[bookmark: 999926]module counter (C, CLR, Q); 
[bookmark: 999927]input C, CLR; 
[bookmark: 999928]output [3:0] Q; 
[bookmark: 999929]reg [3:0] tmp; 
[bookmark: 999930] 
[bookmark: 999931]  always @(posedge C or posedge CLR) 
[bookmark: 999932]    begin 
[bookmark: 999933]      if (CLR) 
[bookmark: 999934]        tmp = 4'b0000; 
[bookmark: 999935]      else 
[bookmark: 999936]        tmp = tmp + 1'b1; 
[bookmark: 999937]      end 
[bookmark: 999938]  assign Q = tmp; 
[bookmark: 999939]endmodule 

http://www.ece.utep.edu/courses/web5375/Notes_files/ee5375_asynch.pdf
[image: ]
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Synchronizers 
When passing signals between clock domains, an important question to ask is, do I need to sample every value of a signal that is passed from one clock domain to another?

http://www.sunburst-design.com/papers/CummingsSNUG2008Boston_CDC.pdf

counter glitch ??

module tb;

reg clk;
reg [2:0] cnt;
reg reset;

always begin
    #5 clk <= 0;
    #5 clk <= 1;
end

always @(posedge clk or posedge reset) begin
    if (reset) begin
        cnt <= 0;
    end else begin
        cnt <= cnt + 1;
    end
end

always begin: inject_clk_glitch
    wait(cnt == 7);
    #1 force clk = 1;
    #1 force clk = 0;
    #1 release clk;
end

initial begin
    reset = 1;
    #20 reset = 0;
    #500 $finish;
end

endmodule

https://www.eetimes.com/document.asp?doc_id=1202359#
[image: ]



http://www.ee.ic.ac.uk/pcheung/teaching/ee2_digital/Lecture%205%20-%20Counters%20&%20Shift%20Registers.pdf   +++++
Eliminating output glitch
https://www.so-logic.net/documents/knowledge/tutorial/Basic_FPGA_Tutorial_Verilog/sec_pwm.html
sinusoide

The PWM outputs are double buffered to avoid glitches caused by duty cycle changes while running.
To avoid glitches on the outputs of the component it was required that all outputs are synchronized. 
https://www.cypress.com/documentation/application-notes/an2141-psoc-1-glitch-free-pwm
http://www.ee.ic.ac.uk/pcheung/teaching/msc_experiment/Lecture%203%20-%20PWM%20FSM%20&%20SPI.pdf

https://www.fpga4student.com/2017/08/verilog-code-for-pwm-generator.html
http://web.mit.edu/6.111/www/f2016/handouts/L07_4.pdf
module pwm_control(clk,rstb, ctrl, pwm);
input	clk;
input	rstb;
input [1:0] ctlr;
ouput y;
reg [10:0] counter;
reg pwm;
always @(posedge clk or negedge rstb)
begin
	if(!rstb)
		counter <= 10’d0;
	else
		counter < = counter;
end



always @(counter)
begin
	out = counter < duty_cycle) ? 1’b1 : 1’b0;
end

always @ (clk)
	pwm <= out

[image: ]
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Can a glitch-free mux be designed in an FPGA
digital design fundamentals kenneth j breeding pdf

[image: ]
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http://www.asic-world.com/code/verilog_tutorial/peter_chambers_10_commandments.pdf  ++++
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https://people.ece.cornell.edu/land/courses/ece5760/Verilog/FreescaleVerilog.pdf
[image: ]
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Meta-stability
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https://books.google.fr/books?id=H-SYCgAAQBAJ&pg=PA317&lpg=PA317&dq=verilog+glitch+output&source=bl&ots=cDLuzKUlI5&sig=ACfU3U1h5Zx0YPlzHP4FMWAMV8UXQ0pNyQ&hl=fr&sa=X&ved=2ahUKEwjpt7TzhuzgAhUjxYUKHTo7BBYQ6AEwBXoECAYQAQ#v=onepage&q=verilog%20glitch%20output&f=false

http://www.ee.ic.ac.uk/pcheung/teaching/ee2_digital/Lecture%207%20-%20FSM%20part%202.pdf 9+++++++++++++
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https://www.intel.cn/content/dam/altera-www/global/zh_CN/pdfs/literature/hb/qts/qts_qii51006.pdf

https://cseweb.ucsd.edu/classes/wi06/cse140L/CSE%20140L-Lecture%207.pdf
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RAMP WAVE GENERATION
Code
`timescale 1ns / 1ps
module Ramp(Ramp,En,Clk,Rst);
output reg [7:0] Ramp;
input En,Clk,Rst;
always@(posedge Clk or posedge Rst)
begin
if (Rst)
Ramp<=0;
else begin
if (En)
begin
Ramp <= Ramp+1′b1;
end
end
end
endmodule

sawtooth waveform

Digital Sawtooth Signal Generation with FPGA

module Counter(
   input Clk,
   output [13:0] Count
   );
 
reg [13:0] Count;
 
   always@(negedge Clk) begin
      if(Count == 9999) Count = 0;
      Count = Count + 1;
   end
 
endmodule

https://gist.github.com/rohit-numato/8c7eafb1f3363beacb15#file-square_wave_top-v

integer i; // 32-bitcomplement
time t; // 64-bit, unsigned
i = 123.456;
r = 123456e-3;
t = 123456e-3;

module sine_wave(output real sine_out);
  import math_pkg::*;
 
  parameter  sampling_time = 5;
  const real pi = 3.1416;
  real       time_us, time_s ;
  bit        sampling_clock;
  real       freq = 20;
  real       offset = 2.5;
  real       ampl = 2.5;
 
  always sampling_clock = #(sampling_time) ~sampling_clock;
 
  always @(sampling_clock) begin
    time_us = $time/1000;
    time_s = time_us/1000000;
  end
  assign sine_out = offset + (ampl * sin(2*pi*freq*time_s));
endmodule 

https://groups.google.com/forum/#!topic/comp.lang.verilog/zs3k_VjVbSI

#include <stdio.h>
#include <math.h>

int main(int argc, const char * argv[])
{
    /* Define temporary variables */
    double value;
    double result;

    /* Assign the value we will find the exp of */
    value = 5;

    /* Calculate the exponential of the value */
    result = exp(value);

    /* Display the result of the calculation */
    printf("The Exponential of %f is %f\n", value, result);

    return 0;
}

result = pow(value1, value2);

#include <stdio.h>
#include <math.h>

#define PI 3.14159265

int main () {
   double x, ret, val;

   x = 45.0;
   val = PI / 180;
   ret = sin(x*val);
   printf("The sine of %lf is %lf degrees", x, ret);
   
   return(0);
}

#include <stdio.h>
#include <math.h>

double I,s;
main()
{
for (I = 1 ; I < 360 ; I++)
{
s = sin( I * 6.28/360);
printf("%f\n",s);
}
}

[image: ]
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http://www.asic-world.com/verilog/pli1.html
https://en.wikipedia.org/wiki/SystemVerilog_DPI
http://www.asicguru.com/system-verilog/tutorial/dpi/14/
[image: ]

http://www.testbench.in/DP_03_IMPORT.html
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`timescale 1ns/10ps

module foo(clk);
     input clk;

     real t0;
     real t1;
     real frequency;

     initial
          begin
               @ (posedge clk) t0 = $realtime;
               @ (posedge clk) t1 = $realtime;
               frequency = 1.0e9 / (t1 - t0);
               $display("Frequency = %g", frequency);
               $finish;
          end
endmodule

[image: ]
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Timing control
Level sensitive timing control
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https://indico.in2p3.fr/event/14305/contributions/17793/attachments/14707/18027/ChFlouzat-Intro2theDigitalFlowInMixedEnv-FrontEnd.pdf

https://books.google.fr/books?id=CGZPGmac9JwC&pg=PA150&lpg=PA150&dq=verilog+bus+glitch&source=bl&ots=KTi-choxKR&sig=ACfU3U3UG4SQ2fXdYrhkqLzUEb4Qr9Difg&hl=fr&sa=X&ved=2ahUKEwjdtNT7gPHgAhUG3uAKHa_6ChcQ6AEwAHoECAMQAQ#v=onepage&q=verilog%20bus%20glitch&f=false ++++
code
[bookmark: _GoBack]https://www.springer.com/gp/book/9783319047881#reviews
image3.tmp
% Blocking vs. Nonblocking Assignments ﬂ

= 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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To avoid glitches it is recommended to register the output of the internal gen-
erated clocks. It is recommended to use the clock generation logic. For low power
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module gated ff (inl,
input cntrl_in, inl, clk,
output outl;

wire gated_clk;
reg d_latch, outl;

always @({cntrl_in,
if (clk)
d_latch <= cntrl_in;
end

assign gated clk = d_latch

always @ (posedge gated clk

if (! reset_n)
outl <= 1'b0;
else
outl <= inl;
end

endmedule

entrl in,

clk, reset_n,

reset_n;

clk) begin

& clk;

or negedge reset_n)

cutl);

begin
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A simple solution to_controller output
glitching is to add a flip-flop to the output

Figure 3.8 shows the laser-timer controller
b

with a a flip-flop added to the x output. The - Eamre s
flip-flop shifts the x output later by 1 clock ogic
cycle, which still results in three cycles high,

but eliminates glitches from propagating to the Heo
 output—only the stable value appearing at State rogistor

the output would be loaded into the flip-flop
on a rising clock edge. An output with a flip- [

flop added is called a registered output (think

of the flip-flop as a one-bit register). Reg
tered outputs are very common and should be
used whenever there is any concern of glitches
causing problems and when the shifting of the
output later by one clock plable.

If the one cycle shift s not acceptable, an
altemative registered output solution is to
widen the state register such that each con-
troller output X3 has its own bit N3 in the
state register, and to encode each state Sk
such that N3 s 1 whenever X3 is assigned 1
n that state, and such that N is 0 otherwise,
Then, the output X3 should be connected
directly from bit Nj of the state register. Figure 389 Laser imer stte encoding with an
Because there will be no logic between the  extra bit corresponding to output .
flip-flop for N5 and the output X3, X3 will
not experience glitches.

igure 3,88 Laser timer controller with
istered output o prevent gitches.

Inputs:b_ Outputs: x

Figure 3.89 shows an encoding for the N
laser timer FSM where a bit has been added [ Gombination
o the encoding corresponding 1o output x. logic }y
‘The state encoding for state Off (which sets 14f
x 1o 0) has a 0 in that bit location, and has a stleplex
1 in the other three states (which set x 0 1) State registor
Figure 3.90 shows how the controller would
then connect x directly with its corre- t
sponding state register bit. Figure 390 Laser timer controller with x

ich of the above approaches has a  connceted to its tat register bt

drawback. The first approach shifts the

outputs by one clock cycle and uses extra lip-flops. The second approach uses a wider
state register and more combinational logic to compute the next state. Registered outputs
therefore should be used when glitches should be avoided, like when the output controls
alaser. In other cases, like in Chapter 5's use of controllers, the glitches don't cause prob-
lems and thus registered outputs aren't needed.
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7.2.6 Output Glitches

A glitch in synchronous sequential machines is any false or spurious electronic signal. These narrow,
unwanted pulses wreak havoc in digital systems if the glitch occurs on an output signal. For
example, the output signal of a logic circuit may connect to the clock input of a counter and produce
eroneous results. Therefore, eliminating output gltches is extremely important, even at the expense
of additional logic.

In synchronous systems, glitches can occur in the time period between the active clock transition
and circuit stabilization. This is shown in Figure 7.74 and is indicated by the time duration t. It is
during this time, when the machine is changing states, that the outputs are susceptible to glitches.

Due to varying propagation delays of the intemal logic of the storage elements, the machine may
enter an unstable, or transient, state. Although momentary in duration, this transient state can cause
an output glitch in both Moore and Mealy machines if the output is decoded directly from the p-tuple
state codes. If the outputs are enabled at time f, then glitches that occur during the period of
instability are of no consequence — the machine has long since stabilized. Techniques will now be
presented to elim-inate output glitches.

Yo H Vi

+elock

1

t_‘ Circuit is unstable. Glitches J

can oceur in this time period
‘when the machine changes
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module fsml (ds, rd, go, ws, clk, rst n);

output ds, rd;
input go, ws;
input clk, rst n;
reg  ds, rd;

parameter [1:0] IDLE = 2'b00,
READ = 2'b01,
DLY = 2'b10,
DONE = 2'b11;

reg [1:0] state, next

always @(posedge clk or negedge rst_m)
if (Irst n) state <= IDLE;
else state <= next;

always @(state or go or ws) begin
next = 2'bx;
ds = 1'b0;
rd = 1'b0;
case (state)
IDLE: if (go) next

else next

READ: begin rd =
next =

end
DLY: begin rd =
1f (ws) next =
else  next =

end

DONE: begin

end

endcase
end
endmodule

«—

T~

Next state & outputs,
combinational always
block
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Crossing Clock Domains

Moving information from one clock domain to another is rather like descending
into Dante’s inferno. All sorts of evils lie in wait to beset the naive. Setup and
hold violations, metastability conditions, unreliable data, and other perils are
manifest when moving from one clock domain to another. Indeed, the whole
issue of synchronization might merit its own article. Here, a few tips will be pre-
sented which might help in resolving the block-to-block synchronization issues.
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Glitches

» Signals can briefly have wrong values
— Due to logic delays and how they play together

* Example: 4-bit adder
— Inputs were 0000 and 0000, output is 0000
— Inputs change to 0001 and 1111, output stays 0000
— Actually, output changes briefly, then becomes 0000
« Why?
— Let’s just look at the MSB part of the adder
— Takes two inputs and carry, produces output bit

— Problem: takes time for carry to arrive,
meanwhile MSB output is 1
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Glitch demo

reg [3:0] cntrl,cntr2;

initial begin Remember: This
cntrl = 4'h0; i
e o, Two counters that ;:oncatenateslygnals
end start at O and r_om_frnost::)_ e_ast
. count in opposite signf |cath its:
always @ (posedge mykey[3]) begin directi LEDG[7]is O
cntrl <= cntrl+4'hl; Irections LEDG[6] is sumnz
cntr2 <= cntr2-4'hl; N
end LEDG[5:2] is sum

LEDG[1:0] is nzCnt

wire [3:0] sum = cntrl + cntr2; // Should always be 0000
wire sumnz = (sum != 0); // Should always be 0

Counts how many
times sumnz
became 1

reg [1:0] nzCnt;
initial nzCnt = 0;
always @ (posedge sumnz) nzCnt <= n

assign LEDG = {1'b0,sumnz,sum,nzCnt}; // Display these values on LEDG
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Step 2A: Synchronize buttons

// button
// push button synchronizer and level-to-pulse converter

// OUT goes high for one cycle of CLK whenever IN makes a
// Tow-to-high transition.

module button(
input clk,in,
output out
J;
reg rl,r2,r3;
always @(posedge clk)

synchronizer state
begin
rl <= in; // first reg in synchronizer
r2 <= ri; // second reg in synchronizer, output is in sync!
r3 <= r2; // remembers previous state of button

end

// rising edge = old value is 0, new value is 1
assign out = ~r3 & r2;
endmoduTle

6.111 Fall 2017 Lecture 6 18
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7.4 Glitches

Glitches are the short duration pulses which are generated in the combinational circuits. These are generated
when more than two inputs change their values simultaneously. Glitches can be categorized as ‘static glitches’ and
‘dynamic glitches’. Static glitches are further divided into two groups i.e. ‘static-0’ and ‘static-1’. ‘Static-0 glitch
is the glitch which oceurs in logic ‘0 signal i.e. one short pulse i.e. ‘high-pulse (logic-1) appears in logic-0 signal
(and the signal settles down). Dynamic glitch is the glitch in which multiple short pulses appear before the
signal settles down.

Note: Most of the times, the glitches are not the problem in the design. Glitches create problem when it occur
in the outputs, which are used as clock for the other circuits. In this case, glitches will trigger the next circuits,
which will result in incorrect outputs. In such cases, it is very important to remove these glitches. In this section,
the glitches are shown for three cases. Since, clocks are used in synchronous designs, therefore Section Section
7.4.3 is of our main interest.





image14.tmp
// glitchEz.vhd
// 231 Wultiplezer using logic-gates
module glitchEx(

input wire in0, in1, sel,
output wire z

wire not_sel;
wire and_outl, and_out2;

assign not_sel = “sel;

assign and_outl = not_sel & in0;
assign and_out2 = sel & in!
and_outl | and_out2; // glitch in signal z

// // Comment above line and uncomment below lime to remove glitches
// z <= and_outl or and_out2 or (in0 and inl);
endmodule
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Clock Gating

= Power is reduced by two mechanisms
- Clock net toggles less frequently, reducing f
- Registers’ internal clock buffering switches less often

™ |

. d gq dout enf
din j)

en

} FSM
ckk— |V ck

Execution
enE
* ._} Unit

din d q dout

Memory

en _} qn enM } Control
clk— clk clk——

Local Gating Global Gating
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2.6 Output Glitches

A glitch in synchronous sequential machines is any falsc or spurious clectronic signal.
These narrow, unwanted pulses wreak havoc in digital systems if the glitch occurs on
an output signal. Therefore, eliminating output glitches is extremely important, even
at the expense of additional logic.

In synchronous sequential machines, glitches can occur in the time period
between the active clock transition and circuit stabilization. It is during this time,
when the machine is changing states. that the outputs arc susceptible to glitches.
Although momentary in duration, this transient state can cause an output glitch in both
Moore and Mecaly machines. If the outputs are cnabled at time ;. then glitches that
occur during the period of instability are of no consequence — the machine has long
since stabilized. Three methods will be presented, together with the Verilog designs,
to climinate output glitches

1. State code assignment
2. Complemented clock
3. Delayed clock
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* Glitch
- Change of output due to timing issues
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module synchronizer(async_in, clk, rst_n, sync_out);

//This circuit performs the synchronization of async input with clock

input async_in, clk, rst_n;

output sync_out;

reg syncl, sync2;

always@(posedge clk or negedge rst_n)
begin

if(~rst_n)

begin
syncl<=1'be;
sync2<=1'be;

end

else

begin
syncl<=async_in;
sync2<=syncl;
end

end

assign sync_out=sync2;

endmodule
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#include <conio.h>

2 initgraph(agd, &gm, )5
13 line(e, getmaxy() / 2, getmaxx(), getmaxy() / 2);

16| for(x = 0 x < getmaxx(); x+=3) {

b y = 50%sin(angle*3.141/150);
4 3 gty (072 - 33
putpixel(x, y, 15);
Gelay(100);
angler=s;
¥
getch();

closegraph();

return 0

¥

Program Output
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I* ¢ program to plot the sine wave using files */
#include<stdio.h>
#include<stdlib.h>

#include<math.h> 1* for sin() function */
#define Pl 3.141414 I* assigning Pl to its value */
int main()
{
int am,fm; /* amplitude and frequency */
float t.temp; /I t for time scale */
float mt;

FILE "pf; /" file declaration */
printf("enter am,fm: ");

scanf("%d%d",&am,&fm); I* read am, fm from user */
pf=fopen("Imn.txt","w"); /* opening file on your disk to write the
data */
temp=2/(float)fm;
for(t=0;t<temp;t=t+(temp/200)) 1 loop for taking different values of
sine function®/
{
mt=am™sin(2*PI*fm™t);
fprintf(pf,"%Mt%MAn" t mt); I* print to file */
}
felose(pf); I close the file™/
return 0;
}

Sample input:

1000
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SystemVerilog DPI Tutorial
[SystemVerilog Layer]

Next: Imported functions

Since its version 3.1 onward, SystemVerilog has introduced one of the most powerful foreign
language interfaces since VPL. Named DPI, it allows you to inter-mingle C and Verilog with
unprecedented ease and elan. This tutorial demystifies the black magic of SystemVerilog DPI for
you and teaches you how to take advantage of its various features in your simulation
environment.

What is DPI?

Direct Programming Interface or DPI is an interface between SystemVerilog and C that
allows inter-language function calls. This means a SystemVerilog task or function can call a C
function. And conversely, a C language function can call a SystemVerilog task or function. A C
function call from the SystemVerilog side will look identical to any other SystemVerilog task or
function call. Similarly, a SystemVerilog task or function call from the C side is no different from
any other C function call (see Figure 1). And best of all, you can do all these without any
knowledge or overhead of PLI or VPL.

SystemVerilog c

void hello_sv() {
printf ("Hello from C\n");

'bl)

hello_sv(); )
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g . SUTHERLAND
Overview of the DPI Hp

Training Eng:
to be HOL w

* The SystemVerilog Direct Programming Interface:
— “Imports” C functions into Verilog
— Provides a new way to define a Verilog task or function

module chip (...);

import "DPI" function real sin(real in); //sin function in C math lib

always €(a, b, opcode)
case (opcode) //call function
SINE: result = sin(a)m\

Verilog code thinks it is calling a native Verilog task or function

* Using the SystemVerilog DPI
— Verilog code can directly call C functions
— Verilog code can directly pass values to and from C functions
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j++) fprintf(fp,"\t%.3e\t%.3f\n", j*tTR/N, VIf* (1-exp (- (j*tTR/N) /tau)));
is replaced by:

for ( j++) fprintf(fp, "\t%.3e\ts.3£\n", J*LTR/N, (VIE-VIi) *exp (- (J*tTR/N) /tau));
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Table 3-4  String Format Specifications

Format Display
%d or %D Display variable in decimal

%b or %B Display variable in binary

%s or %S Display string

%h or %H Display variable in hex
%c or %C Display ASCII character

%m or %M Display hierarchical name (no argument required)
%V or BV Display strength

%0 or %0 Display variable in octal

%t or BT Display in current time format

%e or %E Display real number in scientific format (e.g., 3¢10)
%f or %F Display real number in decimal format (e.g., 2.13)

%g or %G Display real number in scientific or decimal, whichever is shorter
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6.4.8 Concatenation Operator

The concatenation operator ( {, } ) provides a mechanism to append multiple
operands. The operands must be sized. Unsized operands are not allowed
because the size of each operand must be known for computation of the size of
the result.

Concatenations are expressed as operands within braces, with commas separating

the operands. Operands can be scalar nets or registers, vector nets or registers,
bit-select, part-select, or sized constants.

// A =1'bl, B=2'b00, ¢ =2'bl0, D = 3'b110

Y = {B, C} // Result Y is 4'b0010
Y={a,B, C, D, 3'b001l} // Result Y is 11'b10010110001

Y {A , B[0], C[1]} // Result Y is 3'bl01
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x =0; y=1; z = 1; //Scalar assignments
count = 0; //Assignment to integer variables
reg_a = 16'b0; reg_b = reg_a; //Initialize vectors

reg_al2] <= #15 1'bl; //Bit select assignment with delay
reg_b[15:13] <= #10 {x, y, z}; //Assign result of concatenation
//to part select of a vector
count <= count + 1; //Assignment to an integer (increment)
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always
wait (count_enable) #20 count = count + 1;
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Delay Control (#)

o Expression specifies the time duration between

initially encountering the statement and when the
statement actually executes.

o Delay in Procedural Assignments
* Inter-Statement Delay
* Intra-Statement Delay

o For example:
* Inter-Statement Delay

#I0A=A+[;

* Intra-Statement Delay

A=#I0A+ [;
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For Example:
© wait (A ==3)
begin
A = B&C;
End
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reg toggle;

//initialize toggle
initial
toggle = 1'b0;

//Flip the toggle register every 5 time units
//In this module 5 time units = 5 s = 5000 ns
always #5
begin
toggle = ~toggle;
$display("$d , In %m toggle = %b ", Stime, toggle);
end
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//Multichannel descriptor
integer handlel, handle2, handle3; //integers are 32-bit values

//standard output is open; descriptor = 32'h0000_0001 (bit 0 set}

initial

begin
handlel = $fopen(“filel.out”); //handlel=32'h0000_0002 (bit 1 set)
handle2 = $fopen(“file2.out”); //handle2=32"'h0000_0004 (bit 2 set)
handle3 = $fopen(“file3.out”); //handle3 =32'h0000_0008 (bit 3 set)

end
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module test;

reg [7:0] memory[0:7]; //declare an 8-byte memory
integer i;

initial
begin
//read memory file init.dat. address locations given in memory
$readmemb("init.dat", memory);
//display contents of initialized memory
for(i=0; i < 8; i =i + 1)
$display("Memory [%0d] = %b", i, memory[il);
end

endmodule




image34.tmp
//Pin~-to-pin delays

module M (out, a, b, ¢, d);
output out;

input a, b, ¢, 4;

wire e, f;

//Specify block with path delay statements

specify
(a => out) = 9;
(b => out) = 9;
(c => out) = 11;
(d => out) = 11;
endspecify

//gate instantiations
and al(e, a, b);

and a2(f, ¢, d);

and a3 (out, e, f);
endmodule
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Synchronizers for Asynchronous Signals

Asynchronous signals causes the big issue with clock domains, namely
metastability. This is a situation where the clock domain trying to
capture the asynchronous event goes into a metastable state. Is the
asychronous signal a logic 1" or a logic "0” state? For now we ignore
the voltage value because metastabllity is independent of voltage.

Metastability cannot be prevented but it can be reduce. High-speed
digital circuits rely on synchronizers to create a time buffer for
recovering from 3 metastable event, thereby reducing the possibiity
that metastability will cause a circuit to malfunction.

EDA companies such as Synopsys,Cadence and Mentor Graphics,
create software to automatically read verilog code and detect
synchronization problems.  The number one rule is to NOT
synchronize inputs by more than one synchronizer. The outputs of
multiple synchronizers can produce different synchronized signals.

There are two basic types of synchronizers: 1) Asynchronous signal
wider than the clock period of the synchronizer clock domain and 2)
Asynchronous signal smaller than the clock period of the synchronizer
clock domain.

Asynchronous signal > Synchronizer clock period

async_in meta synch_out
D Q| D Q|

Pr Br

clock

reset
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module event_control(in,ctrl,clock,out);

input [31:0] in;
input [2:0] cerl;
input clock;
output [31:0] out;

reg [31:0] out;
wire pkt_done;

event received;
assign pkt_done = Acerl;

always @(posedge clock)
begin
1f(pke_done) begin
Sdisplay("Event - Triggered");
~>received:
end
end

always @(received) begin
Sdisplay("Event © Received”);
out = in + 100;

end

endnodule
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Parameterized register model - Verilog-1995 style ~ Parameterized register model - Verilog-2001 style

module myreg(q, d, clk, rst n); module myreg
parameter SZ=8; #(
output [8Z-1:0] q; parameter SZ=8
input [SZz-1:0] 4; )
input clk, rst n; (
reg [SZ-1:0] q; output reg [SZ-1:0] qa;
input [SZ-1:0] d;
always @ (posedge clk or negedge rst n) input clk
begin input rst n;
if ('rst n) q <= 0; )
else q <= d; always @ (posedge clk or negedge rst n)
end begin
endmodule if ('rst_n) q <= 0;
else q <= d;
end

endmodule




image37.tmp
irun ./source/hdl/*.v ./source/tb/ tb_counter.v -gui -access +rwc
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If designed into an ASIC (Application Specific Integrated Circuit),
synchronizer is typically put into a special library cell to keep the
back to back D flip-flop close to each other functionally and
minimize any clock skew in the ASIC. In addition, as a rule of thur
this synchronizer usually has a special cell name like “sync_
meaning synchronize slow input signal.

Verilog code for above synchronizer
module sync_ss (clk, async_in, reset);
input clk, async_in, reset;

output synch_out;

always @(posedge clk)

if (reset)

meta <= 150;

sync_out <= 1'60;

else

meta <= async_in;

sync_out <= meta;

endmodule




