

wire inv_sel;

wire [3:0] a_f, b_f;

not inv(inv_sel, sel);

A only when sel 1s ) output out will be the same as input n_[
and a filter[3:0](a f, in 1, inv sel);

A only when sef is T output out will be the same as input in 2
and b_filter[3:0](b_f, in_2, sel);

A since sel is either Qor 1, the signal of output out depends on input sef which chooses the input in [ or in 2
or ans[3:0](out, a_f, b_f);:

endmodule

module DMux 1x2 4bit{in, outl, out2, sel);

input [3:0] in;

input sel;

output [3:0] outl, out2;

wire inv_sel;

not inv(inv_sel, sel);

A ondy when the mput sel 1s O output out! will be the same signal as input in whife the other output is
and outl res[3:0](outl, in, inv sel);

A only when the input sel is 1, output our2 will be the same signal as input in while the other output is 0
and out2_res[3:0](out2, in, sel);

endmodule

module Fanout_2(in, out):

Ainput 4bits

input [3:0]in;

Houtput § bits

output [7:0] out;

wire [3:0]w;

A use 4 not gates to invert signals

not gl[3:0](w, 1in);

Huse § not gates fo invert signals again , 2 not gates for 2 wii] so as to wil] to w3}
not g2[7:0]Cout, {w[3]. w[3], w[2], w[2], w[1], w[1], w[O], w[O]}):
endmodule
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