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Continous assignment
The continuous assignment is used to assign a value onto a wire in a module. It is the normal assignment outside of always or initial blocks (See Sect. 10. ). Continuous assignment is done with an explicit assign statement or by assigning a value to a wire during its declaration. Note that continuous assignment statements are concurrent and are continuously executed during simulation. The order of assign statements does not matter. Any change in any of the right-hand-side inputs will immediately change a left-hand-side output.

Procedural Assignments 
Procedural assignments are assignment statements used within Verilog procedures (always and initial blocks). Only reg variables and integers (and their bit/part-selects and concatenations) can be placed left of the “=” in procedures. The right hand side of the assignment is an expression which may use any of the operator types.

Blocking Assignments 
Procedural (blocking) assignments (=) are done sequentially in the order the statements are written. A second assignment is not started until the preceding one is complete
Nonblocking (RTL) Assignments 
 RTL (nonblocking) assignments (<=), which follow each other in the code, are started in parallel. The right hand side of nonblocking assignments is evaluated starting from the completion of the last blocking assignment or if none, the start of the procedure. The transfer to the left hand side is made according to the delays. An intra-assignment delay in a non-blocking statement will not delay the start of any subsequent statement blocking or non-blocking. However a normal delays will are cummulative and will delay the output.

Event Control, @


[image: ]

[image: ]
Shared variables in modules ????
Variables written to by multiple processes create shared resource conflicts

Gotchas 101 Common Coding Errors and How to Avoid Them
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http://vol.verilog.com/VOL/main.htm
reg z;     register vector called invect
always @ (x1 or x2 or x3)
begin
	z = x1 | x2 | x3;
end
assign z = x1 | x2 | x3;
https://books.google.fr/books?id=yAlEDwAAQBAJ&pg=SA4-PA126&lpg=SA4-PA126&dq=verilog+event+control+changed+value&source=bl&ots=zG-6uScLWr&sig=ACfU3U2prIOZ2xKBmXW3Er0NBHHaSdYbHw&hl=fr&sa=X&ved=2ahUKEwj-tZvenuPgAhVo1-AKHdMcDA84ChDoATAAegQIABAB#v=onepage&q=verilog%20event%20control%20changed%20value&f=false
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Les descriptions ci-dessus ont un comportement identiques.
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The Verilog Hardware Description Language” by Thomas & Moorby,
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[image: ]Temp est assigner en premier
Puis on l’utilise
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Combinational and sequential logic
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http://www.csit-sun.pub.ro/~cpop/VerilogHDL_Tools/synver.pdf
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Synospys manual
http://analog-design.net/JOB/DIGITAL/VERILOG/VERILOG%20HDL%20manual.pdf
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In this design, the outputs—AND_BITS, OR_BITS, and XOR_BITS— depend solely on the value of the variable COUNT. If the variable COUNT is registered, these three outputs do not need to be registered.






To avoid inferring extra registers, assign the outputs in an always block that does not have a clock edge in its condition expression. Example 6-49 shows a description with two always blocks, one with a clock edge condition and one without. Put the registered (synchronous) assignments into the block with the clock edge condition. Put the other (asynchronous) assignments in the other block. This description style lets you choose the variables that are registered and those that are not.
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http://in.ncu.edu.tw/ncume_ee/digilogi/vhdl/Verilog_Reference_Guide.pdf
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http://www.sunburst-design.com/
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On utilize 2 always au lie de 1 afin de retirer le registre lié au enable
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The unintentional combinational loops ?????

http://www.sutherland-hdl.com/papers/2007-SNUG-SanJose_gotcha_again_paper.pdf

https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/manual/stx_cookbook.pdf
http://vlsi-soc.blogspot.com/2013/05/combinational-loops.html
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Operators

! (logical NOT)
&& (logical AND)
I (logical OR)
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module mult_behav(out, inl, in2, carry, sign);
input [31:0] inl,in2;
output [63:0] out;
output carry;
output sign;
reg carry, sign;
reg[63:0] out;

always @(inl or in2)
begin

{carry, out} =inl * in2;
if ({carry, out} <0)

sign=1;
else
-
]
sign =0;

end
endmodule
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module mult_rtl(out, inl, in2, carry, sign);

input[31:0] inl,in2;

output [63:0] out;

output carry;

output sign;

assign {carry, out} =inl * in2;

assign sign = ({ carry, out} <0)?1:0;
endmodule
RTL level of modeling of same multiplier
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module threestate_noreg_f£f (clock, condition, enable, in, out);
input in, enable, condition, clock;
output out;
reg out;
reg temp;

always @ (posedge clock)
begin //flip-flop on input
if (condition)
temp = in;
end

always @ (enable or temp)

begin
if (enable) //three-state
out = temp;
else
out= 1bz;
end

‘endmodule
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module enable_{T (clock, condition, enable, in, out);
input in, enable, condition, clock;

SPECIAL CONSIDERATIONS IN SYNTHESIZING VERILOG

output out;
reg out;

always @ (posedge clock)
begin
if (enable)
out = ( ~condition) ? in : out;
else
out= 1'bz;
end
endmodule
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module updowncount (R, Clock, L, E. up_down, Q);
parameter n=
input [n—1:0] R;
input Clock, L, E, up_down;
output [n—1:0] Q;
reg [n—1:0] Q:
integer direction;

always @(posedge Clock)
begin
if (up_down)
direction = 15
else
direction = —1;
if (L)
Q<=R;
else if (E)
Q <= Q + direction;
end

endmodule
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module fsm
(output reg out,
input in, clock, reset);

reg [1:0] currentState, nextState;

always @(in, currentState) begin // the combinational portion
out = ~currentState[1] & currentState[0];
nextState = 0;
if (currentState == 0)
if (in) nextState = 1;
if (currentState == 1)
if (in) nextState = 3;
if (currentState == 3) begin
if (in) nextState = 3;
else nextState = 1;
end
end

always @(posedge clock, negedge reset) begin // the sequential portion
if (~reset)
currentState <=0;
else
currentState <= nextState;
end
endmodule

Example 1.6 A Synthesizable Finite State Machine
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Why are combinational loops bad in FPGA?

A combinational loop is created when the output of a logic gate is fed back into the same exact gate, or another gate
earlier in the combinational path, but no sequential is involved. Example verilog is:

always @ (a or b)
a=a+b;
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Operators Example 5.9 X * y.
assigna=(g)?x:y;
(cond) ? (result if cond true): assign a = (inc==2) ? a+1 : a-1;
(result if cond false) /% if (inc), a = a+1, elsea=a-1%/
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44 Combinational Loops in Design

‘The unintentional combinational loops in the design are ves
fix during the implementation phase and generates an oscil
Example 4.3 describes the combinational loop in the design.

Figure 4.3 describes the synthesizable output for the combinational loop.

As discussed above, combinational loops in design are one of the dangerous and
critical design errors. Combinational loop in the design ocurs in the same signal
are used or updated in the multiple procedural blocks. If the same signal is present
ide of expression and on the left hand side of expression, the
onal loop.

Combinational loops exhibit the oscillatory behavior and during updating, they
can have race conditions. Consider the design scenario shown in Example 4.

In Example 4.4, both always blocks execute concurrently and due to that, while
updating the b value the new value o a is assigned. This has race condition in the
design. This design generates the oscillatory behavior due to events on a, b.

critical to debug and
tory behavior. The

// Verilog RTL code for unintentional combinational loop

module loop_combinationalla_in,b_in,y_out);

input wire a_in;
The *y_out’is declared as ‘reg’ and
an output for the combina-
tional logic. The use of
‘y_out’ on the RHS side of ex-
output reg y_out; pression generates the feed-

input wire b_in;

back to the input of the ‘AND’
logic and creates the uninten-
tional loop.  The combina-
tional loop has the tendency
always @ (a_in, b_in) to oscillate and generates an

: oscillatory output.

// Functionality of design

begin

y_out =
end

1in &b_in &y_out;

endmodule

Example 4.3 Combinational loop in the design
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a_in@D> } __out
b_inE—— BUF

Combinational
a_inll——— —— @y _out
b_in ED>——— M)/

Fig. 4.3 Combinational loop outcome. Note It is recommended that the design should not have
any combinational loop. To avoid the combinational loop break the feedback path by using the
sequential elements
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module multiple_blocks ();
reg a,b;
reg C,d;
reg clk,reset;
/I Combo Logic
always @ ( ¢)
begin
a=c;
end
/I Seq Logic
always @ (posedge clk)
f (reset) begin
b<=0;
end else begin
b<=ag&d;
end
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reg [7:0] my_memory [0:255];

Here [7:0] is width of memory and [0:255] is depth of memory with following parameters




image10.png
A sequence of nonblocking assignments don’t

communicate

a=1;
b = a;
c = b;

Blocking assignment:
a=b=c=1

a<=1;
b <= a;
c <= b;

Nonblocking assignment:
a=1

b = old value of a

¢ = old value of b
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RHS of nonblocking taken from latches

RHS of blocking taken from wires

a=1;
b=a; 111 a b »
c =Db; 1 ¢
1
a<=1; a
11 ”»
b <= a;
c <= b; b
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//behavioral 3-input or gate
module or3 (xl, %2, x3, zl);

//define inputs and output
input x1, x2, x3;

output z1;

//declare inputs as type wire and output as type reg
wire x1, x2, x3;
reg zl;

//define output zl
always @ (x1 or x2 or x3) //the sensitivity list is x1, x2, x
begin
2zl = x1 | x2 | x3;
end
endmodule
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module mux4( input a i, b i, c i, d i,
input [1:0] sel_ i,
output reg z_o );

reg t0, ti1;
always_comb // system verilog; equiv. to always @ (*)
begin

t0 = (sel_i[l] & c_i) | (~sel_i[l] & a_i);

tl = ~((sel_i[1l] & d i) | (~sel_i[l] & b_i));

t0 = ~tO0;

z_ o= ~( (t0 | sel_i[0]) & (t1 | ~sel i[0]) );

end
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module mux4( input a i, b i, c_ i, d i, Langutage defined
input [1:0] sel i, operators
output z o );

wire t0, tl1;

assign z_o
assign tl
assign t0

~((t0 | sel _i[0]) & (t1 | ~sel_i[0]1));
~((sel_i[1] & d i) | (~sel_i[l] & b_i));
~((sel_i[1l] & c_i) | (~sel_i[l] & a_i));
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module mux4( input a_i,b i,c_i,d i
: input [1:0] sel i,
output reg z_o);

always_comb
begin
if (sel_i == 2'd0 )
zo=aij always_comb
else if (sel_i == 2’dl) begin
zo=Dbij; case ( sel i)
else if (sel i == 2’'d2) T S o
z.0.=.c.i; 2'dl : z o
else if (sel_i == 2’d3) 2/'d2 : z o
zo=di; 2'd3 : z o =
else default : z
z 0 = 1'bx; endcase
end end
endmodule endmodule
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// Four input multiplexer
module mux4( input a i, b i, ¢ i, d i,
input [1:0] sel i,

output z_o);
assign z_o = ( sel_i 0) ?ai
( sel i 1) ?bi
( sel i 2)?2ci
(sel i ==3) 2di

endmodule
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W

wire A next, B next, C next; A B C
reg A r, Br, Cr;

always_ff @( posedge clk ) +1 +1
begin

A r <= A next;

B:r <= B:next;

C_r <= C_next; Readable,
ond combinational and
sequential logic are
separated.

assign B_next Ar+1;
assign C_next = B_r + 1;

Standard naming: A r
is the output of the
register and A next
(@r-A-n)-is-ithe-input-
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wire A _next;
reg B next, C_next;
reg A r, Br, Cr;

always_ ff @( posedge clk
begin

A r <= A next;

B r <= B_next;

C_r <= C_next;
end

always_comb

begin
B next = A r + 1;
C next = B_r +

end

Readable,
combinational and
sequential logic are
separated.
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wire A next; A B C
reg Ar, Br, Cr;

always_ff @( posedge clk ) +1 +1
begin
A r <= A next;
Br<=Ar+1; }\
Cr<=Br+il; Is (B_r == A_next+1) ?
end
Nope - Why?

A_r <= A_next creates
a register between
A_next and A_r, not a wire.
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wire A n, B n, C n;
reg Ar, Br, Cr;

always_ ff @( posedge clk )
A r <=An;

assign Bn =A r + 1;

always_ff @( posedge clk )
B r <= B_n;

assign Cn =B r + 1;

always_ ff @( posedge clk )
C r <= C_n;

Does it have the same
functionality?

Yes. But why?

It generates the same
underlying circuit.
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wire A n, B n, C n;
reg Ar, Br, Cr;

posedge clk )

always @ (
begin
A r A _n;
B.x B _n;
C_r C_ n;
end

assign B_n
assign C_n

Ar+1;
B r + 1;

aril aril

Will this synthesize?
- Maybe
Is it correct?

- No; Do not use “blocking
assignments” in @posedge clk
blocks. It is forbidden in this
class.
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wire B_in, C_in;

reg

A r;

wire sel;

always @( posedge clk )
begin
A r <= 1'b0; // redundant!
A r <= B_in;

if (sel)

end

A r <= C_in;

wire A n, B_in, C_in;
reg A r;
wire sel;

always_comb
begin
A n =Ar; // default;
// rdt. but safe

An B_in;

if (sel)
A n = C_in;
end

always ff @( posedge clk )
begin
A r <=An;
end 103-12
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What does this do?

For each always_comb, assign, always_ff statement, draw the gates and wires.

wire A n, B_in, C_in;
reg A r;
wire choose;

always_comb

begin
An =Ar; // default B in
3 A n
A n =B in; C_in

if (choose)
An=Cin; choose
end

always ff @( posedge clk )
begin An - Ar
A r <=An;
end
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The event can be a combination as well.

@(prtor clr) :
With the above event the block is executed whenever either of the variables

prt or clr undergoes a change.

(@(posedge clkl or negedge clk2) :

With the above event the block is executed in two cases — whenever the clock
clkl changes from 0 to 1 state or the clock clk2 changes from 1 to 0. One can
specify more elaborate events by OR'ing individual ones. The following are
to be noted:

The events can be changes in reg, integer, real or a signal on a net.
These should be declared beforehand.

No algebra or logic operation is permitted as an event. The OR'ing signifies
“execute the block if any one of the events takes place.”

The edge transition on each event is to be specified separately

Note the difference between the following:
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Continuous assignment

Procedural assignment

Used to infer combinatorial logic

Used to infer both storage elements
like Flip-flops and latches and also
combinatorial logic

Assignment occurs whenever the
value on the RHS of the expression
changes as a continuous process

The value of the previous assignment
is held until another assignment is
made to the variable

Occurs in assignments to wire, port,
and net type

Occurs in constructs like always,
initial, task, function

For example,

wire outl = inl & in2;
or

assign outl = inl & in2;

For example,

always @(posedge clk)
regl <= inl;

always @(a or b or s)
y=(s==1) ? a : b;
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Blocking assignments

Nonblocking assignments

For example,

initial begin
regl = #10 2'b10;
reg2 = #5 2'b01;
end

Starting from time 0, regl will be
assigned 2°b10 at time 10 units and
reg2 assigned 2°b01 at time 15
unit. Assignment to reg2 happens
after the assignment of regl

For example,

initial begin
regl <= #10 2'b10;
reg2 <= #5 2'b01;
end

Starting from time 0, reg2 will be
assigned 2°b01 at time S units and
regl will be assigned 2°b10 at time
10 unit. Assignment to reg2
happens earlier than regl
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214 ‘What value is inferred when multiple procedural assignments
made to the same reg variable in an always block?

When there are multiple nonblocking assignments made to the same reg
variable in a sequential always block, then the last assignment is picked up
for logic synthesis. For example,

module lower (clk, inl, in2, out2);
iwut clk, inl, in2;
output out2;
reg tmp;
always @(posedge clk) begin
tmp <= (inl * in2);
tmp <= (inl & in2);
tmp <= (inl | in2);
end

assign out2 = tmp;
endmodule

38 RTL Design

inl
in2 :D'd =

clk
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The same would be the case for a combinatorial always block, too. For
example,

always @(inl, in2) begin
(

tmp = (inl & in2);
tmp = (inl * in2);
tmp = (inl | in2); // The final logic picked

// up is the OR gate
end
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2153

Using blocking statements in a combinatorial logic

The following example illustrates the use of blocking statements in
combinatorial logic:

module reg_test (clk,
input clk,ini;
output outl;

reg regl, reg2, reg3,

always @(inl) begin

regl
reg2
reg3
outl

end

endmodule

in1;

regl;
reg2;
reg3;

inl, outl);

outl;

In the above example, the blocking assignments are made in a
combinatorial block. Note the absence of posedge and “<=", being replaced

42

RTL Design

with “=", in the assignments. The logic synthesized out of this is a simple
‘wire between inl to outl.

inl

outl
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module one_hot (clk, rst_n, rd_n, ready, done,
out0, outl, out2, outd);

input clk, rst_n, rd n, ready, done;
output out0, outl, out2, out3;

parameter drive out0 = 4'b0001;
parameter drive_outl = 4'b0010;
parameter drive_out2 = 4'b0100;
parameter drive_out3 = 4'b1000;

reg [3:0] current_state, next_state;

// the sequential process
always_ff @(posedge clk or negedge rst_n)
if (rst_n == 1'b0)
current_state <= drive_out0;
else
current_state <= next_state;

// The combinatorial process
always_comb

begin

next_state = current state;

case (1'bl)

current_state[0]: // drive_out0
if (~rd_n)
next_state = drive_outl;
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else
next_state = drive_out2;
current_state[1]: // drive_outl
if (!ready)
next_state = drive_out3;
else if (done)
next_state = drive_out0;
current_state[2]: // drive_out2
if (1ready)
next_state =
else if (done)
next_state = drive out0;
current_state[3]: // drive_out3
if (ready & ~rd n
next_state = drive_outl;
else if (ready & rd_n
next_state = drive_out2;
default: next state = drive_out
endcase
end

drive_out3;

assign out0 = current_state[0]; //
assign outl = current_state([1]; //
assign out2 = current_state(2]; //
assign out3 = current_state(3]; //

endmodule

0;

no operation
read operation
write opeartion
waiting for ready
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6.1.1 Implicit Continuous Assignment

Instead of declaring a net and then writing a continuous assignment on the net, Verilog

provides a shortcut by which a continuous assignment can be placed on a net when it is
declared. There can be only one implicit declaration assignment per net because a net is
declared only once.

In the example below, an implicit continuous assignment is contrasted with a regular
continuous assignment.

//Regular continuous assignment
wire out;
assign out = inl & in2;

//Same effect is achieved by an implicit continuous assignment
wire out = inl & in2;

6.1.2 Implicit Net Declaration
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module average pipeline ( output reg signed [5:-8] avg,
input signed [5:-8] a, b, c,
input clk);

wire signed [5:-8] a_plus_b, sum, sum_div_3;
reg signed [5:-8] saved_a plus_b, saved c, saved_sum;

assign a_plus b = a + b;
always @(posedge c1k) begin // Pipeline register 1
saved_a_plus_b <= a_plus_b;
saved_c «=c
end

assign sum = saved_a plus_b + saved_c;

always @(posedge c1k) // Pipeline register 2
saved_sum <= sum;

assign sum div_3 = saved sum * 14'b00000001010101;

always @(posedge c1k) // Pipeline register 3
avg <= sum_div_3;

‘endmodule
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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 c1k)

if (reset) data out <= 20'b0;

else if (data en) data out <= new_sum;

endmodule
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module decoded_counter ( output ctrl,
input clk );

reg [3:0] count_value;

always @(posedge c1k)
count_value <= count_value + 1;

4'b0111 ||

assign ctrl = count_value ==
== 4'b1011;

count_value

endmodule
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module interval_timer_repetitive ( output tc,
input [9:0] data,
input Toad, clk );

reg [9:0] Toad value, count value;

always @(posedge c1k)

if (load) begin
Toad_value <= data;
count_value <= data;

end

else if (count_value == 0)
count_value <= load value;

else
count_value <= count_value - 1;

assign tc = count_value

endmodule
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module decade_counter ( output reg [3:0] g,
input clk );

always @(posedge c1k)
q<=q==920:q+1;

endmodule
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Schematic with

Boolean Equation Verilog
gate symbols

B assigny = (b & 8)[(a & ~8);

S E Y Y=BAS)V(AATS) or

always @(a or b or s)
if (s) y = b; else y

(@) Combinational logic

Q+=Q®A
A D— D Q always @(posedge clk)
CcLK —DC Must be annotated with q<=q " a;
truth table that describes
(b) Sequential logic Q+. Q dependence on D, CLK

FIGURE 1.1: Combinational and sequential logic representations
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(a) assignment statement
ordering does matter in an HLL

Final y value is 0. Final y value is 1.

FIGURE 1.6: Assignment statement ordering

(b) assign statement
ordering does not matter in Verilog

wire na, nb;

assign y £ na | nb;

assignnb =B & s b

assign na = a & ~s;
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(a) assignment statements in an HLL can
target the same variable

na =a & ~s;

The na variable is assigned twice; the final
value of na is the last assignment.

(b) illegal use of assign statements

wire na;

assign na <b & s;

assign na = a & ~s;

Gate outputs are shorted together!

FIGURE 1.7: Continuous assignments to the same wire
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(a) Four-bit 4-to-1 mux using if-else
chain

(b) Four-bit 4-to-1 mux using a case statement

module muxdtol_dbit(s,a,b,c,d,y);
input [1:0] s;

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

output [3:0] y;

module muxdtol_dbit(s,a,b,c,d,y);
input [1:0] s;

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

output [3:0] y;

reg [3:0] y; reg [3:0] y;
always @* 2-bit binary constant always @*
begin begin
if (s = y=a; case (s)
else if (S==2'b01) y 2'b00 : y
else if (sl 2'b10) y 2'b01 y
elsey = d; 2'b10 : y
end . default: y
equality operator enticase
endmodule end
endmodule

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

FIGURE 1.13: Verilog implementations of a 4-bit 2-to-1 multiplexer
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(a) level-sensitive storage element

(D-latch)

| (b) edge-triggered storage element

(data flip-flop, or DFF)

g follows d when g is high

q follows d on rising edge of clk

'
latch |
always @(g or d) d a | always @ (posedge clk) DFF
begin —D Q9 | begin d—DQ
if (9) g <= d:‘ I g <=d; ‘
end e—G | end clk-
latch is transparent to changesond !
— H & capture the d input
e ! clk
'
' I '
' ' !
d : ! v d
' T '
' ' '
' ' '
q H H 1 q !
L L '
' v '
'
'

FIGURE 1.24: Level-sensitive and edge-triggered devices in Verilog
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1.5.2 DFF Chains

The always blocks of Fig. 1.25(a) can be somewhat confusing to readers who are new to logic
synthesis in that all of these Verilog code fragments synthesize to the same chain of DFFs as
shown. This occurs because each nonblocking assignment synthesizes to a single DFF whose

(a) All of these Verilog code fragments synthezize to the same chain of DFFs

reg qa, ob, qe;

reg gqa, gb, qc;
always @ (posedge clk) ga <= a;

. !
i |
reg ga, gb, gc; H ¥
ivane @ (posadye c1x) | 21vays @ (posedge clk)!
begin 1 begin | always @ (posedge clk) qo <= gb;
! qe <= gb; !
' gb <= qa; | always @ (posedge clk) gb <= qa;
H qa <= a; | end
! end !
clk s T s N o N o I |
DFF DFF  DFF a I :
qa q qe —
a—DbQ D Q D Q— @ T j T
\ —
clk— clk— clk— ab '
a 1 1 —
] i !
reg qa, gb, gc; (b) a wire
//synthesizes to a wire a
always @* " —
; =a ‘ a _Mire_ ga gb,qc b
=qa;
qec = gb; qc
end

FIGURE 1.25: Synthesizing a chain of DFFs versus a wirc
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There are two types of code in most HDLs:
Structural, which is a verbal wiring diagram without storage.
assigna=b & ¢ | d; /*“”isa OR */
assignd =e & (~c);
Here the order of the statements does not matter. Changing e will change a.
Procedural which is used for circuits with storage, or as a convenient way to write conditional logic.
always @(posedge clk) // Execute the next statement on every rising clock edge.
count <= count+1;
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(a) Blocking assignments - RHS values applied to LHS immediately

always @ (posedge clk) Sy“\“es'\s DEF
begin ql q2
ql/=\d; d—D QF—7-—

a2\=lq1; Vnithe:
end"'_\ ] Csis clk—
blocking assignments

(b) Non-blocking assignments - all RHS values applied to LHS after always block exit

always @(posedge clk) yn‘“eS‘S DFF DFF
begin. ql Q2
ql/<=\d; d D Q) DQ

q2'<=al;
end 5 clk clk-
non-blmkingM/a

FIGURE 1.38: Blocking versus nonblocking assignments
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Output oscillates; period i:
(a) A combinational loop uiput osclaies; perioc Is

dependent upon adder delay
always @* X
L g E ra ORO00000
Y=y +a; a[7:0] 4~ 8
end - Tlme
(b) Sequential element in feedback path Output can only change on
alvays @ (posedge clk) the active clock edge
bogin ST
y<=y +a; » ; DFF clk
end "1+ H—p ¢
a[7:0] 8
8 clk—

FIGURE 1.39: Combinational loop
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7/define signals
reg z1; //outputs are declared as reg for behavioral
//z1 is used as target in always statement

always @ (x1 or x2 or x3) //sensitivity list
begin
if ((x1 &6 x2) || (x1 && x3) || (x2 && x3))
zl= 1;
else
21 = 0;
end
endmodule
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778-bit johnson counter
module johnson_ctr (clk,

rst_n, count);

//detine inputs and outputs

input clk, rst_n;
output (7:0] count;

//detine signals
wire clk, rst
reg [7:0] count,
reg (7:0] next_count;

S ——

//inputs are wire
//outputs are reg used in always
//detine internal reg used in always

alvays @ (posedge clk or negedge rst_n)

begin
i€ (rst_n == 1'b0)
count <= 8°b0000_O!
else
count <= next_count

end

//determine next count -
always @ (count)
begin

case (count) //case

000;

ts

item is 8'b00000000
8'500000000 : next_count = 8'b10000000;

8'b10000000 : next_count = 8'b1100000!
8'b11000000 : next_count = 8'b1110000¢

8'b11100000 : mext_count = 8'b11110000;
8'b11110000 : next_count = 8'b11111000;
8'b11111000 : next_count = 8'b11111100;
8'b11111100 : next_count = 8'b11111110;
8'b11111110 : next_count = 8'b11111111;
8'b11111111 : next_count = 8'b0111111:

8'bBO1111111 : next_count = 8'b00111111;
8'b00111111 : next_count = 8'b00011111;
8'b00011111 : next_count = 8'b00001111;

//continued on next page

Figure 1.103 Design module for the 8-bit Johnson counter.

8'500001111 : next,
8'b00000111 : next.
8500000011 : next.

8'b00000001 : next.
default : next.
endcase
end

endmodule

_count = 8'b00000111;
“count = 8'b00000011
_count = 8'b00000001;
_count = 8'b00000000;
_count = 8'b00000000;
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//behavioral conditional if ... else if
module cond_if_else2 (x1, x2, x3, zl1);

input x1, x2, x3;  //define inputs and output
output z1;

//define signals
reg z1; //outputs are declared as reg for behavioral
//21 is used as target in always statement

always @ (x1 or x2 or x3) //sensitivity list
begin
Af ((x1 66 x2) 11 (x1 &6 x3) |1 (x2 & x3))
21= 1;
else
zl = 0;
end

endmodule
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//dataflow for 4:1 mux using the conditional operator
module mux_4tol_cond2 (s0, sl, d0, dl, d2, d3, z1);

//define inputs and output
input s0, sl, d0, d1, d2, d3;
output z1;

//use the nested conditional operator
assign z1 = s1 ? (s0 2 d3 : d2) : (sO ? dl : d0);

‘endmodule
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//behavioral to determine if a[2:0] >= 6
module a_gt_eq_six (a2, al, a0, a_gt_eq_six);

input a2, al, a0; //define inputs and output
output a_gt_eq_six;

//variables are reg in always
reg a_gt_eq_six;

//determine if a2, al, a0 >= six
always ¢ (a2 or al or al)
begin
if (a2 & al)
a_gt_eq_six = 1'bl;

e
a_gt_eq_six = 1'b0;

end

endmodule
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//behavioral D flip-flop
module d_ff bh (rst_n, clk, d, q);

input rst_n, clk, d;
output q;

wire rst_n, clk, d;
reg q;

always @ (rst_n or posedge clk)
begin
if (rst_n == 0)
q <= 1'b0;
else g <= d;
end

endmodule

Figure 3.11 Behavioral design module for a positive-edge D flip-flop.
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//benavioral case to assert zl in state yly2y3 = 110
module a_gt_eq_6_case (rst_n, clk, y, x1, z1);

input rst_n, clk, x1; //define inputs and output
output (2:0] v
output z

reg (2:0) y, next_state;
wire z1;

//assign state codes
parameter state a = 3'5000,
state b = 3'b001,
state_c = 3'b011,
state_d = 3°'b010,
state_e = 3'bll

assign z1 = (y(2] & y[1]);  //define output
always @ (posedge clk) //set next state
begin
if (~rst_n)
y <= state_a;
else
y <= next_state;
end
always @ (v or x1) //determine next state
begin
case (y)
state_a:
if (x1 == 0) next_state = state b;
else next_state = state_c;
state_b: next_state = state_
state_c:
if (x1 == 0) next_state = state_d;
else next_state = state_e;
state_d: next_state = state_a;
state_e: next_state = state_a;
default: next_state = state a;
endcase
end

endmodule





image53.png
1. A variable of a register type does not necessarily imply a set of flip-flops in hard-
ware. See next section.
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time c;
¢ = $time; // ¢ = current simulation time
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wire Acr, Bar, Fra; // A wire is a net type.
reg Trg, Sqp: // A reg is a register type.

always @ (Bar or Acr or Fra)
bagin1

Trq = Bar & Acr;

Sgp = Trq | Fra;
end
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Local Use of Variables

In all the above cases, a variable was assigned under the control of a
clock and its value was used outside of the always statement, thus requir-
ing its value to be saved in a flip-flop.

What if a variable is defined globally (outside the always statement)
but used only locally within an always statement? Here is an example.

module GlobalReg (Clk, CurrentState, NextState);
input Clk;
input (3:0]) CurrentState;
output [3:0] NextState;
reg [3:0] NextState;

reg [3:0] Temp;

always @ (negedge Clk)
begin

Temp = CurrentState;
NextState <= Temp;
end
endmodule
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+ reg
< Saves a value
¥ Part of a behavioral description
< Does NOT necessarily become a register when you synthesize
¥ May become a wire
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Not a real register!!

module and gate(out, inl, in2);
Holds assignment in

in2;

input inl,

always block
output out;
reg out;

The compiler will not use a register
always @(inl or in2) begin when it synthesizes this gate, because
out = inl & in2; out changes whenever the inputs

end change. Can omit the module and write
endmodule wire out, inl, in2;
and (out, inl, in2);
N specifies when block is executed
i.e. triggered by changes in in1 or in2
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module nbexl (q, a, b, clk, rst n);
output q;
input clk, rst_n;
input a, b;
reg  a y;

always @(a or b)
y=a"b;

always @(posedge clk or negedge rst_n)
if (lzst_n) q <= 1'b0;
else q <=
endmodule

Example 23 - Combinational and sequential logic separated into two always blocks
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module 1fsrnl (q3, clk, pre_ n);
output q3;
input clk, pre_n;
reg q3, g2, ql;
wire nl;

assign nl = ql ~ g3;

always @ (posedge clk or negedge pre_n)
if (!pre_n) begin
a3 1'bl;
q2 <= 1'bl;
ql <= 1'bl;
end
else begin
q3 <= q2;
q2 nl;
ql <= g3;
end
endmodule





image61.png
module counterdbits(
. input/output with no change
reg [3:0] val_nxt; // Not flip-flop but used in always @(*) thus reg

always @(*) begin
if (rst_n_i ==
val_nxt = @
else if(enable_: 1)
val_nxt = val_o + 1;
end

always @(pbsedge clk_i)
val_o <= val_nxt;

endmodule
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Example 7-9 Implementing Nonblocking Assignments using Blocking Assignments

//Emulate the behavior of nonblocking assignments by
//using temporary variables and blocking assignments
always @(posedge clock)
begin
//Read cperation
//store values of right-hand-side expressions in temporary variables
temp_a = a;
temp_ b = b;
//Write operation
//Rssign values of temporary variables to left-hand-side variables
a = temp b;
b = temp_a;
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176

A typical use of tristate drivers
is in 2 memory module designed
to attach to a processor bus.
Example 6.9 illustrates a 64K
byte memory. The dataBus port
is defined to be an inout, allow-
ing it be driven in the module’s
assign statement and also be used
as the source when writing
memory. Writing the memory is
a  synchronous activity con-
trolled by the positive edge of the
clock. A new value is read from
the memory when read cnable
(re) first becomes asserted (i.c.,
the negative edge), or when there
is a change on the address lines
(addrBus). The value read is
stored in temporary register out
which drives the dataBus when
re is asserted. If re is unasserted,
dataBus is tristated.

References: nets, vectored/scalared 6.2.3

The Verilog Hardware Description Language

module Memory_64Kx8
(inout [7:0] dataBus,
input  [15:0] addrBus,
input we, re, clock);

reg [7:0] out;
reg [7:0] Mem [65535:0];

assign dataBus = (~re)? out: 16'bz;

always @(negedge re or addrBus)
out = Mern[addrBus];

always @(posedge clock)
if (we == 0)
Mem[addrBus] <= dataBus;
endmodule

Example 6.9 Memory Module With Tristate
Drivers
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parameter add =2’b00, sub=3"b111;
parameter n =4;
parameter [3:0] st4=4b1010;
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bit shift
unsigned binary data
module shift_reg_piscda (rst_n

ght piso shift register

clk, load, X, ¥, z):

input rst_n
input 3
output [1:4] v:
output z:

load;

/continued

always €
begin

n or posedge clk)

x x

end

endmodule
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module example (input
input

clk,

[3:0] d,

output reg [3:0] q);

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

always @ (posedge clk)
special <= d;

assign normal = ~ special;

always @ (posedge clk)
q <= normal;
endmodule

// standard wire
// assigned in always

// first FF array

// simple assignment

// second FF array
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Combinational Sequential

module combinational(a, b, sel, module sequential(a, b, sel,
out) ; clk, out);
input a, b; input a, b;
input sel; input sel, clk;
output out; output out;
reg out; reg out;
begin begin
if (sel) out = a; if (sel) out <= a;
else out = b; else out <= b;
end end
endmodule endmodule
a a
out D Qf— out
b b
|—>

sel sel clk Y




image67.png
Verilog supports two types of assignments within always blocks, with
subtly different behaviors.

Blocking assignment: evaluation and assignment are immediate

always @ (a or b or c)
begin

end

Nonblocking assignment: all assignments deferred until all right-hand
sides have been evaluated (end of simulation timestep)

always @ (a or b or c)
begin

end

Sometimes, as above, both produce the same result. Sometimes, not!
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Coding for Synthesis (Cont’)

O Avoid Combinational Feedback

always @ (posedge clk) begin

‘a ways @ (a or x)begin

if (a) begin x_temp<=x;
x= x+1'b1; end
end
else begin always @ (a or x_temp)begin
. if (a) begin
x= X_temp+1'b1;
end
else begin
____________________________________ x= x_temp;
end
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Example 6-18 Two-Phase Clocks

module latch_verilog (DATA, MCK, SCK, Q);

input DATA, MCK, SCK;
output Q;
reg 0;

reg TEMP;

always @(DATA or MCK)
if (MCK)
TEMP = DATA;

always @(TEMP or SCK)
if (SCK)
Q = TEMP;
endmodule

Figure 6-6 Two-Phase Clocks

DATALC >— 1

MCK[C>— p=

SCK| I'
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Wire & Register (Cont’)

O reg: a variable in Verilog

O Use of “reg” data type is not exactly synthesized to a

really register
O Compare to use of wire & reg

B wire =) usually use “assign” and “assign” dose not appear in

“always” block
® reg =) onlyuse “a=b”,
always appear in “always” block

module test(a, b, c);

input a,b;
output  c;
wire c=a;
reg c;

always@(a)begin
c=a;

end
endmodule
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Coding for Synthesis

[ Blocking Assignment [ Non-Blocking
Assignment

always @ (posedge clk)

begin begin
b=a; b<=a;
c=b; c<=b;

end end

always @ (posedge clk)

Just like “a=c;"”

Just like “shift register”

b

C

a b ¢ a
i

clk clk

‘EQJ
T

D Q
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Figure 23: Using a Double Register Structure for Passing a Single Signal into another Clock
Domain

VHDL Verilog HDL
process (clk_a) always @ (posedge clk_a)
begin begin

if rising_edge (clk_a) then a_reg <= signal a;

a reg <= signal a;
end if;
end process;

end

always @ (posedge clk_b)

begin
b_reg <= a_reg;
process (clk_b) signal b <- b reg;
begin end - -
if rising_edge (clk_b) then
b_reg <= a_reg;

signal b <= b_reg;
end if;
end process;




image4.png
Operators

< (less than)

<= (less than or equal to)

> (greater than)

>= (greater than or equal to)
== (equal to)

=" (not equal to)
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Example 5-32 Unsupported while Loop

always
while (x < y)
X =x + z;




image75.png
Example 5-33 Supported while Loop

always
begin @ (posedge clock)
while (x < y)
begin
@ (posedge clock);
X =X+ z;
end
end;
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Example 6-48 Circuit With Six Implied Registers

module count (CLK, RESET, AND_BITS, OR_BITS, XOR_BITS);
input CLK, RESET;
output AND_BITS, OR_BITS, XOR_BITS;
reg AND_BITS, OR_BITS, XOR_BITS;

reg [2:0] COUNT;

N always @(posedge CLK) begin
if (RESET)
COUNT = 0;
else
COUNT = COUNT + 1;

AND_BITS = & COUNT;

OR_BITS = | COUNT;
XOR_BITS = ~ COUNT;
end

endmodule




image77.png
Example 6-49  Circuit With Three Implied Registers

module count (CLK, RESET,
AND_BITS, OR_BITS, XOR BITS);
input CLK, RESET;
output AND_BITS, OR_BITS, XOR_BITS;
reg AND_BITS, OR_BITS, XOR_BITS;

reg [2:0] COUNT;

//synchronous block
always @(posedge CLK) begin
if (RESET)

COUNT = 0;
else
COUNT = COUNT + 1;
end
//asynchronous block
always @(COUNT) begin

AND_BITS = & COUNT;

OR_BITS = | COUNT;

XOR_BITS = ~ COUNT;
end

endmodule
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zing Registers

In an always block that is triggered by a clock edge, every variable
that has a value assigned has its value held in a flip-flop.

Organize your Verilog description so you build only as many registers
as you need. Example 7-19 shows a description where extra registers
are implied.

Example 7-19  Inefficient Circuit Description With Six Implied Registers

module count (clock, reset, and _bits, or_bits, xor_bits);
input clock, reset;

output and_bits, or_bits, xor_bits;

reg and_bits, or_bits, xor_ bits;

reg [2:0] count;

always @(posedge clock) begin
if (reset)
count = 3760;
else
count

count + 1;

and bits = & count;
or_bits | count;
xor_bits = ~ count;

end
endmodule

This description implies the use of six flip-flops: three to hold the
values of count and one each to hold and_bits, or_bits, and xor_bits.
However, the values of the outputs and_bits, or_bits, and xor_bits
depend solely on the values of count. Because count is registered,
there is no reason to register the three outputs. The synthesized
circuit is shown in Figure 7-9.
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Figure 7-9  Synthesized Circuit With Six Implied Registers

e

=1

?
i
:

To avoid implying extra registers, you can assign the outputs from
within an asynchronous always block. Example 7-20 shows the same
logic described with two always blocks, one synchronous and one
asynchronous, which separate registered or sequential logic from
combinational logic. This technique is useful for describing finite state
machines. Signal assignments in the synchronous always block are
registered. Signal assignmen the asynchronous always block are
not. Therefore, this version of the design uses three fewer flip-flops
than the version in Example 7-19.
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Example 7-22  Fully Synchronous Counter Design

module COUNT (RESET, ENABLE, CLK, 2);

input RESET, ENABLE, CLK;
output [2:0] 2;
reg [2:0] z;

always @ (posedge CLK) begin
if (RESET) begin
z = 3'b0;
end else if (ENABLE == 1/bl) begin
if (2 == 37d7) begin
z = 3'b0;
end else begin
Z =2+ 3'bl;

end
end
end

endmodule

Example 7-23 Asynchronous Counter Design
module COUNT (RESET, ENABLE, CLK, Z);

input RESET, ENABLE, CLK;
output [2:0] 2;

reg [2:0] z;

wire GATED CLK = CLK & ENABLE;

always @ (posedge GATED_CLK or posedge RESET)
if (RESET) begin
z = 3'00;
end else begin
if (z == 37d7) begin
z = 3'b0;
end else begin
Z=2+301;
end

end
end
endmodule

begin
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Example 7-20 ~ Circuit With Three Implied Registers

module count (clock, reset, and _bits, or_bits, xor_bits);
input clock, reset;

output and_bits, or_bits, xor_bits;

reg and_bits, or_bits, xor_ bit:

reg [2:0] count;

always @(posedge clock) begin//synchronous
if (reset)

count = 3/b0;
else
count = count + 1;
end
always @(count) begin//asynchronous
and bits =
or_bits
x0T _bits =
end -
endmodule

The more efficient version of the circui

shown in Figure 7-10.

Figure 7-10  Synthesized Circuit With Three Implied Registers

[

o

(]
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Operators

~ (bitwise NOT)
& (bitwise AND)

| (bitwise OR)

~ (bitwise XOR)

~" or “~(bitwise XNOR)
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// This finite state machine (Mealy type) reads one
// bit per clock cycle and detects three or more

// consecutive ones.

module three_ones (signal,clock,detect,output_enable);
input signal, clock, output_enable;

output detect;

// Declare current state and next state variables.
reg [1:0] cs;

reg [1:0] ns;

wire ungated_detect;

// declare the symbolic names for states
parameter NO_ONES=0,ONE_ONE=1, TWO_ONES=:
AT_LEAST_THREE_ONES=3;

/] ****xxxxxxxss STRUCTURAL DESCRIPTION ****#**xxxx /
/ Instance of a three-state gate that enables output
three_state tl (ungated_detect,output_enable, detect);

J] *xxxssrxrsxxrsrs ALWAYS BLOCK *****%xssskxxxxs
// always block infers flip-flops to hold the state of
// the FSM.

always @ (posedge clock) begin
cs

ns;
end

/] *xwssssiiiiit FUNCTIONAL DESCRIPTION *%%%%%%%xsss
function detect_logic;

input [1:0] cs;

input signal;

begin
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detect_logic = 0; // default value
if ( signal == 0) // bit is zero
ns = NO_ONES;
else // bit is one,increment state
case (cs)
NO_ONES: ns = ONE_ONE;
ONE_ONE: ns = TWO_ONES;
TWO_ONES, AT_LEAST THREE_ONES:
begin
ns = AT_LEAST_THREE ONES;
detect_logic = 1;
end

endcase
end
endfunction

/] *xxxessrerrrrr assign STATEMENT *****ssssxxxss

assign ungated_detect = detect_logic( cs, signal );
endmodule
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“timescale 1ns/100ps

module counter (imput [3:0] d_in, imput clk, rst, 1d, u d,
output reg [3:0] q);
always @( posedge clk ) begin
if ( rst )
'b0000;
14 )

[
o

[
»QS»QS»QS»Q
Bl
L]
IPAIS

B
r-n
<

e

Q —~
+
-

el

1

Figure 5.43 Up-Down Counter
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“timescale 1ns/100ps

module behavioral lfsr #(parameter [3:0] poly=0, seed=0)
(input clk, init, sin, output reg sout );
reg [3:0] im data;
always @( posedge clk or posedge init )
begin
if ( init )
im_data = seed;
else
im_data = { sin” im data(0],
im_data[3:1] ~ (poly[2:0] & {3{im_data[0]}} };
sout = im datal[0];
end

endmodule

Figure 5.48 Behavioral LFSR Code
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module GlobalReg (Clk, CurrentState, NextState);
input Clk;
input [3:0] CurrentState;
output [3:0] NextState;
reg [3:0] NextState;

reg [3:0] Temp;

always @(negedge Clk)
begin
Temp = CurrentState;
NextState <= Temp;
end
endmodule
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module GrayCounter (ClockG, Clear, Q, ON);
parameter NBITS = 3;
input ClockG, Clear;
output [1:NBITS] Q, ON;

reg [1:NBITS] Counter, GrayCount;
integer K;

always @ (posedge ClockG)

Modeling a Parameterized Adder S

if (Clear)
Counter <= 0;
else
Counter <= Counter + 1;

always @ (Counter)
begin
GrayCount[1] = Counter[1];

for (K = 2; K <= NBITS; K = K+1)
GrayCount[K] = Counter[K-1] "~ Counter(K);
end

assign Q = GrayCount;
assign QN = ~ GrayCount;
endmodule
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4.7.1

Avoiding Flip-flops

It is important to understand the flip-flop inference rules of a synthesis
tool. These rules may vary from one synthesis tool to another. If the infer-
ence rules are not followed, a synthesized netlist may have many more
flip-flops than are really necessary. Here is a case in point.

reg PresentState;
reg (0:3] Zout;
wire ClockA;

always @ (posedge ClockA)
case (PresentState)
0:
begin
PresentState <= 1;
Zout <= 4'b0100;
end
aLdE S
begin
PresentState <= 0;
Zout <= 4'b0001;
end
endcase

Here the intention appears to be to store the value of PresentState in a flip-
flop (rising-edge-triggered). After synthesis, not only is there a flip-flop
for PresentState, there are also four flip-flops for Zout. This is because
Zout is assigned under the control of a clock. It may or may not be the in-
tention to generate flip-flops for Zout. If not, then a case statement needs
to be written in a separate always statement in which Zout is assigned, this
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time not under the control of the clock. The modified example that gener-

ates only one flip-flop is shown next.

always @ (posedge ClockA)
case (PresentState)
0 : PresentState <=
1 : PresentState <= 0;
endcase

always @ (PresentState)
case (PresentState)
0 : Zout = 4'b0100;
1 : Zout = 4'b0001;
endcase

// Flip-flop inference.

// Combinational logic.

SECTION 4.7
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Combinatorial Models Using the always Block and regs

You can also use the always block to model combinatorial logic. If an always block
runs in zero time, and runs whenever any of the inputs changes, it is modeling

190 Verilog Quickstart

combinatorial logic. The reg data types are used in always blocks, but regs do not
always imply that a latch or flip-flop or some other sequential logic is being
modeled. As you will see, a reg can be used for combinatorial modeling. The
examples in this section illustrate the 2-to-1 mux, the 4-to-1 mux, and the 8-bit
adder using always blocks and regs.

If you intend to model combinatorial logic using the always block, be sure to model
all branches in your logic, or you may imply a latch. All if statements must have
else clauses. All case statements must either have a default clause or all cases
specified. Otherwise, a latch will be implied, and you will not have combinatorial
logic.




