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MATLAB/ C/ C++/ System C/  

ADS/ Covergen (MaxSim) 

NC-Verilog/ ModelSim 

Debussy (Verdi)/ VCS 
Verilog/ VHDL 

Design/ Power Compiler 

DFT Compiler/ TetraMAX 

NC-Verilog/ ModelSim 

Debussy (Verdi)/ VCS 

SOC Encounter 

DRC/ LVS (Calibre) 

PVS: Calibre xRC/ NanoSim 

(Time/ Power Mill) 
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 Conformal/ 

Formality 

Memory Generator 

Syntest 

Spec. 

Tape Out 

GDS II 

System Level 

RTL Level 

Logic Synthesis 

Design for Test 

Gate Level 

Layout Level 

Post-Layout  

Verification 



ÅA high-level programming language with special constructs to 

model the function of hardware logic circuits 

üDescribe the connectivity of the circuit 

üDescribe the functionality of a circuit 

üDescribe a circuit at various levels of abstraction 

¸Behavior 

¸Function 

¸Structure 

üDescribe the timing of a circuit 

üExpress concurrency 
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ÅVerilog is a hardware description language 

üVerilog models digital electronic systems  

üVerilog lets you model at various levels of abstraction 

üVerilog les you develop tests to verify the functionality of the devices you 

model 
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ÅBehavioral 

üDescribes a system by the flow of data between its functional blocks 

üSchedules assignments at functional boundaries only when necessary 

ÅRegister Transfer Level (RTL) or Functional 

üDescribe a system by the flow of data and control signals within and 

between functional blocks 

üDefines the model in terms of cycles, based on a defined clock 

ÅGate Level (Structural) 

üModels components by connecting primitives or low-level components 

(gates) for greater accuracy, especially in timing 
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ÅDescribe the design without implying any specific internal 

architecture 

üUse high level constructs (@, case, if, repeat, wait, while) 

üUsually use behavioral construct in testbench 

üSynthesis tools accept only a limited subset of these 
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module SMUX(out, a, b, sel); 

output out; 

input a,b,sel; 

wire out; 

assign out = (sel) ? a : b ; 

endmodule 

SMUX 

a 

b 
out ? 

sel 



ÅDescribe the design in sufficient detail that synthesis tools can 

construct the circuit 
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module SMUX(out, a, b, sel); 

output out; 

input a,b,sel; 

reg out; 

always @(a or b or sel)begin 

  if (sel) 

    out=a; 

  else 

    out=b; 

end 

endmodule 

SMUX 

a 

b 
out 

sel 



ÅSynthesis tools produce a purely structural design description 
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module SMUX(out, a, b, sel); 

output out; 

input a,b,sel; 

wire sel_n,t1,t2; 

not U0(sel_n,sel); 

and U1(t1,a,sel); 

and U2(t2,b,sel_n); 

or  U3(out,t1,t2); 

endmodule 

SMUX 

a 

b 

out 

sel 

Sel_n 
t2 

t1 
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Verilog Simulator 
Verilog  Parser 

Simulator Engine  User Interface  

Graphic Sim ulation  Results  

Circuit Description 

module 

ALU(s,cout,ctr,a,b,cin); 

input a,b,cin; 

é 

é 

endmodule 

Test bench 

module text_bench; 

reg a,b,cin; 

é 

é 

endmodule 

Text Mode Sim ulation  Results  
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ÅTemplate 
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//----------- 

// Header 

//----------- 

 

module module_name( 

port_names 

); 

ÅPort declaration          //comment 

ÅData type declaration //comment 

ÅTask & function declaration 

ÅModule functionality or structure 

ÅTiming Specification 

endmodule 

//---------------------------- 

// This is sample code. 

// The function is ALU. 

//---------------------------- 

 

module ALU(a,b,sel,out); 

//Port declarations 

input [7:0] a,b; //Data in 

output[7:0]out; //Data out 

input [2:0]sel; //Control select 

//Data type declaration 

reg [7:0]out; 

wire é 

é 

//Module functionality or structure 

always@(...)begin 

é 

end 

é 

endmodule 



ÅMake sure your code is Readable, Modifiable, and Reusable. 

ÅGood coding style helps to achieve the best compile times and 
synthesis results. 
üTestability 

üPerformance 

üSimplification of static timing analysis 

üGate-level circuit behavior that matches that of the original RTL code 
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ÅSimple and regular 
üUse simple constructs and simple clocking schemes 

üConsistent coding style, consistent naming and state machines 

üRegular partitioning scheme  

üEasy to understand by comments and meaningful names. 

No hard coded number  
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ÅNaming Conventions 
üUse lowercase letters for all signal names, and port names, versus 

uppercase letters for names of constants and user-defined types. 

üUse meaningful names.  

üFor active low signals, end the signal name with an underscore followed by 
a lowercase character (e.g., rst_ or rst_n) 

üwŜŎƻƳƳŜƴŘ ǳǎƛƴƎ άōǳǎώ·Υлϐέ ŦƻǊ Ƴǳƭǘƛ-bit signals. 
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ÅInclude Headers in Source Files and Comments 
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Regular 



ÅIndentation 
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ÅPort Maps and Generic Maps 

 

 

 

Always use explicit mapping for ports and 

generics, using named association rather 

than positional association 



ÅUse Functions or Tasks: 
üWhich Instead of repeating the same sections of code 
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ÅTemplate 
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module testbench; 

ÅData type declaration 

ÅInstantiate modules 

ÅApplying stimulus 

ÅMonitor signals 

endmodule 

//----------------------------------------------- 

// This is testbench of sample code. 

// The function is ALU. 

//----------------------------------------------- 

module test_ALU; 

reg [7:0] A,B; 

reg[2:0]SEL; 

wire[7:0]  OUT; 

 

ALU U0(.a(A),.b(B),.sel(SEL),.out(OUT)); 

 

always #5 B=~B; 

Initial begin 

  A=0;B=0;SEL=0; 

  #10  A=0;SEL=1; 

  #10  SEL=0; 

  é.. 

  #10  SEL=1; 

  #10  $finish; 

end 

 

initial 

  $monitor($time,"a=%b b=%b sel=%b out=%b",a,b,sel,out); 

initial begin 

 $fsdbDumpfile("ALU.fsdb"); 

  $fsdbDumpvars; 

end 

endmodule 

Compare this with your design! 



ÅSimulation Related Tasks 

üTerminate simulation 

¸$finish; 

üText-based output 

¸$monitor($time,"a=%b b=%b sel=%b out=%b",a,b,sel,out); 

¸$display("time=%d clk=%b out=%b",$time,clk,out); 

üGraphic waveform dump 

¸initial begin 

  $fsdbDumpfile("file_name.fsdb"); 

  $fsdbDumpvars; 

    end 
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ÅSingle-line comments begin with "//" and end with  a new-line 

character 

ÅMultiple-line comments start with "/* " and end "*/ " 
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//---------------------------- 

// This is sample code. 

// The function is ALU. 

//---------------------------- 

module ALU(a,b,sel,out); 

//Port declarations 

input [7:0] a,b; //Data in 

output[7:0]out; //Data out 

input [2:0]sel; //Control select 

//Data type declaration 

reg [7:0]out; 

wire é 

é 

//Module functionality or structure 

always@(...)begin 

é 

end 

é 

endmodule 



ÅIntegers can be sized or unsized. Sized integers are represented as  

ü<size>ô<base><value> 
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Value Description  

8õb01101001  8- bit binary  

64õhff01  64 - bit hexadecimal  

4õd12  Decimal  

20õbz01x  Z- extended  to 20 bits  

3õb10101101  3- bit number,  truncated to 3õb001 

9õo17  9- bit octal  



ÅVerilog is case sensitive. For example, sel and SEL are different 

identifiers 

ÅThe "$" sign denotes Verilog system tasks and functions 

üEx: $finish, $fsdbdumpvars, éetc 

ÅThe pound sign(#) character denotes the delay specification 
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ÅThe `define compiler directive provides a simple text-substitution 

facility 

ü`define <macro_name> <macro_text> 
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éé 

`define STATE_A  4ôb0000; 

`define STATE_B  4ôb0001; 

é 

if(pr_state == `STATE_A)begin 

   é 

end  

else if(pr_state == `STATE_B)begin 

   é 

end  

é 

 

endmodule 



ÅParameter 

üparameter <macro_name> = <macro_text> 
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éé 

parameter STATE_A = 4ôb0000; 

parameter STATE_B = 4ôb0001; 

é 

if(pr_state == STATE_A)begin 

   é 

end  

else if(pr_state == STATE_B)begin 

   é 

end  

é 

 

endmodule 



ÅUse the ̀include complier directive to insert the contents of an 

entire files 

ü`include "alu.v" 

 `include "../../lib/mem.v" 

ÅYou can use `include  to: 

üInclude global or commonly used definitions, such as text macros 

üInclude tasks without encapsulating repeated code within module boundaries 
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Å`timescale compiler directive declares the time unit and precision 

ü`timescale <time_unit>/<time_precision> 

ü`timescale 1ns/100ps 
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ÅVerilog Logic Values 
üThe underlying data representation allows for any bit to have one of four values 

ü1, 0, x (unknown), z (high impedance) 

üx ð one of: 1, 0, z, or in the state of change 

üz ð the high impedance output of a tri-state gate 

ÅWhat basis do these have in reality? 
ü0,1 ð no question 

üz ð  

¸ A tri -state gate drives either a zero or one on its outputéand if itôs not doing that, its output is high 

impedance (z) 

¸ Tri-state gates are real devices and z is a real electrical affect 

üx ð not a real value   

¸ There is no real gate that drives an x on to a wire 

¸x is used as a debugging aid 

¸x means the simulator canôt determine the answer and so maybe you should worry!   

¸All values in a simulation start as x 
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Å4-value logic system in Verilog 
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ÅLogic with multi-level logic values 
üLogic with these four values make sense 

¸Nand anything with a 0, and you get a 1.  This includes having an x or z on the other input.  

Thatôs the nature of the nand gate 

¸Nand two xôs and you get an x ð makes sense! 

üNote: z treated as an x on input 

¸Their rows and columns are the same 

üIf you forget to connect an input é it will be seen as an z 

üAt the start of simulation, everything is an x 
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  NAND 0 1 x z 

  0 1 1 1 1 

  1 1 0 x x 

  x 1 x x x 

  z 1 x x x 

A 4-valued truth table for a Nand gate with two inputs 

In
p
u
t 
A

 
Input B 

A 
B 



ÅThere are three major data type classes in Verilog: 

üNets: (default data type:wire, é) 

¸Represent physical connection between devices 

üRegisters: (data type: reg, integer, é) 

¸Represent abstract storage elements 

üParameters: (default data type:parameter) 

¸Are run-time constants 
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ÅNets are continuous driven by the devices that drive them 

üThese devices include gates and modules 

ÅVerilog automatically propagates a new value onto a net when the 

drivers on the net change value 

ÅThis means that whatever value is on the or gate will be 

automatically driven onto net out 
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SMUX 

a 

b 

out 

sel 

Sel_n 
t2 

t1 



ÅA register holds its value until a new value is assigned to it 

ÅRegisters are used extensively in behavioral modeling and in 

applying stimuli 

ÅUse behavioral constructs to apply values to registers 

Advanced Reliable System Lab.  
 36  



ÅNet declarationǛ 

ü<net_type> [range] <net_name>[, net_name]*  

ÅRegister declarationǛ 

ü<reg_type> [range] <reg_name>[, reg_name]*  

ÅEXǛ 

üwire [4:0] a,b; 

üreg [7:0]bus_in; 

üreg sel_a,sel_b; 
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net 

Input port Output port 

Inout port 

net/register net net/register 

net 

net 

Module Boundary of DUT 

module top;  
wire y;  
reg  a,b; 
DUT U1(.Y(y),.A(a),B(b));  
initial begin  
   a=0;b=0;  
  #5 a=1;  
end  
endmodule  

module DUT(Y,A,B);  
input A,B;  
output Y;  
wire Y,A,B;  
  and(Y,A,B);  
endmodule  



ÅYou make a procedural assignment to a signal that you either 

declared as a net or you forgot to declare 

üThis is an illegal assignment 

ÅYou connect an output from an instance to a signal declared as a 

register 

ÅYou declare a signal as module input and as a register 

üThese are incompatible declarations 
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ÅUse parameters to declare run-time constants 

ÅYou can use a parameter anywhere that you can use a literal 

ÅParameter is local, known only to the module in which they are 

defined 

ÅEXǛ 
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module mod1_TEST;  
parameter cycle= 10;  
é 
always #( cyc) clk  = 
~clk ; 
é 
endmodule  

module mod1( a,b,c ); 
parameter WIDTH = 5;  
é 
wire [WIDTH - 1:0] w1;  
é 
endmodule  



ÅAn array if the datatype reg is often called a memory 

üreg [15:0] MEM [0:1023] //1K x 16-bit memory array 

üreg [7:0] MEM [0:1023] //1K x 8-bit memory array 

üparameter WORD_SIZE=16; 

 parameter MEM_SIZE=1024; 

 reg[WORD_SIZE-1:0] MEM[MEM_SIZE-1:0]; 
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ÅSimulators 

üVerilog-XL, NC Verilog, Altera Quartus, ModelSim and etc. 

ÅSynthesizers 

üDesign vision, Ambit, and éetc 

ÅDebugger and verification tools 

üDebussy, nWave, nLint, and éetc 

ünLint can check the correctness of  your codeôs syntax 
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//alu.v 

/* This is sample code. 

The function is ALU. 

*/ 

module ALU( 

a, 

b, 

sel, 

out 

); 

input [7:0] a,b; //Data in 

output[7:0]out; //Data out 

input [2:0]sel; //Control select 

 

reg [7:0]out; 

wire é 

é 

always@(...)begin 

é 

end 

é 

endmodule 

//t_alu.v 

/* This is testbench of sample code. 

The function is ALU. 

*/ 
module test_ALU; 

reg [7:0] A,B; 

reg[2:0]SEL; 

wire[7:0]  OUT; 

 

ALU U0(.a(A),.b(B),.sel(SEL),.out(OUT)); 

always #5 B=~B; 

initial 

begin 

  A=0;B=0;SEL=0; 

  #10  A=0;SEL=1; 

  #10  SEL=0; 

  é.. 

  #10  SEL=1; 

      #10     $finish; 

end 

initial begin 

 $fsdbDumpfile("ALU.fsdb"); 

  $fsdbDumpvars; 

end 

endmodule 



ÅMethod 1Ǜ 

üverilog alu.v t_alu.v 

üncverilog alu.v t_alu.v +access+r 

ÅMethod 2Ǜ 

üUsing additional file alu.f 

   alu.v 

   t_alu.v 

üverilog -f alu.f 

üncverilog -f alu.f +access+r 

ÅMethod 3Ǜ 

üUsing additional description `include "module_file" 
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