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Hardware Description Language (HDL)

A A high-level programming language with special constructs to
model the function of hardware logic circuits
U Describe the&onnectivity of the circuit
U Describe thdunctionalityof a circuit

U Describe a circuit at various levels of abstraction
. Behavior
. Function
. Structure

U Describe the timing of a circuit

U Express concurrency

— ——
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Verilog

A Verilog is a hardware description language
U Verilog models digital electronic systems
U Verilog lets you model at various levels of abstraction

U Verilog les you develop tests to verify the functionality of the devices yol
model

ﬁ Advanced Reliable Sy/stem Lab.
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Levels of Abstraction

A Behavioral
U Describes a system by the flow of data between its functional blocks
U Schedules assignments at functional boundaries only when necessary

A Register Transfer Level (RTL) or Functional

U Describe a system by the flow of data and control signals within and
between functional blocks

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

A Gate Level (Structural)

U Models components by connecting primitivesaw-level components
(gates) for greater accuracy, especially in timing

\ d
$ Advanced Reliable Sy/stem Lab.
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Behavior Level Abstraction(1/2)

A Describe the design without implying any specific internal

architecture

U Use high level constructs (@, case, if, repeat, wait, while)
U Usually use behavioral constructtestbench
U Synthesis tools accept only a limited subset of these

module SMUX(out, a, b, sel);
output out;

input a,b,sel;

wire out;
assignout=(sel)?a:b;
endmodule

SMUX
a__
2 > out
b—>
sel
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Behavior Level Abstraction(2/2)

A Describe the design in sufficient detail that synthesis tools car
construct the circuit

module SMUX(out, a, b, sel); SMUX
output out;

a
input a,b,sel; — out
reg out; b —>
always @(a or b or sel)begin

if (sel) T
out=a;
else
out=b;
end
endmodule

sel

— S —
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Structural Level Abstraction

A Synthesis tools produce a purely structural design description

SMUX
b .
‘ IE - out
sel t
a

module SMUX(out, a, b, sel);
output out;

input a,b,sel;

wire sel_n,tl1,t2;

not UO(sel_n,sel);

and Ul(tl,a,sel);

and U2(t2,b,sel_n);

or U3(out,t1,t2);

endmodule

— S —
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Verilog Simulation

Circuit Description Test bench
module module text_bench;
ALU(s,cout,ctr,a,b,cin); reg a,b,cin;
input a,b,cin; e
e e
e endmodule
endmodule

U

Verilog Simulator

Verilog Parser

Simulator Engine User Interface

Qraphic Sim ulation Results> th Mode Sim ulation Results>

\ d
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Verilog Module i

A Template
e —— [[ == mmmmmm e
/l This is sample code.
/' Header /l The function is ALU.
[f==mmmmameae- .
module module_name( module ALU(a,b,sel,out);
- //Port declarations
port_names input [7:0] a,b; /[Data in
); output[7:0]out; //Data out

MPort declaration

Ariming Specification
endmodule

/[[comment

Mata type declaration //comment
Arask & function declaration
Aodule functionality or structure

input [2:0]sel; //Control select
//Data type declaration

reg [7:0]out;

wire €

é

//Module functionality or structure
always@(...)begin

é

end

é

endmodule

Advanced Reliable System Lab.
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Importance of Coding Style

A Make sure your code Readable Modifiable, andReusable

A Good coding style helps to achieve the best compile times ant
synthesis results.
U Testability
U Performance
U Simplification of static timing analysis
U Gatelevel circuit behavior that matches that of the original RTL code

— ——
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Basic Coding Practices

A Simple and regular
U Use simple constructs and simple clocking schemes
U Consistent coding style, consistent naming and state machines
U Regular partitioning scheme
U Easy to understand by comments and meaningful names.

No hard coded number

— ——
$ Advanced Reliable Sy/stem Lab.
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Basic Coding Practices (Cont’)

A Naming Conventions

U Use lowercase letters for all signal names, and port names, versus
uppercase letters for names of constants and udefined types.

U Use meaningful names.

U For active low signals, end the signal name with an underscore followed
a lowercase character (e.gst_orrst_n)

GiwSO2YYSYR dzaAy 3 -bitGignalso: Yn6 & F2NJ Y

— ——
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Basic Coding Practices (Cont’)

A Include Headers in Source Files and Comments

AGRES Lab. EE Dept. NCU, Thongli, TaIWaM 320
http: Jfares. neu. edu. tws
Project : SOFT—ERROR—MITIGCATIOM BIST & DIAGHOSIS DATS COMPRESSIONM TECHMIQUES FOR HOY PROTECT
Modu1e : hist
Tin—Fu Li
Tsu—"ei Tseng, Chun—Hsien Wu
ifli@ee. ncu. edu. tw (Tin—Fu LiJ
9252101 3@cC. ncu. edu. tw (Tsu—"ei Tsengl
935210298 C. nou. edu. tw CChun—Hsien Wul
200708
Top module of the MBIST. This module consists of CTR, and Test Pattern Generator (TPGD

WERN T
Cs_T,
OE_T.
DI_T.,
AGDODOR_T.,
cmd_done .

iy Regular
test_done

F

ff——Paramete
parameter INIT_ADR_N
parameter FIN_ADRE_MU
parameter WORD_LEN

parameter ADR_LEM

parameter RowW_ADE_LE
parameter COL_ADR_LEN
parameter BIT_ADR_LEN
parameter EXP_COUNT

¥"boooooo0o; SAINITIAL ADDRESS OF THE ADDR COUNTER

A b11111111; SAFINAL ADDRESS OF THE ADDR COUNTER

‘ FAWORD LENGTH

SABDDRESS LEMGTH CROW_ADR_LEM+COL_ADR_LEMD
FAROW ADDRESS LEMGTH

SACOLUMN ADDRESS LENGTH

F#BIT ADDRESS LENGTH
b10100; SAEEPORTATION COUNT CWORD_LEM+ADR_LEM+BIT_ADR_LEN+1D

fi———T0 declarations
SACBIST input control signals)
input clk; SASYSTEM CLOCK
input rst: FAMBISD RESET
input C51; FACOMMAND SERIAL IMPUT

Advanced Reliable Sy/stem Lab.
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Basic Coding Practices (Cont’)

A Indentation

Jf——SERIAL READ COUMTER
always@{posedae <1k or posedge rstlbedin
if{rstibeqgin
cer_read_count <= 47b0000;
end
elze hegin
ifihold|self_holdibegin
ser_read_count <= 4°b0000;
end
else hegin
if( (CS_T) || COMCS_To&&CCaddr_changel | [ CYWEN_T233 Jbegin
ser_read_count <= ser_read_value;
end
else hegin
ser_read_count <= ser_read_count — 17h1;
end
end
end

A Port Maps and Generic Maps

i ctr module: programmable_ctr
programimable_ctr programmable_ctr
Jmar_or_xfimar_or_xfl,
.rst_hist{rst_hist],
.bscihsc),

.bsitbsi),

LeTkeTkY,
Lftest_done(test_donel,
.shiftishift),

Lfailifaill,
final_addr{final_addrl),
.final_data(final_datal,

. Comp CComp) ,
Ldata_type(data_typel,
Laddr_typeCaddr_typed,
.a_count_shift{a_count_shiftl,
La_up_down Ca_up_downl,
La_left_righti{a_left_rightl,
.a_holdCa_hald),
.d_hold{d_hold),

LA _left_right{d_left_rightl},
LCENCCEND,

JHENCWEND

LOENCOEND

LCEM_h(CEN_hJ,

JHWEN_bCWEN_bY,

LOEN_b(OEN_b

Advanced Reliable Sy/stem Lab.
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Basic Coding Practices (Cont’)

A Use Functions or Tasks:
U Which Instead of repeating the same sections of code

task ra;

hegin .
WEE_T=1; //WEB=1: read begin

EOP Tw+2 1] =3"h011: { FECP [w]=1" case [ CMD [w32w] ]

DI_T=CMD [w—1:0]:
FREE=CMD [w—1:0]:
end
endtask

task rabar:
hegin
WEB_T=1://WEB=1: read
EQOP [wH2:w]=3"h010; f FEQP [w]=0:
DI_T=-CMD [w—1:0];
FREE=~CMD [w—1:0];
and
endtask

task wa:
hegin

WEB_T=0;//WEB=0:write
EQP [wH2:1w]=32"h001;
DI_T=CMD [w—1:0];
FREE=CMD [w—1:0];

and

endtask

task wabar;
hegin
WEB_T=0; //WEB=0:write
EQP [w+2:w]=3"b000;
DI_T=~CMD [w—1:0]; / Mavbhe wrong
FREE=~CHMD [w+—1:0];
end
endtask

4*booon:begin f/ ra
end_session=0;
ra;
end
4 b0o001 :hegin ffwa’
end_session=0;
wabar;
end
4 bo010:begin ffra’
end_session=0;
rabar;
end
4 b0o011:begin ffwa
end_session=0;
Was
end
4 bo100:begin fira wa’
end_session=1;
case(session_state
4 h00oo: ra;
4 h0001 swabar;
default:ra;
endcase
end

Advanced Reliable Sy/stem Lab.
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Testbench
A Template

module testbench;
Mata type declaration
Anstantiate modules
A\pplying stimulus
AVlonitor signals
endmodule

N

< #10 SEL=0;
#10 SEL=1;

// 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 UO(.a(A),.b(B),.sel(SEL),.out(OUT));

always #5 B=~B,;
Z___| Initial begln

A OSEL 1
e

#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




Testbench

A Simulation Related Tasks

U Terminate simulation
. $finish;

U Textbased output
. $monitor(%ime,"a=%b b=%hbsek%b out=%b"a,b,sel,out
. $display("time=%dclk=%b out=%b",$ime,clk,ou};

U Graphic waveform dump
. Initial begin

$fsdbDumpfile"file_name.fsdby;

$fsdbDumpvars
end

— ——
$ Advanced Reliable Sy/stem Lab.
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White Snace and Comments

A Singleline comments begin with/™ and end with a newne
character

A Multiple-line comments start with*" and end */"

// This is sample code.
// The function is ALU.

module ALU(a,b,sel,out);
/[Port declarations

input [7:0] a,b; //[Data in
output[7:0Jout; //Data out
input [2:0]sel; //IControl select

//Data type declaration

reg [7:0]out;

wire €

é

//IModule functionality or structure
always@(...)begin

é

end

é

endmodule

Advanced Reliable System Lab.




Integer and Real Constants

A Integers can be sized onsized Sized integers are represented

U <sizeX<basex<value>

Value Description

8®01101001 8- bit binary

64 hffOl 64 - bit hexadecimal

4G 12 Decimal

20 &z01x Z- extended to 20 bits

310101101 3-bitnumber, t runcated t
Q@17 9- bit octal

e ——
Advanced Reliable System Lab.
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Identifiers and Special Language Tokens

A Verilog is case sensitive. For exampde]and SEL are different
identifiers

A The '"$" sign denotes Verilog system tasks and functions
U Ex: $finish, $sdbdumpvars é et c¢

A The pound sigr{) character denotes the delay specification

g Advanced Reliable Sy/stem Lab.
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Text Substitution (1/2)

A The “define compiler directive provides a simple sxbstitution

facility

U “define<macro_name <macro_texs

éé
“define STATE A46 b 0000 ;
“define STATE B 46 b 000 1;
é
if(pr_state == "STATE_A)begin
é
end
else if(pr_state == STATE_B)begin
e
end
e

endmodule

Advanced Reliable Sy/stem Lab.
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Text Substitution !2/2!

A Parameter
U parametekmacro_name = <macro_texs

e é
parameter STATE_A
parameter STATE_B
e
if(pr_state == STATE_A)begin
é
end
else if(pr_state == STATE_B)begin
é
end
é

o O

40b000O0
40b000O0

endmodule

Advanced Reliable System Lab.




Text Inclusion

A Use the include complier directive to insert the contents of an
entire files
U “include ‘alu.v"
‘include "../../libMmem.v
A You can useéinclude to:

U Include global or commonly used definitions, such as text macros
U Include tasks without encapsulating repeated code within module bounc

ﬁ Advanced Reliable Sy/stem Lab.
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Timescale
—

A “timescalecompiler directive declares the time unit and precisi
U “timescale #me_unit/<time_precision
U “timescale 1ns/100ps

Advanced Reliable System Lab.
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4-Value Logic System in Verilog(1/3)
A Verilog Logic Values

U The underlying data representation allows for any bit to have one of four values
u 1,0, x (unknown), z (high impedance)

U x0d oneof: 1,0, z, orin the state of change

U zd the high impedance output of as$tate gate

A What basis do these have in reality?

U 0,10 no question

uzo
Atri-stategat e dri ves either a zero or one on its
impedance (z)

Tri-state gates are real devices and zresaéelectrical affect
U xd notareal value
There is naeal gate that drives an x on to a wire
X is used as debuggincaid
X means the simulator candét determine t
. All values in a simulation start as x

g Advanced Reliable Sy/stem Lab.
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4-Value Logic System in Verilog(2/3)

A 4-value logic system iWerilog

Luglc Low Unknown

Lng;c High l High Impedance

Advanced Reliable System Lab.
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4-Value Logic System in Verilog(3/3)

A Logic with multi-level logic values

U Logic with these four values make sense

Nandanything with a 0, and you get a 1. This includes having an x or z on the other ing
That 6s t henamdgateur e of t he

Nandtwo x 6asd you get an & makes sense!
U Note: z treated as an x orput
. Theirrows and columns are the same
ulf you forget to conneczt an I nput e
U At the start of simulatiorgverythings anx

Input B

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

Advanced Reliable System Lab.
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Major Data Type Classes

A There are three major data type classa&miog:

U Nets (default dataype:wirg € )
. Represent physical connection between devices

U Registers(datatypereg | nt eger, €)
. Represent abstract storage elements

U Parameterqdefault datdype:parameter
. Are runttime constants

— S —
$ Advanced Reliable System Lab.
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Nets

A Nets arecontinuous driven by the devictmt drive them
U These devices include gates and modules

A Verilog automatically propagates a new value onto a net when
drivers on the net change value

A This means that whatever value is ondhgate will be
automatically driven onto net out

SMUX

b
iRy
out
sel Cu

a

ﬁ Advanced Reliable Sy/stem Lab.
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Registers i

A A registerholds its value until a new value is assigt@e

A Registers are used extensively in behavioral modelingrand
applying stimuli

A Use behavioral constructs to apply values to registers

Advanced Reliable System Lab.
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Declaration Syntax of Verilog Nets and Registers

A Net declaratiod

U <net_type [range] <het_name[, net_nam§
A Register declaratidh

U <reg_type [range] €eg_nameg|[, reg_namg
A EXU

U wire [4:0]a,b

U reg[7:0]bus _in

U regsel _a,sel p

Advanced Reliable System Lab.
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Choosing the Correct Data Type

Module Boundary of DUT

Input port

net/register | > net

Output port

net/register | > net

net

{}

Inout port

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

!

net

module DUT(Y,A,B);

input A,B;

output Y;

wire Y,A,B;
and(Y,A,B);

endmodule

Advanced Reliable Sy/stem Lab.
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Common Mistakes in Choosing Data Types

A You make a procedural assignment to a signal that you either
declared as a net or you forgot to declare
U This is an illegal assignment

A You connect an output from an instance to a signal declared a
register

A You declare a signal as module input and as a register
U These are incompatible declarations

— ——
$ Advanced Reliable Sy/stem Lab.
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Parameters

A Use parameters teclare rurtime constants
A You can use a parameter anywhere that you can use a literal
A Parameter ical, known only to the module in which they are

defined
A EXU
module mod1( a,b,c); module modl TEST;
parameter WIDTH = 5; parameter cycle= 10;
é é
wire [WIDTH - 1:0] w1, always #( cyc) clk =
e ~clk;
endmodule é
endmodule

Advanced Reliable Sy/stem Lab.
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Register Arrays

A An array if thedatatypeeg is often called a memory
U reg[15:0] MEM [0:1023] //1K x 16bit memory array
U reg[7:0] MEM [0:1023] //1K x 8bit memory array
U parameteiVORD SIZE=16;
parameteMEM _ SIZE=1024,
regWORD _SIZE1:0] MEM[MEM _SIZE-1:0];

e
$ Advanced Reliable System Lab.
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Tools

A Simulators
U Verilog-XL, NC Verilog, Altera Quartus ModelSimand etc.

A Synthesizers

utDesign vision, Ambit, and eetc

A Debugger and verification tools
U DebussynWavenLint, and éet c
nLintcan check the correctness

of

— ——
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Run Verilog Simulationg 1/3!

/lalu.v
[* This is sample code.
The function is ALU.
*/

module ALU(

a,

b,

sel,

out

);

input [7:0] a,b;
output[7:0]out;

input [2:0]sel;

/[IData In
/[IData out
/[IControl select

reg [7:0]out;
wire &

é
always@(...)begin
é

end

e
endmodule

/lt_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 UO(.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;
e. .
#10 SEL=1;
#10  $finish;
end
initial begin
$fsdbDumpfile("ALU.fsdb");
$fsdbDumpvars;
end
endmodule

Advanced Reliable System Lab.
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U verilogalu.vt_alu.v
U ncverilogalu.vt_alu.v+access+r

A Method 2)

U Using additional filealu.f
alu.v
t alu.v

U verilog -f alu.f

U ncverilog-f alu.f+access+r

A Method 3)

U Using additional description "includenbdule_file'

ﬁ
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