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What is Verilog HDL?

1. Origin
* Verilog HDL
- Originated in 1983 at Gateway Design Automation
- Accepted as an IEEE standard
- IEEE 1364-1995
- IEEE 1364-2001
* VHDL
- Developed under contract from DARPA later than verilog HDL

=> The advent of logic synthesis in the late 1954s changed the
designh methodology radically. Finally, digital circuits coud be
described at a register transfer level by use of an HDL.



Why Verilog?

1. Digital circuit design

* Trends
- Faster
- Larger numbers of gates
- Physically smaller
- Packages have many fine-pitch pins

=> The design cannot be described without a language.
Especially, the behavioral design is the most effective way.



Why Verilog?

2. Digital circuit designers

* The underlying design concerns
- Be understandable to others, especially who will work on the

design later

- Be logically correct. The designer collects user specifications,
device parameters, and design entry rules, then creates a design

that meets the needs of the end user

- Perform under worst-case conditions of temperature and process
variation. Variations in the device timing specifications, including
clock skew, register setup and hold times, propagation delay times,
and output rise/fall times must be accounted for.



Why Verilog?

2. Digital circuit designers
* The underlying design concerns

- Be reliable. The end design cannot exceed the package power
dissipation Ilimits. Internally generated temperature rises are

proportional to the humber of gates and the speed at which they
are changing states

- Be testable and can be proven to meet the specifications
- Do not exceed the power consumption goals



1. Example
* Verilog design in fields

Listing 1-1 Non- Real World Example

// Transfer the content of register b to register a.

a < t 5 i

Listing 1-2 Real World Example

/* Signal b must transfer to signal a in less than 7.3 nsec in a
3 speed grade device as part of a much larger design that must
draw less than 80 uA while in standby and 800 uA while operating.
The whole design must cost less than 51.47, pasa CE testing, and

take less than two months to be written, debugged, integrated,
documented, and shipped to the customer. Signal a must be
synchronized to the 75 MHz system clock and reset by the global
system reset. The signal b input should be located at or near pin
79 on the 208-pin package in order to help meet the setup and
hold requirement of register a.*/




Basic Concepts

1. Data types

* Values
-0, 1, x, z

* Nets
- Represents connections between hardware elements
- Nets have values continuously driven
- declared by the keyword wire

* Registers
- Do not mean the hardware register
- The signal assigned in always or initial block
- declared by the keyword reg



Basic Concepts

1. Data types

* Vectors
- Nets or regs can be declared as vectors
- [high#:low#] or [low#:high#]
- The left number is always the MSB
- Partial reference(vector part select) is possible
- Variable vector part select : [<starting_bit>+|-:width]

* Integer
- General purpose register data type

- The default width is the host-machine word size, but at-least 32
bits



Basic Concepts

1. Data types
* Arrays

- Allowed for reg, integer, time, real, realtime, nets, and vector
register data types

- Do not confused with vectors

* Parameters
- Constants defined in a module
- Parameters can be overridden at compile time : customize
- defparam : change the parameter values at module instantiation
- localparam : cannot be changed



Basic Concepts

2. Syntax

* Modules
- A module definition always begins with the keyword ‘module’
- The ‘endmodule’ must always come last in a definition

- Components : port declarations, variable declarations,
instantiation of Iower modules, continuous assignments,
procedural assignments in behavioral blocks, tasks and functions

* Module definition
- Module name
- Port list



Basic Concepts

2. Syntax

* Port declarations

- Ports provide the interface by which a module can communicate
with its environment

- Type : input, output, inout
- In default, declared as a net type

- The output and inout ports can be redefined as a reg type, when
they are assigned in always block

* Variable declarartions
- Signals inside the module have to be declared as net or reg type



Basic Concepts

2. Syntax

* Instantiation of lower modules
- Instantiate the module already defined
- Port mapping by ordered list
ex> full_add4 fa ( sum, c_out, a, b, c_in);
- Port mapping by name
ex> full_add4 fa ( .S({sum), .C_Of(c_out), .Afa), .B(b), .C_I{c_in]);

* Continuous assignments for combinational logics
- Assignment with “assign” keyword
ex> assign b =a

: as soon as the value of a changes, the changed value is
assigned to b



Basic Concepts

2. Syntax

* Procedural assignments
- Assignment in procedure block : always or initial
- LVALUE must be a “reg” type
- Blocking : sequential assignment
ex> always @ (*] begin
b=ac=5b
end
- Non-blocking : parallel assignment
ex> always @ (*] begin
b<=a c<=b;
end



Basic Concepts

2. Syntax

* Sensitivity list
- As soon as any event of signals which are belonged to sensitivity
list is occurred, the assignments in always block are executed
- Level-triggered sensitivity list makes combinational circuits, but it
sometimes causes latches

ex> always @ (a or b)

- Edge-triggered sensitivity list makes sequential circuits. Altough
the sequential logic uses asynchronous reset, reset signal have to

be edge-triggered because mixed list is not acceptable
ex> always @ (posedge clk or negedge rstn)



Basic Concepts

2. Syntax

* Conditional operator (?:)
- The action of the operator is similar to a multiplexer
- Used In continuous assignment
ex> assign out = (sel]? 10 :11;
- Can be nested
ex> assignout = (A)? (B?x:y):(C?x-1:y-1);



Basic Concepts

2. Syntax

* Conditional commands

- Only can be used in a procedural assignment
- Not enough description of conditions, some latches may be causes
- if ~ else if ~ else
ex> if ( condition_1 ) statement;

else if { condition_2) begin

statements;
end
else statement;



Basic Concepts

2. Syntax

* Conditional commands

- case ~ endcase

ex> case [ condition )
case_1 : begin

statements;
end

case 2 :statement:
default : statement;
endcase;



Design structure in Verilog HDL

module module1 (portl, port2, port3, port4, port5, clk, reset);
input portl, clk, reset; output port2, port3, port4;
output [3:0] port5;

reg port3; reg [3:0] port5;
sub_module s1(.sub_porti1(porti), .sub_port2(port2));
assign port3 = port1;

always @ (port1) port4 = port1 + 1;
always @ (posedge clk or negedge reset) begin
if(Ireset)port5 <= 4'b0000;
else port5 <= port5 + port1;
end
endmodule
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Finite State Machines

1. Introduction
* Definition
- Useful computational model for both hardware and certain types
of software
- A model of computation consisting of
a set of states,
a start state,
an input alphabet,

a transition function that maps input symbols and current states
to a next state.
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Finite State Machines

1. Introduction

* FSM in hardware
- Finite State Machines (FSMs) are a useful abstraction for sequential

circuits with centralized “states” of operation
- At each clock edge, combinational logic computes outputs and
next state as a function of inputs and present state

inputs - Com - ‘ outputs

+

next

present
state

state

CLK




Finite State Machines

2. Two types of FSM

* Moore machine
- Distinguished by their output generation mechanism
- Only current state affects on the output values
- Moore machine

inputs

= OUtputs
Xge- X

Yi = £ (S)

present state S
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Finite State Machines

2. Two types of FSM

* Mealy machine
- Current state and input data of FSM determines the output values
- Mealy machine

direct combinational path! outputs

Y = 1(S, x,...X,)
inputs
) -




Finite State Machines

3. Desigh example
* Level-to-Pulse converter

- A level-to-pulse converter produces a single-cycle pulse each time
its input goes high

- In other words, it’'s a synchronous rising- edge detector
- Sample uses:

Buttons and switches pressed by humans for arbitrary periods of
time => Single-cycle enable signhals for counters

- | Level to ‘ |
AT T T —ILt Puse PH— || oM
= Converter pe—
. ...output P produces a
Whetavering Ut.L goes |_ single pulse, one clock
from low to high... ) ,
CLK period wide.
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Finite State Machines

4. State transition diagrams

* Block diagram Synchronizer Edge Detector
Level to
unsynchronized
user input D Q L Fl':usi:'e =
CLK

* State transition diagram

“if L=1 at the clock edge,

then jump to state 01." L=1 =1 Binary values of states

This is the output that results from
this state. (Moore or Mealy?)

“if L=0 at the clock edge,
then stay in state 00.”




Finite State Machines

5. Design of a Mealy Level-to-Pulse
* Characteristic

- Since outputs are determined by state and inputs, Mealy FSMs may
need fewer states than Moore FSM

1. When L=1 and S=0, this output is
asserted immediately and until the
state transition occurs (or L changes). L g

Clock

L=0 | P=0 State

Quiput transitions
immediately.

L=1| P=0 State transitions at the
clock edee.

2. After the transition to S=1 and as long
as L remains at 1, this output is asserted.




Finite State Machines

5. Design of a Mealy Level-to-Pulse

* Implementation

Pres. Next
state | M | state | OUt

= = O O
- -
B .
QO =20

L=0 | P=0 L=1]| P=0

- FSM’s state simply remembers the previous value of L

- Circuit benefits from the Mealy FSM’s implicit single-cycle assertion
of outputs during state transitions

S* S

ol O

D
CLK mt>>

s




Finite State Machines

5. Mealy vs. Moore

* Difference is in the output generation
- Moore outputs are based on state only
- Mealy outputs are based on state and input

- Therefore, Mealy outputs generally occur one cycle earlier than a
Moore

Moore: delayed assertion of P Mealy: immediate assertion of P

P

Clock

State[0]

*vs. Moore

- Be more difficult to conceptualize and design
- Have fewer states




Finite State Machines

6. Timing requirements

Minimum Clock Period

inputs
+

present '
state state

Minimum Delay

Tooiod T Tigstesd = Lhioid




Finite State Machines

7. How to convert Mealy FSM to Moore FSM
* Transform from Mealy to Moore Machine
- Mealy Machine : y(t) = f(x(t), s(t))
s(t+1) = g(x(t), s(t))
- Moore Machine : y(t) = f(s(t))
s(t+1) = g(x(t), s(t))

x(t)
E cl| — Je2—yo *O7er| — fea—yo
A\ JAN
CLK CLK
S(t) S(t)
Mealy Machine Moore Machine

32/54



Finite State Machines

7. How to convert Mealy FSM to Moore FSM

* Algorithm

1) For each NS, z = §;y; create a state 5,(j)

2) For each new state S,(j), repeat the row PS = §,
3) Replace NS, z = S, y; with state S,(j)

Set output z = y; for row PS = §;(j)

Mealy Machine: Moore Machine:
PS| 00 01 10 (xy) PS| 00 01 10 (xy) | z
A | A0 A1 B,0 AO| AO Al B 0
B | A1 B,0 B0 (NS,2 Al A0 Al B 1
B | Al B B 0

33/54



Finite State Machines

7. How to convert Mealy FSM to Moore FSM

* State diagram
00/0,01/1

Mealy Machine
10/0

00/1

10
01

00
Moore Machine A:@

01 00

01




1. Behavioral modeling

* Finite State Machine

* Mealy FSM vs. Moore FSM

- Mealy machines tend to have less states
- Mealy machines react faster to inputs
- Moore machines are safer to use

*\Xhat is better?
It depends.
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ModelSim & Quartus 11 & X101 7]

1. & ¥ Download
* Link
- Altera website : http://dl.altera.com/?edition=web

@ https://www altera.com/ O-a8¢ (2 FPGA CPLD and ASIC from ... *
HED® E7lv AR =70 ==2ZMH)

m Usa @ DOWNLOADS DOCUMENTATION | MYALTERA %

MEASURABLE ﬁUUhNTAGE’: ” R A= 3-& < f

SUPPORT ABOUT BUY

PRODUCTS SOLUTIONS | Search

FPGAs SoCs Intellectual Property Design Software 0
Stratix 10 Stratix 10 What's New in IP i
Stratix V Arria 10 Bestin Class IP
Arria 10 Arria V Mios Il Processor
Arria V Cyclone V Find IP
Cyclone V Reference Designs
MAX 10 SoC Development Tools
All EPGAS » Configuration Devices - SoC EDS
Program Storage for FPGAs e ARM DS-5 AE
Development Kits
Al Power Daughter Cards
mx 3},0 Power5oC Converters Cobles B ptens
All CPLDs » All Devices »
Q.g. Looking for a specific product? (Y Newto programmable devices?
Product Finder » y MNew to FPGAs Resource Center »
=  and features of Altera devices, IPs and W viaeos Jystem vesign journal
FPGAs development kits.
SoC FPGAs "FPGAs For Dummies" Altera "Aces It" at the Annual EE Times/EDN
CPLDs This eBook examines how FPGAs work, ACE Awards

. the history, and the future of FPGAs in Julyi2s, 2015
Design Tools system design.




ModelSim & Quartus 11 & X101 7]

1. % W91 Download
* Link

- Altera website : http://dl.altera.com/?edition=web

B htips://www.altera.com/products/design-software/fpga-design/quartus-ii/download html O ~ & @ | B Quartus Il - Download
HEE 27w EAZZIA) =70 =3H
FPGA CPLD and ASIC from Altera > Products > Design Software > FPGA Design > C

QUARTUS Il SOFTWARE

Hide Features Overview -
What's New Altera’s latest design software release,

Quartus® Il software v15.0 is available
now!

Download wv15.0 Now
‘ Quaﬂus 9 IL; = What's New >>

Design Software

OVERVIEW FEATURES SUPPORT

Download Software

Go to the Download Center to obtain the Quartus Il software as well as ModelSim-Altera Edition, 50C EDS, and more. You can download the
currently released version as well as prior versions of software.

‘Guartus jj Quartus Il Subscription Edition (Ql-l artus || Quartus Il Web Edition

Design Software Paid license required Dwaion Software FREE, no license required

The industry's #1 design software in A FREE version of Quartus®|l software for your




ModelSim & Quartus 11 & X101 7]

2. Introduction

* ModelSim
- Logical simulator from Mentor Graphics
- Verilog & VHDL compile X |} : BB/ N
- 4-value simulator : 0, 1, X, Z=> Xand IX =X

|l

N\
T O0,H O

* Quartus i
- FPGA & Y| software from Altera
- 2478, physical mapping, static timing analysis, simulator “i75
- Modelsim, Synplify & FPGA-§ 3rd party tool A [-§ %5



Design Description

1. Level-to-Pulse converter & |9 ||

* Block diagram Synchronizer Edge Detector
Level to
unsynchronized
user input D Q L Fl':usi:'e =
CLK

* State transition diagram

“if L=1 at the clock edge,

then jump to state 01." L=1 =1 Binary values of states

This is the output that results from
this state. (Moore or Mealy?)

“if L=0 at the clock edge,
then stay in state 00.”




Level-to-Pulse Converter

£ Ao

1. ModelSim®iIA] &

* Project 2'= |

=HIOT

- File => New => Project

- Project Name : L2P_converter

- Project Location, Default Library Name

|

I-_.'l

New
Open...

Load

Close Project
Import
Export

Save As,..

Report...

Save Ctl45

F-“Ee| Edit View Compile Simulate Add Project To

Folder
Source >

Debug Archive...

N4ARA
= 0

F‘ruj_ect Name

L2P_converter

Project Location

|D:/L2P_converter

Default Library Name
ro

Copy Settings From

-modelsim_aae /modelsim.ini

B‘owse,..|

(¢ Copy Library Mappings { Reference Library Mappings

ok | Cancel |




Level-to-Pulse Converter 2 A0} )]

1. ModelSim®IA 2|7
* Design File F&1[°}7]
- Create New File => File Name, Type(Verilog) 173
- 1|E &™| II&2 Add Existing FileE T}

- ModelSim project 78°ll Bf& F=T1 H2!, HESE] X2 L8] => Edit
O T MK s

Click on the icon to add items of that type : .

B-shod ibiy M‘ @mu@@H@ St
JD D —File Name "E:E‘C@Qj %€ ¥ Jﬂ
L2P_converter. x{ Browse..,
I —.m -D:L2P_converterL2P_converter —— ii——i H & x| || | D:/L2P_converter/L2P_converter.v - Default ——
Create New File Add ExistingFile |} .. g e *|Name |statudType |Orde{Modified T n#
eriios ol — :

Create Simulation Create New Folder

Close
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Level-to-Pulse Converter 2 A0} )]

2. Verilog 1| T]

* Finite State Machine & H|9|7|
- State : FSM T2 E&8{°2] Ol AIO|E0IE| BWE. F, flip-flopl.=E +
- State transition : P37l state2f 212 &X Ol L= CZ stateE= D= L3N
2. &, combinational 21 IIE

- Result output : Moore machine®] 8% P37} state®ll 2I°H 276 1.,
o=

=
Mealy machine2l 8% P37} state X &= diOll EfE 276 E. S

o=
combinational I & P&l

1 4

X(t)
“let| — Je2—yo O7er| =  fe2 Yo
i A
CLK CLK
S(t) S(t)
Mealy Machine Moore Machine



Level-to-Pulse Converter 2 A0} )]

2 Verllog IUI._II ]fl’:lgiiﬁcif_ggzjrter (clk, rst n, L, P);
input L:
* Finite State Machine & H|°[7| output P;

reg [1:0] state, next state;

- FSM & H|= state transition 2, state flip-

flops, result 28 F = +/60 = ]iih—;;’-?é ¢ stite & T §
- State transition : sensitivity list= ZIR{2] | o (cps)
State | ”State"_?J EE;IAI.E uL"0|n1 (o) |H|'7(-| ii { L ) next state E 2'b0l;
else next_state = 2'b00;
O 2 CIE statel! “next_state”® '”é E"J | ek
Ol= caseE +#21 r el Pt g™
2'bll :
- - - O|= NE if L ) next state = 2'bll;
State : clock?] positive edge°1| =] HIE ool ol R

=l “next_state oA

end
- Result : -II'I:I"U'I' O=|I\I' *EH_I 'IC;I_(I)_ aSSlgn 'I' 3
= PAWL O=|/\I-‘7,_ %6“ el Bt ==kl bl

endcase

Sampllng . 'iﬂf&l:llt : next_state = 2'b00;

e

L=

a
vs @ (posedge clk or negedge rst_n)

if{!rst_n) state <= 2'b00;

E 110 always _I_I_ A|'-8- L |'-°- else state <= next state;
agszign P = (atate == 01)? 1'bl: 1'b0;
endmodule
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Level-to-Pulse Converter 2 A0} )]

3. Testbench & |||
* TEStbenCh flle _I__l I'U I'_ll timescale 1ns/100ps

Z module TB_L2P converter;

- Project "9°lI" == => Add to Project =%,

=> New File aze B

- TB_L2P_converter.v (Verilog) 128 converter dut(-clE(clk), -5t n(estn), -L(L), -B(R)):
* Scenario

-clk : &7 100MHz 2!} (period 10ns) | G

-rst_n:ZSE'20ns FLIOSE FOIEIM | muriin

- 1 cycle(10ns) CIF L => 1 (9l state: TEM

01), 1 cycle °|1% L => 0 (°lI”S state : 00) oLl

-1cycle ©|F L=>1 (Ot state: 01), 1 =

cycle O|F L=>1 (%Y state : 11),
-1cycle ®IF L=>1 (%Y state: 11), 1
cycle °|% L => 0 (Y state : 00)



Level-to-Pulse Converter 2 A0} )]

4. Simulation $£°%°|7]

* Compile
- Compile => Compile All & T3 MEH = Compile => Compile
Selected : Check BEA| -2 69 OK. Transcript 759l Error {2 6% 1
=S=2I%I2 Error Hi-§ &&

* Simulate
- Library 7% => work(default working space) => Testbench &% =>

S m l t e @sum Default bR +H & X am jlgj,_l | | D:L2P_converter/TB_L2P_converter,v (/TB_| L2F
l u a '11nstance ‘Desagn unit lDE 'B' III Teall Lnz
-+l TB 1P converter TB_L% co... Mc . Internal 1 ‘timescale 1lna/100ps
+ 4 dut L2P_conve... Mc i Internal j
"|F__ & =INITIAL#13 TE_L2P co... Pri e T Bl module TB_L2P_converter;
) #ALWAYS#14  TBL2 co... Pr Internal 4 i
L@ #INITIAL#17  TBL2P_co... P - izz i?r'—n'
lc- #vsim_capadty £ Cz Iy
9 f/ Inata ation DUT
10 LZP converter dut(.clk{clk
11
‘| | _>J 12 f/ Clock generation
- . 13 initial clk = 0;
aProcesses (Active) R Hd X 14 always #5 clk = ~clk;
"1 Name hype (filtered) [State 15
‘ S T e - 16 // Scenario
PR 17 initial
-
9 y 18 [ begin
J 19 rstn=0; L=20;
5 20 #""3tn=1 L=20;
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Level-to-Pulse Converter 2 A0} )]

4. Simulation &% %|1|

* \Waveform &% %]

- Sim "9 °lAM dut(L2P_converter) 2154, Object 7591l dut?l
input/output/wire/reg list 225

- Waveform®lIA 2 '& signal &1BH(ctrl, shift A8 Ti% LB Tis) =>
S E8&| => Add Wave

......
ave -Default — ¢
......

4 | ..ter/dutfnext_state |x



Level-to-Pulse Converter 2 A0} )]

4. Simulation &% %|1|

* Simulation Z'%§ 7|
- Simulation unit time : 100 ps => 20 ns(&°] %)

. Simulation J'% HE

1) *HAIRE 2) 1 unit 2'% 3) breakpointMI| Z'%
4) HI& T'%% 5) endpointM| T!'% 6) &4E

|B-a-2a-9

[Radesn

) ,,m" 2) B4 3) TISELHG DA 8F grEro) EA|

p| Wave - Default

01 JDD | JDl

| § IZII] I]l 111



FPGA 2 A01V]

1. Quartus Tutorial

* File => New Project Wizard
- Introduction : Next

- Environment setting (1/5) : Project directory, name, top-entity
name (L2P_converter)

- Add files (2/5) : Modelsim®IA] B[R &y PF Q. Z=1|

- FPGA setting (3/5) : Family — Cyclone, Device — EP1C6Q240CS8,
Target Device — Specific device..

- EDA setting (4/5) : Next

- Summary (5/5) : Finish
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FPGA 2 A01V]

1. Quartus Tutorial

* Assignment => Pin Planner
- Node Name : 238 E|R[2! top-level entity®ll ZM Y= pin
- Direction : Input/Output/Inout
- Location : FPGA pin mapping
: Location double click, Drop-down menu®{|A{ &! {188

* Compile

- Analysis & Synthesis

- Fitter (Place & Route)

- Assembler (Generate Programming Files)
- TimeQuest Timing Analysis

- EDA Netlist \Writer
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l. JTII.% I_E I_= SPEC & | Dining
2 | Hall
* &I%E ’.!_'?'_ 7‘o-lgl 3 E]:
DT R |(UBY) TA, TE IS
_ ﬁ_‘?‘_'l”%gﬂ . LA, LB Academic Ave.

. - Lab
- Assignment => Pin Planner -

g @D
=

)

S

3

wn

Fields

* Scenario
-FHEE BE NPT : F, red, yellow, green B =55
- Reset ¥ Academic Ave.ll green light, Bravado Blvd.= red light
- U H7 TA S (LT EMM) - IS5 Academic Ave. green light
- T TA N (LT 88%) : Bravado Blvd. green light &t
- W% T 1A'E Ui MR | Bravado Blvd. green light

- Green =>red &' T T AO|9f|= yellow light =& £ 8 (T state)




a2l &S - 1S NP AAE S

2. Finite State Machine 78°]9}1|
*FSM 12| 1]



Thank you




