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Most circuits are either sequential or combinatorial
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This filter just averages two adjacent samples together.
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streaming data
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Always based on clock And one of inputs change
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assign sum_div_3 = saved_sum * 14'b00000001010101; 
always @(posedge clk) 
avg <= sum_div_3;
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Conditional Expression? true expression : false expression

https://www.robosoup.com/2014/01/cleaning-noisy-time-series-data-low-pass-filter-c.html
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Continous assign receive DFF 
verilog continuous assignment received hold value

contnouis assignement receive procedural assignment
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module full adder (imput a, b, output sum, cout);
assign #5 sum=a ~ b * cin;
assign #3 cout = (a & b)|(a & cin) | (b & cin);
endmodule
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module ShiftRegister (imput sl, sr, clk, imput [7:0] ParIn,
input [1:0] m, output reg [7:0] Parout);
always @ (negedge clk) begin
case (m)
0: Parout <= Parout;
1: Parout {sl, Parout [7:1]};
2: Parout <= {Parout [6:0], sr};
3: Parout <= Parin;
default: Parout <= 8'hX;
endcase
end
endmodule
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assign #6
assign #3
assign #3
assign #2
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Il declaration: reg [7:0] Areg;
Areg [7:5]

Il declaration: reg Amem [7:0];
Amem [3]

Il declaration: reg Bmem [7:0][0:3]
Bmem [2] [1]
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3.2.9.6 Conditional operator. The conditional operator in Verilog uses
the ?: notation, the general format of this operation is:

expressionl ? expression2 : expression3

If expressionl is true, then expression?2 is selected as the result of the
operation; otherwise expressions is selected. This operation provides a
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nal Operator

TABLE3.6 Condi

Example Results in
1 ? 4'b1100 : 4'b|ZX0 4'b1100
0 ? 4'b1100 : 4'b1zZX0 4'b1ZX0
X ? 4'b1100 : 4'blZX0 4'bl1XX0





image13.png
module add lbit f (input a, b, ci, output s, co );

function [1:0] adder (inmput a, b, c);
begin
adder = {(a & b) [ (b & c)|(a & ¢), a*b’c };
end
endfunction

assign #(3, 4) {co, s} = adder ( a, b, ci );

endmodule
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module add_lbit (input a, b, ci, output s, co );

reg s, co;
always @(a, b, ci)
begin

s =#%#5a " b " ci;

co=#3 (a&b) | (b&i) | (a & ci);
end

endmodule
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module add_lbit (imput a, b, ci,
reg s, co;

always @(a, b, ci) begin

s <=#5a "~ b " ci;

co <= #3 (a & b) | (b &ci)
end

endmodule

output s, co );

| (@& ci);
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module add_lbit (imput a, b, ci, output reg s, co );
always @(a, b, ci) #3 co = (a & b) | (b aci) | (a & ci);
always @(a, b, ci) #5 s =a ~ b " ci;

endmodule
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module mux2_1 (input i0, il, s, output reg v);

always @(i0, il, s) begin

if (s==1'Db0)
y = 1i0;
else
y = il;
end

endmodule
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module add_sub_4bit (input [3:0] a, b, input ci, m,

always @(a,
if (m)
{ co,
else
{ co,

endmodule

output reg [3:0] s, output reg co );

b, ci, m)

a+ b+ ci;

a-b - ci;
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module alu n bit (a, b, £, ¥ );
parameter N=4;
input [N-1:0] a, b;
input [1:0] f;
output [N-1:0] v;
reg [N-1:0] y;
always @ (a, b, f)
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module priority_encoder (imput i0, il, i2, i3,
output reg vl, v0, f);

wire [3:0] im = { i3, i2, i1, i0 };
reg [2:0] indx;

always @(im) begin
{ yl, y0 } = 2'D00;
£ = 1'b0;
for (indx=0; indx<4; indx=indx+1)
begin
if ( im[indx] )
begin
{vyl, y0} = indx;
£ =1'bl;
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module alu_dbit (a, b, f, oe, v, P, ov, a gt b,
a_eqb, altb);

input [3:0] a, b;
input [1:0] £;
input oe;
output [3:0] y;
output p, ov, a_gt b, a_egb, a_lt b;
reg ov, a_gt_b, a_eqb, a_lt_b;

reg [4:0] imy;

always G( a or b or £ ) begin : arithmethic

ov = 1'B0;
imy = 0;
case ()
2100 :
begin
imy=a+b;
if ( imy>5'b01111 ) ov = 1°bl;
end
2'B01 :
begin
imy=a - b,
if ( imy>5'b01111 ) ov = 1°bl;

end
2'D10 : im y[3:0] = a & b;
2'bll : imy[3:0] = a " b;
default: im y[3:0] = 4'b0000;
endcase
end

always G( a or b ) begin : compare
if (a>b) { agtb, aegb, altb ) = 3'bl00;
else if (a<b) { agth, aegb, altb} = 3'b001;
else { a_gt_b, a_eqgb, a_lt_b } = 3'b010;

end

assign p = ~ imy([3:0];
assign y = oe ? im y[3:0] : 4'bz;

endmodule
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always @ (*) begin: arithmetic
and

always @ (*) begin: compare
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module alu ( a, b, add_sub, func, y, co, gt, eqg, 1lt, ov );
input [3:0] a, b;
input add_sub;
input [1:0] func;
output [3:0] y;

reg [3:0] v;
output co, gt, eg, 1lt, ov;
reg co;
always @( a or b or add sub or func ) : arithmetic
case (func)
2'b00 :

if (add_sub) { co, vy } = a - b;
else { co, v } = a + b;
2'B01 : {co, vy} = {100, a}l;

2'b10 : {co, vy} ={1'b0, a&b};

2'pll : { co, y } = { 1'b0, ~a };

default: { co, v } =, 5'b00000 ;
endcase

compartor cmp ( a, b, gt, eq, 1t );

assign ov = (func==2'b00)
? ((al3] & b[3] & ~y[3]) | (~al3] & ~b[3] & y[3]1))
: 1'b0;
endmodule

Figure 468 ALU Synthesizable Verilog Code
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module shift_reg( imput [3:0] d_in, imput clk, sr, sl, 1d, rst,
input [1:0] s_cnt, output reg [3:0] );
reg [3:0] int_q;
always @( d_in, q, s_cnt, sr, sl, 1d ) begin: combinational
if( 14 )
int_g = d_in;
else if ( sr )
int_qg = q >> s_cnt;
else if ( sl )
int_qg = q << s_cnt;
else int g = q;
end
always @( posedge clk ) begin: register
if (rst) g <= 0;
else q <= int_q;
end
endmodule
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module moore_detector (imput x, rst,
localparam [1:0]
reset=0, gotl=l, gotl0=2, gotl01=3;
reg [1:0] current;
always @( posedge clk ) begin

if (

rst ) current <= reset;

else case ( current )

reset: begin
if ( x==1'bl ) current <=
else current <= reset;
end
gotl: begin
if ( x==1'B0 ) current <=
else current <= gotl;
end
got10: begin
if ( x==1'bl ) current <=
else current <= reset;
end
got101: begin
if ( x==1'bl ) current <=
else current <= gotl0;
end
default: begin
current <= reset;
end

endcase

end

assign z = (current==gotl01l) ? 1

endmodule

clk, output

gotl;

gotl10;

got101;

gotl;

0;

z)
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“define  reset 3'b000
“define  gotl 3'b001
“define  gotl0 3'b010
“define  gotll 3'b011
“define  gotl0l  3'b100
“define  gotll0  3'b10L

module moore_detector3 (imput x, rst, clk, output z);
reg [2:0] current;
always @( posedge clk or posedge rst ) begin

if ( rst ) current = ‘reset;

else
case ( current )

“reset:
if( x==1'bl ) current <= ‘gotl;
else current <= 'reset;

“gotl:
if( x==1'D0 ) current <= ‘gotl0;
else current <= ‘gotll;

“got10:
if ( x==1'bl ) current <= ‘gotl0l;
else current <= 'reset;

“gotll:
if ( x==1'bl ) current <= ‘gotll;
else current <= 'gotll0;

“got101:
if ( x==1'bl ) current <= ‘gotll;
else current <= 'gotl0;

“got110:
if ( x==1'bl ) current <= ‘gotl0l;
else current <= 'reset;

default:
current <= ‘got101;

endcase
end
assign z = (current == ‘gotl0l || current == “gotll0);

endmodule
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module datapath ( input clk, clr_P, load P, load B,
msb_out, lsb_out, sel_sum, load A, shift A,
inout [7:0] data, output A0 );

wire [7:0] sum, Shiftadd;

reg [7:0] &, B, P;

wire co;

always @( posedge clk ) if (load B) B <= data;

always @( posedge clk )
if (load P) P <= {co&sel_sum, ShiftAdd[7:11};

assign { co, sum } = P + B;

always @( posedge clk )
case ( { load A, shift A } )
2/b01 : A <= { Shiftadd[0], A[7:1] };
2'b10 : A <= data;
default : A <= A;
endcase
assign 20 = A[0];

assign ShiftAdd = clr_ P ? 8'h0 : ( ~sel_sum ? P : sum );

assign data = lsb out ? A : 8'hzz;
assign data = msb_out ? P : 8'hzz;

endmodule
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always @ (inl orin2 orin3 or in4)
begin

out=inl & in2 | ~in3 * in4
end
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B &—

clk ¢&—

Figure 1.1 A simple digital circuit.
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Example 96 Many forms of Continuous Assignments

fmodule mca;

reg a, b, ¢, d;

wire y, yb, al, a2;

wire [3:0] bus = {a, b, ¢, d};
wire #(3,2) parity = “bus;
assign #1 al = a & b,

a2 =c&d,
y=all|az2,
yb = ~vi

endmodule
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Example 9-8 Mux Using Continuous Assignment

module muxca(a,b,sel,y);

// mux with continuous assignment
input a,b,sel;
output y;

assigny =sel ? a : b;

endmodule

Example 9-9 Mux Using always Block

module muxae(a,b,sel,y); // mux with always
input a,b,sel;

output y;

reg v;

always @(a or b or sel)
if  (sel)
v = a;
else
vy = b;

endmodule
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Example 9-10 always Block Using Comma

module muxaec(a,b,sel,y); // mux with always using comma
input a,b,sel;
output y;
reg v;
always @(a, b, sel)
if  (sel)
Y = a;
else
Yy = b;
endmodule

Example 9-11 Combinatorial always Block

module muxaes(a,b,sel,y); // mux with always using star

input a,b,sel;

output y;
reg v;
always @*
if (sel)
y = a;
else
Yy = b;

endmodule
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Example 12-9 Mux with PCA

module mux2 (v, a,b,c,d,sel) ;
input a,b,c,d;
input [1:0] sel;
output y;
reg y;
always @(sel)
case(sel)
2'b00
2'b01
2'bl0
2'bll
endcase
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module auto_oven_style_1_moore(clock, start, temp_ok,
quiet, load, heat, unload, beep);

input clock, start, temp_ok, done, quiet;

output load, heat, unload, beep;

reg load, heat, unload, beep;

reg [2:0] state, next_state;

“define IDLE 'b000
“define PREHEAT 'b001
“define LOAD 'b010
“define COOK 'b011

“define EMPTY 'b100

// State register block
always @(posedge clock)
state <= #('REG_DELAY) next_state;
// next state logic
always @(state or start or temp_ok or done) begin

done,

next_state = state; // default to stay in current state

case (state)
“IDLE: if (start) next_state='PREHEAT;
“PREHEAT: if (temp_ok) next_state = ‘LOAD;
"LOAD: next_state = “COOK;
“COOK: if (done) next_stat
“EMPTY: next_state = “IDLE;
default: next_state = “IDLE;

endcase

end

“EMPTY;

// Output logic
always @(state) begin

if (state "LOAD) load = 1; else load = 0;
if(state “EMPTY) unload else unload = 0;
if (state “EMPTY && quiet 0) beep =1; else beep = 0;
if(state " PREHEAT
state “LOAD ||

state "COOK) heat = 1; else heat =0;
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Example 16-1 A 2-to-1 Mux Using Continuous Assignment

module mux2ca( y, sel, a, b) ;
output [3:0] y;

input [3:0] a, b;

input sel;

assigny = sel ? a : b;

endmodule

Example 16-1 shows a 2-to-I mux modeled with a continuous assignment. One
advantage of this model is that it could be used to model a mux of any bus width. In
this case, a 4-bit wide mux is shown.

Example 16-2 A 4-to-1 Mux Using Continuous Assignment

module mux4ca( y, sel, a, b, c, 4) ;
output [3:0] y;

input [3:0] a, b, ¢, d;

input [1:0] sel;

assign y = sel[l] ? (sel[0] 2 d : c) : (sell0] ? b : a) ;

endmodule

Example 16-2 shows a simple 4-to-] mux using a continuous assignment, using
nested ternary operators.
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Example 16-3 Alternate 4-to-1 Mux Using Continuous Assignment

module muxdcaa( y, sel, a, b, ¢, d);
output [3:0] y;

input [3:0] a, b, ¢, 4;

input [1:0] sel;

assign y = (sel
(sel
(sel

endmodule

Example 16-4 An 8-Bit Adder Using Continuous Assignment

module adder8ca(carry_out, sum, a, b, carry_in);
output carry_out;

output [7:0] sum;

input [7:0] a, b ;

input carry_in;

assign {carry out,sum} = a + b + carry in;
endmodule
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Example 16-6 The 2-to-1 Mux Using always

module mux2r( y, sel, a, b) ;
output [3:0] v;

input [3:0] a, b;

input sel;

reg [3:0] y;
always @(sel or a or b)

if(sel)

y = aj;
else

y = Db,

endmodule
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Example 16-7 The 4-to-1 Mux Using always

module mux4r( y, sel, a, b, ¢, d) ;
output [3:0] vy;

input [3:0] a, b, ¢, d;

input [1:0] sel;

reg [3:0] vy;
always @(sel or a or b or ¢ or d)
begin

case (sel)

W o
<
T
200

endcas
end

endmodule
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module mux4caf( y, sel, a, b, c, d) ;
output [3:0] y;

input [3:0] a, b, ¢, d;

input [1:0] sel;

assign y = muxf(a, b, ¢, 4, sel);

function [3:0] muxf;
input [3:0] a, b, ¢, d;
input [1:0] sel;
case (sel)
0: muxf

= a;
1: muxf = b;
2: muxf = c;
3: muxf = 4;
endcase
endfunction

endmodule
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Truth Table Gate Symbol Boolean Verilog

NOT %TY A*>c Y Y=A assign y = ~-a;
1fo
ABlY
00[0  A_]
AND 0 1|0 B Y Y=AAB assign y = a & b;
100 1
11t
ABlY
000 a
OR 011 Y Y=AvB assign y = a | b;
1oft B
111
A B|Y.
001
NAND
01|t A % Y=AAB  assiony=-~(a&b);
toft  B_]
11 o
A BIY
Nor o o A
0110 Y Y=AvB assign y = ~(a | b);
100 B
11 o
A BV
0o0fo A
XOR 011 j
1ol B D—Y Y=A®B assign y = a " b;
11 o
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(a) assignment statement
ordering does matter in an HLL

a=1;b=0;s=
na =0; nb = 0;

y =na | nb; nb=Db & s;

nb =b & s; na = a & ~s;

na=a& ~s; y =na | nb;

l l

Final y value is 0.

Final y value is 1.

(b) assign statement
ordering does not matter in Verilog

nb; <

assign y £ na |

assignsb =b &2 b
: S
assign na = a & ~s; B
:
]
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(a) level-sensitive storage element | (b) edge-triggered storage element

(D-latch) 1 (data flip-flop. or DFF)
latch h DFF
always @(g or d) p a! always @ (posedge clk)
begin —D Q9 | begin dp g
if (g) q <= d; ‘ 1 og<=d; ‘
end g—G ! end clk]
latch is transparent to changes on d !
A | & capture the d input
g ek
' 1 ' 1
' ' ! I
d T ' "4 T
' 1 ' 1
' T ' 1
' 1 ' '
' ] ! 1
q ' ' ' q 1
L 1 ' L
' 1 ' 1
'
'
'

q follows d when g is high g follows d on rising edge of clk
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(a) A combinational loop

aluays @+
begin »

y=y+a al7:0]
end

(b) Sequential element in feedback path

always @ (posedge clk)
begin

Y(=y¢a;‘

end

Output oscillates; period is
dependent upon adder delay

Output can only change on
the active clock edge
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module compare (A, B. AeqB. AgtB. AltB):
input [3:0] A.B:
output reg AeqB.AgtB. AltB:

always @(A, B)
begin
AeqB =0:
AgtB=0:
AlB =0:
if (A==B)
AeqB =1:
else if (A > B)
AgtB=1:
else
AlB=1:

end
endmodule

Figure 4.40  Verilog code for a four-bit comparator.
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module dec2to4 (W.En.Y):
input [1:0] W:
input En:
output reg [0:3]Y:
integer k:

always @(W. En)
for (k=0:k<=3:k=k+1)
if (W ) && (En==1))
Yk =1:
else
Y[kl =0:

endmodule
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module MultiplexerB (input a, b, s, output w);
assign w = (a & ~s) | (b & s);
endmodule
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module mux4tol (W, S. f):
input [0:3] W:
input [1:0] S:
output reg f:

always @(W, S)
if (S==0)
f=W[0]:
elseif (S==1)
f=W[1
elseif (S==2)
f=W[2]:
else
f=W[3]:

endmodule
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module exampleS_5 (x1, x2, x3, Clock, f, );

input x1,x2, x3, Clock:
output reg f. g:

always @(posedge Clock)
begin

F=xl&x2

=l
end

endmodule

Figure 5.40  Code for Example 5.5.

H—
n

Q

Q

Clock. Q
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module exampleS_6 (x1, x2, x3, Clock. f, g):
input x1.x2, x3, Clock;
output reg f.g:

endmodule

Figure 5.42  Code for Example 5.6.

x

D Q
Q

. —
n L/ Lo
Clock ————  —p @
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module simple (Clock, Resetn, w, 7);
input Clock, Resetn, w;
output z;
reg [2:1]y. Y:
parameter [2:1] A =2'b00, B=2"b01, C=2'b10;

/I Define the next state combinational circuit
always @(w, y)
case (y)
Aif(w)
else
B: if (w)
else
C: if(w)
else
default:
endease

/I Define the sequential block

always @(negedge Resetn, posedge Clock)
if (Resetn==0) y<=A;
else y<=Y:

// Define output
assign z=(y==C);

endmodule

Figure 6.29  Verilog code for the FSM in Figure 6.3.
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module arbiter (r, Resetn, Clock, g):
input [13]
input Resetn, Clock;
output wire [1:3] g
reg [21]y. Y;
parameter ldle = 2'b00, gntl =2°b01, gnt2 = 2'b10, gni3 = 2'bl1;

1/ Next state combinational circuit
always @(r, y)
case (y)
Idle:  easex (r)
3b000: Y
Iblxx
3b01
300
default:
endease
mmtl: i) Y
e Y
m: i) Y
e Y
mi: i3] Y
e
default: Y = Idie;
endease

11 Sequential block

always @(posedge Clock)
if (Resetn==0) y<=Idle;
dse y<=Y;

1/ Define output
assign g[1] = (y ==gntl);

endmodule

Figure 6.74  Verilog code for the arbiter
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/ Top-level module

module addersubtractor (A, B, Clock, Reset, Sel, AddSub, Z, Overflow);
parameter n = 16;
input [n—1:0] A, B;
input Clock, Reset, Sel, AddSub;
output [n—1:0] Z;
output Overflow:
reg SelR, AddSubR, Overflow;
reg [n— Areg, Breg, Zreg:
wire [n-1:0] G, H. M, Z;
wire carryout, over_flow:

11 Define combinational logic circuit
assign H=Breg " {n{AddSubR} }:
mux2tol multiplexer (Areg. Z. SelR, G);
defparam multiplexerk = n;
adderk nbit_adder (AddSubR. G, H, M. carryout);
defparam nbit_adderk = n;
assign over_flow = carryout * G[n—1]* H[n-1] * M[n-1];
assign Z =Zreg:

1/ Define flip-flops and registers
always @(posedge Reset or posedge Clock)

if (Reset == 1)
begin
Areg <= 0; Breg <= 0; Zreg <=0;

SelR <=
end
else
begin
Areg <= A: Breg <= B: Zreg <= M:
SelR <= Sel; AddSubR <= AddSub; Overflow <= over_flow;
end
endmodule
... continued in Part b

; AddSubR <= 0; Overflow <= 0;





image52.png
module filter (input clk, rst, input [11:0] adc_ip, output reg[11:0] dac_op);
reg [11:0] temp [3:0];
always @ ( posedge clk )
begin
if (rst)
begin
temp[0] <= 0;
temp[1] <=0;
temp[2] <=0;
temp[3] <=0;
end
else
begin
temp|[0] <= adc_ip;
temp[1] <= templ0];
temp[2] <= temp[1];
temp[3] <= temp[2];
dac_op <= ((temp[3] + temp[2] + temp[1] + temp[0]) / 4); // >>2 right shift by
two
end
end
endmodule
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Low-Pass Averaging Filter

A low-pass averaging filter takes the average of the last m samples of incoming k
samples of data. This is a primitive way of fillering out high-frequency noise. For
averaging digital data samples, the data samples are stored in buffers, as shown in
Fig. 5.14. When a new sample is received. data in the entire array of input registers
need not be shifled. A circular buffer i ercated, which is a wrapped around version
of the Finear bulTer shown. In a circular bufTer. a modulo n counter is used as an
address pointer, which points to the location where the mos! recent sample is 1o be
stored. This poinier overwrites the last sample of the moving window of n samples.

A FPGA-based logic to average the last four samples of incoming ADC data is
shown in Tig. 5.15. The incoming data arc passed through three delay blocks. The
‘summation of the data values in the memory is used to calculate the average of the.
input samples. Figure 516 shows the code which uses a 12-bil register 0
ke inpul values. A non-blocking construct s used 1o ercate a data
pipeline for storing the last four data samples

ALV I
[ Sameing * apc
0

Fig, 515, Moving average filicr using a FPOA [2]

Example 5.3. Write Verilog code for averaging the last four samples of the
incoming waveform, as shown in Fig. 5.15.
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maodule filter ( input clk, st input [11:0] ade_ip, output reg|11:0] dac op),

reg [11:0] temp [3:0]:

always @ ( posedge clk )

begin
if (rst)
begin
templ0] <0,
temp[1] < 0.
templ2] <0,
templ3] < 0.
end
dse
begin
temp[0] <~ ade._ip:
temp[1] < temp0];
temp[2] <~ temp[1];
temp[3] < temp]2]:
dac_op <~ ((temp[3] + temp|2] + temp[1] + tomp[0]) / 4): // 2 right shift by two
end
end
endmodule

Fig, 5.16. Moving average filter using a FPGA
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* default_nettype
11

none

module smplfir(i_clk, i_ce, i_val, o_val);

paramete
localpar
input
input
output

reg

r IW=15;
am OW=TW+1;
wire i_clk, i_ce;
wire  [(TW-1):0] i_val;

wire  [(0W-1):0] o_val;
[(1H-1):0] delayed;

initial delayed = o;

always @(posedge i_clk)

if (i_ce)

delayed <= i_val;

always @(posedge i_clk)

if (i_ce)

endmodule

o_val <= i_val + delayed;
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module MultiplexerD (imput a,
reg w;
always @ (a, b, s) begin
if (s) w = Db;
else w =
end
endmodule

b,

s,

output w);
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parameter FATL = 1, PASS = 2, EXCELLENT = 3;

always @ (Marks)
if (Marks < 5)
Grade = FAIL;
else if ((Marks >= 5) & (Marks < 10})
Grade = PASS;
endmodule
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module BistCell (B0, Bl, DO, D1, Z);
input B0, B1l, DO, DI;
output Z;
wire S1, 52, S3, S4;

assign S1 =~ (B0 & D1);

assign S2 = ~ (D0 & B1);

assign S3 = ~ (52 | 81);

assign 54 = S2 & S1;

assign Z = ~ (54 | 83);
endmodule

// Synthesized netlist is shown in Figure 3-1.
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Avoid combinational loops

Y

(a) A combinational loop

m dependent upon adder delay
‘ a[7:0] -/8— * 8 s @QQ@@@@

always @*
begin
y=y+a;

(b) Sequential element in feedback path

always @ (posedge clk)

begin

y<=y+a;
end

Output oscillates: period is

Output can only change on
the active clock edge

2
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module signed mult (out, clk, a, b):
output [15:0] out;
input clk;
input signed [7:0] a;
input signed [7:0] b;

reg signed [7:0] a_reg;
reg signed [ ] b_reg;
reg signed [15:0] out;
wire signed [15:0] mult_out;

assign mult out = a_reg * b_reg;

always @ (posedge clk)
begin
a_reg <
b_reg
out <= mult ._out;
end
endmodule





image60.png
module verilog fam (clk, reset, in 1, in 2,
input clk, reset;

in 2;

3'0000;
3'b001:
= 3'p010;

3'b011;
3'b100;

- 0, tmp_out_1, tmp_out_2:
Texc_state;

aluays @ (posedge clk or posedge reset)
begin
if (reser)
state <= state 0;
else
state <= nexc_state;
end
aluays @ (%)
begin
Tmp_out 0 = in 1 + in_:
Tmp_out_1 = in 1 - in_:
case (state)
state _0: begin
Tmp_out 2 = in_1 + 5'b00001;
next_state = state 1
end
state 1: begin
if (In_1 < in_2) begin
Dexe,_Srate = state 2;
tmp_Gut_2 = tmp_out_0;
end
else begin
Dex:_state = state 3;
tmp_Gut_2 = tmp_out
end
end.
state_2: begin
©mp_Gut_2 = tmp_out 0 - 5'b0000L;
next_state = state 3
end.
state_3: begin
©mp_sut_2 = tmp_out 1 + 5'b0000L;
next_state = state ¢
end
state_4:begin
tmp_Gut_2 = in 2 + 5'6000:
next_state = state 0;
end
default:begin
tmp_out_2 = 5'b0000D.
next_state = state 0;

2
2.
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module simple (Clock, Resetn, w, 7):
input Clock. Resetn, w:
output reg z;
reg [2:1]y,Y:
parameter [2:1]A=2"b00, B =2"b01, C=2"b10:

/I Define the next state and output combinational circuits
always @(w, y)
begin
case (y)
A:if(w) Y=B:
else Y=A;
B:if(w) Y=C:
else Y=A;
C:if(w) Y=C;
else Y=A;
default:  Y=2
endcase
z=(y==C); //Define output
end

/I Define the sequential block

always @(negedge Resetn, posedge Clock)
if (Resetn==0) y<=A;
else y<=Y:

endmodule

Figure 6.33  Second version of code for the FSM in Figure 6.3.
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module simple (Clock, Resetn, W, z);
input Clock, Resetn, w;
output z;
reg [2:1]y:
parameter [2:1] A =2"b00, B =2'b01, C=2'b10;

I/ Define the sequential block
always @(negedge Resctn, posedge Clock)
if (Resetn==0) y<=A;
else
case (y)
At (w)
else
B: if(w)
else
C:if(w)
else
default:
endcase

/1 Define output
assign z=(y==C);

endmodule

Figure 6.34  Third version of code for the FSM in Figure 6.3.
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module vat_buzzer_behavior
( output buzzer,
input above 250, above 30_0, Tow_level 0,
input above 25 1, above 30_1, Tow_level 1,
input select_vat 1 );

assign buzzer =
select_vat_1 ? Tow_level 1 | (above 30_1 | ~above 25_1)
: Tow_level 0 | (above 30_0 | ~above 250);

endmodule
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module ANDOR (input il, i2, i3, i4, output vy);
assign v = (il & i2) | (i3 & i4);
endmodule
/7
module MultiplexerE (input a, b, s, output w);
wire s bar;
not Ul (s_bar, s);
ANDOR U2 (a, s bar, s, b, w);
endmodule
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~(a&b)

~(a|b)
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module circuit ( output f,
input x, y, z);

assign f = (x | (y & ~2)) & ~(y & 2);

endmodule
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module aircon ( output heater_on, cooler_on, fan_on,
input temp_low, temp_high, auto_temp,
input manual_heat, manual_cool, manual_fan );

assign heater_on = (temp_low & auto_temp) | manual_heat;
assign cooler_on = (temp_high & auto_temp) | manual_cool;
assign fan_on = heater_on | cooler_on | manual fan;

endmodule

A straightforward synthesis of a digital circuit from this model is shown at

the top of Figure 2.13. There are two subcircuits, one each for heater_on and
cooler_on. The outputs of these circuits then drive the third subcircuit for
fan_on. For some implementation fabrics, however, CAD tools might transform
the circuit as shown at the bottom of Figure 2.13. The logical OR operations

manual_heat 1
temp_low heater_on
auto_temp | |

;

temp_high cooler_on

manual_cool | |

[N
manual_fan j >+ fan_on
|

manual_heat

temp_low heater_on

temp_high cooler_on

manual_cool
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module alarm_priority_1 ( output [2:0] intruder_zone,

output

valid,

input [1:8] zone );

assign intruder_zone = zone[1]
zone[2]

zone[3]

zone[4]

zone[5]

I zone[6]
zone[7]

zone[8]

3'b000;

NN NN N N NN

assign valid = zone[1] | zone[2]
zone[5] | zone[6]
endmodule

3'b000 :
3'b001 :
3'b010 :
3'b011 :
3'b100 :
3'b101 :
3'b110 :
3'b111 :

| zone[3] | zone[4] |
| zone[7] | zone[8];
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module accumulator
( output reg signed [7:-12] data_out,
input signed [3:-12] data_in,
input data_en, clk, reset );

wire signed [7:-12] new_sum;
assign new_sum = data_out + data_in;
always @(posedge clk)

if (reset) data_out <= 20'b0;

else if (data_en) data out <= new_sum;

endmodule
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module and_block_assign
(
input wire a, b, c,
output reg y

)i
always @x
begin
y = a;
y =7y &b;
y =y &oc;
end

endmodule
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module decoder_2_4_case

(

input wire [1:0] a,
input wire en,

)

always 0x

case ({en,a})

3’b000,
3’b100:
3’b101:
3’b110:
3’b111:
endcase

endmodule

output reg [3:0] y

37001, 3°b010,
y = 4°b0001;
y = 4°b0010;
y = 4°b0100;
y = 4°b1000; //

3’°b011:

default

y = 47b0000;

can also be

used
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module d_ff_reset
(
input wire clk, reset,
input wire d,
s output reg q
)5

// body
always @(posedge clk, posedge reset)
o if (reset)

q <= 1°b0;
else
q <= d;

15 endmodule
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170

1
// master FSM

17
always ©(posedge clk, posedge reset)
i (reset)
state_reg <= idle;
else
state_reg <= state_next;
always o+

D

begin
state_mext = state_reg;
prd_start = 1°b0;
aiv_start = 1°b0;
b2b_start = 1°b0;
case (state_reg)

idle:
if (start)
begin
prd_start = 17b1;
state_mext = count;
end
count :
if (prd_done_tick)
begin
div_start = 17b1;
state_next = frq;
end

(div_done_tick)
begin
b2b_start = 17b1;
state_mext = b2b;
end

b2b:
if (b2b_done_tick)
state_mext = idle;
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module ab_ff_2seg
(
input wire clk,
input wire a, b,
s output reg g
s

reg q_mext;

w // DFF
always @(posedge clk)
q <= q_next;

// combinational circuit
s always @*
q_next = a & b;

endmodule
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module Flop (reset, din, clk, gout);
input reset, din, clk;
output qout;
reg qout;
always @ (negedge clk) begin
if (reset) gout <= #8 1'b0;
else gout <= #8 din;
end
endmodule
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module ab_ff_all
¢
input wire clk,
input wire a, b,
output reg q0, qi, q2, q3, q4, a5
b

reg ab0, abl, ab2, ab3, ab4, ab5;

// attempt 0
always @(posedge clk)

begin
ab0 = a & b;
Q0 <= ab0;
end

// attempt 1
always @(posedge clk)

begin /7 ablentry = abl; qlenery = ql;
abl <= a & b; //ablew=ad&b
q1 <= abi; /7 qlezie = ablentry

end // abl = ablezit; g1 = qlexit

// attempt 2
always @(posedge clk)

begin
ab2 = a & b;
q2 = ab2;
end

// attempt 3 (switch the order of attempt ()
always @(posedge clk)

begin
q3 <= ab3;
ab3 = a &

end
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wire wirel;
assign wirel = (sel == 1'bl) ? a

N wirel

sel




image76.png
input sell, sel2, sel3, inl,

output outl;

assign outl = (sell 1'bl)
(sel2 1'bl1)
(sel3 == 1'bl)

in2, in3, in4;
? inl :

? in2

? in3 : in4;

RTL Design

37

In the multiplexor units shown, it follows the logic that when sel is
high, the output Z selects A, else selects B.

in4 —

in3 —

sel3

sell
sel2
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*

1 Commentaire
Rédiger un commentaire

La statistique sans formule
mathématique: avec 150 questions et
exercices ...

De Bernard Py
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Examples

Example 1

module examplel(clk, d, reset, set, q) ;

input clk, d, reset, set;

output g;

reg q;
always @(posedge clk) q = d;
always @(reset or set) begin
if (reset) assign q = 1'b0;
else if (set) assign q= 1'b1;
else deassign q;
end

endmodule
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always example

module and gate(out, inl, in2);

input  inl, in2;
output out;
reg out;

Not a real registe
Holds assignment in
always block

The compiler will not synthesize

always @(inl or in2) begin this code to a register, because

out = inl & in2;
end
endmodule

CSE370, Lecture 16

out changes whenever /n1 or in2
change. Can instead simply write

wire out, inl, in2;
and (out, inl, in2);

specifies when block is executed
i.e. triggered by changes in /in1 or in2

Incomplete sensitivity list or incomplete

assighment

+ What if you omit an input trigger (e.g. /2)
= Compiler will insert a latch to hold the state
= Becomes a sequential circuit — VOT7 what you want

module and_gate (out, inl, in2);

input inl, in2
output out; / ©
reg out; in always sensitivity list

isn't specified

always @(inl) begin
out = inl & in2;

end
endmodule 2 rules:
1) Include all inputs in the trigger list
2) Use complete assignments
= Every path must lead to an assignment for out
= Otherwise out needs a state element
CSE370, Lecture 16 5
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2:1 mux Always Block

Module mux_2_1(a, b, out, sel):
input a, b, sel;
output out;

reg out;
always @ (a or b or sel)
begin

if (sel) out =a:

else out=b;
end

endmodule

Declare Module and IO as before.

All data types in always blocks must be
declared as a ‘reg’ type.

This is required even if the data type is for
combinational logic.

The always block ‘executes’ whenever
signals named in the sensitivity list

change.

Literally: always execute at a or
b or sel.

Sensitivity list should include
conditional (sel) and right side (a, b)
assignment variables.
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To Block or Not to Block ? cont

Module blocking(a,b.c.x.y):
input a,b.c;
output x.y;
regxy:
always @*
begin
x=a&b;
y=xle
end
‘endmodule

Module nonblocking(a,b.c.x.y):

input ab.c;
output x.y;
regxy:
always @*
begin
x<=a&b;
y<=xl¢
end
endmodule

Blocking behavior

Initial values

a changes—>always block execs

x=a & b: //make assignment

olo|o|=]w»
===
ololofole
ofo|=|~—[n
of=|=]—T]=

y=x|c: //make assignment

Non-blocking behavior

Initial values

a changes—->always block execs

x=a&b:

y =x/| ¢ //x not passed from here

make X, y assignments
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module Counterd (imput reset, clk, eutput [3:0] count);
reg [3:0] count;
always @ (negedge clk) begin
if (reset) count <= #3 4'b00_00;
else count <= #5 count + 1;
end
endmodule
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Integrate Into One Module

Module and 10 Declaration

Next State Always Block

State Register Always Block

Output Always Block
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module example (input
input

wire [3:0] normal;
reg [3:0] special;

clk,

[3:0] d,
output reg [3:0] q);

//
//

standard wire
assigned in always

always @ (posedge clk)
special <= d;

/!

first FF array

assign normal = ~ special; //

simple assignment

always @ (posedge clk)
q <= normal;

//

second FF array

endmodule




image84.png
module comb (input inv,
input [3:0] data,
output reg [3:0] result);

always @ (inv, data) // trigger with inv, data
if (inv) result <= ~data;// result is inverted data
else result <= data; // result is data

endmodule
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—_—

Example Process Example Process
begin begin
B=A; B <=A;
C=B; C<=B;
end end
Example Run Example Run
A=1,B=3;C=7 A=1;B=3,C=7

A=1,B=1,C=1 A=1,B=1,C=3
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Assignment statements

Example Process Example Process
begin Begin
C=B; C<=B;
B=A; B<=A;
end end
Example Run Example Run
A=1,B=3;C=7 A=1;B=3;C=7
A=1;B=1;C=3 A=1;B=1;C=3

Order matters! Order does not matter!




