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Course Outline

® VHDL Basics

B Design Units

B Architecture Modeling Fundamentals

B Understanding VHDL and Logic Synthesis
B Hierarchical Designing
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VHDL Basics

B |[EEE industry standard hardware description
language

B High-level description language for both Simulation &
Synthesis

B 1980 - U.S. Department of Defense (DOD) funded a
project to create a standard hardware description

language under the Very High Speed Integrated
Circuit (VHSIC) program.

B 1987 - the Institute of Electrical and Electronics
Engineers (IEEE) ratified as IEEE Standard 1076.

B 1993 - the VHDL language was revised and updated
to IEEE 1076 ‘93.
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Terminology

B HDL - Hardware Description Language is a software
programming language that is used to model a piece
of hardware

B Behavior Modeling - A component is described by its
input/output response

B Structural Modeling - A component is described by
interconnecting lower-level components/primitives
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Terminology

B Register Transfer Level (RTL) - Atype of behavioral
modeling, for the purpose of synthesis.
— Hardware is implied or inferred
— Synthesizable

B Synthesis - Translating HDL to a circuit and then
optimizing the represented circuit

B Process — Basic unit of execution in VHDL
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Behavior Modeling

B Only the functionality of the circuit, no structure
B No specific hardware intent

B For the purpose of synthesis, as well as simulation

input?, .., inputn

IF input?7 THEN
FOR j IN high DOWNTO low LOOP
shft(j) := shft(j);
END LOOP;
output? <= shft AFTER 5ns;
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Structural Modeling

B Functionality and structure of the circuit
B Call out the specific hardware
B For the purpose of synthesis

Higher-level Component
input1 output?

—_))—

Lower-level
Component1

Lower-level
Component1

inputn outputn
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RTL Synthesis

Process (a, b, c, d, sel)
begin
case (sel) is
when “00” => mux_out <= a;
when “01” => mux_out <= b;
when “10” => mux_out <= ¢;
when “11” => mux_out <= d;

end case;

Translation

inferred

Optimization
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VHDL Synthesis vs. Other HDL Standards

® VHDL

— “Give me a circuit whose output only changes when
there is a low-to-high transition on a particular input.
When the transition happens, make the output equal to
the input until the next transition.”

— Result: VHDL Synthesis provides a positive edge-
triggered flipflop

B ABEL, PALASM, AHDL
— “Give me a D-type flipflop.”

— Result: ABEL, PALASM, AHDL synthesis provides a D-
type flipflop. The sense of the clock depends on the
synthesis tool.
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More VHDL Basics

B Two sets of constructs:
— Synthesis
— Simulation

B The VHDL Language is made up of reserved
keywords.

B The language is, for the most part, NOT case
sensitive.

B VHDL statements are terminated with a ;
B VHDL is white space insensitive. Used for readability.
B Comments in VHDL begin with “--”" to eol
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Typical Synthesis Design Flow

Technology
Library

Synthesis
Compiler

Timing Analysis Place/Route

Text Output

Simulation

Waveform
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Typical Simulation Design Flow

Simulation
Compiler

A
Simulation
Model
>

VHDL
Simulation

Waveform

Text Output
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Design Units

B VHDL Design Units
— Entity

+ Used to define external view of a model. i.e. symbol
Architecture

» Used to define the function of the model. i.e. schematic
Configuration

» Used to associate an Architecture with an Entity
Package

 Collection of information that can be referenced by VHDL
models. l.e. Library

« Consist of two parts Package Declaration and Package
Body.
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Entity Declaration

ENTITY <entity name> IS
Generic Declarations
Port Declarations
END <entity name>; (1076-1987 version)
END ENTITY <entity_name> ; ( 1076-1993 version)

B Analogy : Symbol

B <entity _name> can be any alpha/numerical name

— Note: MAX+PLUS Il requires that the <entity_name> and <file_name> be
the same

B Generic Declarations

— Used to pass information into a model

— MAX+PLUS Il places some restriction on the use of Generics
B Port Declarations

— Used to describe the inputs and outputs i.e. pins
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Entity : Generic Declaration

ENTITY <entity_ name> IS
Generic ( constant tplh , tphl : time := 5 ns
-- Note constant is assumed and is not required
tphz, tplz : time := 3 ns;
default_value : integer := 1;
cnt_dir : string := “up”
);
Port Declarations
END <entity_name>; (1076-1987 version)
END ENTITY <entity_name> ; ( 1076-1993 version)

B New values can be passed during compilation
B During simulation/synthesis a Generic is read only
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Entity : Port Declarations

ENTITY <entity name> IS

Generic Declarations

Port ( signal clk : in bit;

--Note: signal is assumed and is not required
g : out bit
);

END <entity name>; (1076-1987 version)
END ENTITY <entity_name> ; ( 1076-1993 version)

B Structure : <class> object_name : <mode> <type> ;
« <class> : what can be done to an object
« Object_name : identifier
* <mode> : directional
» in (input) out (output)

» inout (bidirectional) buffer (output w/ internal feedback)

« <type>: What can be contained in the object
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Architecture

B Key aspects of the Architecture
Analogy : schematic
Describes the Functionality and Timing of a model
Must be associated with an ENTITY
ENTITY can have multiple architectures
Architecture statements execute concurrently
Architecture Styles
« Behavioral : How designs operate
— RTL : Designs are described in terms of Registers
— Functional : No timing
 Structural : Netlist
— Gate/Component Level
 Hybrid : Mixture of the above
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Configuration

B Used to make associations within models

— Associate a Entity and Architecture

— Associate a component to an Entity-Architecture
B Widely used in Simulation environments

— Provides a flexible and fast path to design alternatives
B Limited or no support in Synthesis environments

CONFIGURATION <identifier> OF <entity_name> IS
FOR <architecture _name>
END FOR;

END; (1076-1987 version)

END CONFIGURATION; (1076-1993 version)
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Testbench

B Testbench is not defined by the VHDL Language
Reference Manual and has no formal definition

B |[n general, it consists of three parts
The component we want to test, i.e. the Design Under Test
(DUT).
A mechanism for supplying inputs to the DUT.

A mechanism for checking the outputs of the DUT against
expected outputs.
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Testbench

TESTBENC

Design
Under
Test
(DUT)

Testbench architecture, Source: Kashani-Akhavan. Available at

https://goo.gl/dCsMNK
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Putting It All Together

ENTITY cmpl_sig IS ENTITY
PORT ( a, b, sel : IN bit;

X, y, z : OUT bit; ARCHITECTUR
END cmpl_sig; \
ARCHITECTURE logic OF cmpl_sig IS
BEGIN

-- simple signal assignment
x <= (a AND NOT sel) OR (b AND sel);
-- conditional signal assignment
y <= a WHEN sel='0' ELSE
b;
-- Selected signal assignment
WITH sel SELECT
z <=aWHEN '0,
b WHEN '1’,
'0' WHEN OTHERS;

END logic;

CONFIGURATION cmpl_sig_conf OF cmpl_sig IS
FOR logic
END FOR;

END cmpl_sig_conf;
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Example 1
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-- Exemplo 1 - Porta AND - 2 entradas
-- Arquitetura de Computadores
-- Prof. Erivelton

library ieee;
use ieee.std logic_1164.all;

entity PortaAND2to1 is
port
(
a . in std_logic;
b . in std_logic;
saida : out std_logic
);
end entity;

architecture rtl of PortaAND2to1 is
begin

saida <= a and b;

end rtl;




Example 1

B Compilation using Quartus Il
&4 Quartus I 64-Bit - C:/Usersfuser/Downloads/projeto3/and
File | Edit Wiew Project Assignments Processing Tools

L] Mew... Ctrl+M

| [ Open... Ctrl+0 J; o x|

Close Ctrl+F4 |

Mew Project Wizard. .. thdljmod|

Open Project. ..
save Project

Close Project z

Save Cirl45 4|
b4

oave As... E‘

Save Al Ctrl4Shift4s F——
I||rmize... |

File Properties...
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Example 1

B Compilation using Quartus Il

&34 New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?
C:/Usersfuser /Google Drivefteaching /201801 /argcomp,/vhdlfquartus

What is the name of this project?

PortaAMD2to 1

PortaAMDZ2to1

Use Existing Project Settings...

What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file,

Einish H Cancel ||
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Example 1

'?.

€4 New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?
C:/Usersfuser /Google Drive /teaching/20180 1/arqcomp/vhdl fquartus
What is the name of this project?

PortaAND2to 1
What is the name of the top-evel design entity for this project? This name is case se

PortaAND2to 1

Use Existing Project Settings...
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Example 1

€4 New Project Wizard

Add Files [page 2 of 5]

Select the design files you want to indude in the project. Clid: Add All to add all design files in the project directory to the project.
Mote: you can always add design files to the project later.

File name:

File Mame Type Library Design Entry/Synthesis Tool HOL Version
.. /modelsim/Exemplo1_PortaAMD 2to 1/PortaAND 2t0 1, vhd YHD... Default
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Example 1

%; MNew Project Wizard

Family

Device fal

& Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.
‘fou can install additional device support with the Install Devices command on the Tools menu.

mily

Family:

Cyclone IV E

Dev]

@ Auto

") Speq

Othd

Arria II GX

I8 Cydlone 11

Cydone III

Cydone IV GX

Cydone V (E/GX/GT/SK/SE/ST)
MAX II

MAX W

MAX 30004

Target d|Cycone 1T LS
Ié:lt!:‘il_ :—

Available devices:

Show in "Available devices' list

Package: ’Any

Pin count: [Any

Speed grade: [Any

MName filter:

[#] show advanced devices

HardCopy compatible only (=)

MName

EP4CESEZ

FRACFAFET

Core Voltage User Ij0s

EP4CESEZ22AT7 1.2V

206 1.2V

EP4CESEZ2CT 1.2V
EP4CESEZ22CE 1.2V
EP4CESEZ22CEL 1.0V
EP4CESEZ22CSL 1.0V

T 1M

Memaory Bits

275480
275480
275480
275480
275430
2754380
2TR4ARN

Embedded multiplier 9-bit elements

i

Companion device =)
HardCopy:

Limit D5P & RAM to HardCopy device resources

< Back I[ Mext = H

Einish H Cancel |I

Help

Copyright © 2003 Altera

Corporation

AV




Example 1

&3 New Project Wizard

EDA Tool Settings [page 4 of 5]

Spedfy the other EDA tools used with the Quartus I software to develop your project.

EDA tools:

Tool Type Tool Name Format{s) Run Tool Automatically

EDesign Entry/Synthesis I <None > =Mone > Run this tool automatically to synthesize the current design

Simulation IMDdeISim—nlhera - II___, Run gatedevel simulation automatically after compilation

Formal Verification <MNone=

Board-Level Timing [c:None:b

Symbol [<None>

Signal Integrity [<Noneb

Boundary Scan [c:None:b

< Back J[ Mext = JI Einish JI Cancel H
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Example 1

&3 New Project Wizard

Summary [page 5 of 5]
When you dick Finish, the project will be created with the following settings:

Project directory: C:fUsers fuser [Google Drive fteaching /201801 /argcompfvhdl fquartus
Project name: PortaAND 2to 1

Top-evel design entity: PortaAMD2to 1

Mumber of files added: L

Mumber of user libraries added: 1]

Device assignments:

Family name: Cydone IV E
Device: AUTO

EDA tools:
Design entryfsynthesis: <None > (<Mone =)
Simulation: ModelSim-Altera (vHDL)
Timing analysis: [}]

Operating conditions:
Core voltage:

Junction temperature range:

Finish J [ Cancel | |
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Example 1

¢4 Quartus I 64-Bit - C:/Users/user/Google Drive/teaching/201801/argcomp/vhdl/quartus/|
File Edit WView Project Assignments Processing Tools Window Help =]

UEH@ ¥ 5G3@ |9 | |PortasND2inl | || %
Project Navigator _ #Ax
| Files
55 fmodelsim/Exem=i-+ - Pste AN AL Mk AN
Open

Remaove File from Project

Set as Top-Level Entity Ctrl+5hift+1]

¢ |

/4% Hierarchy = Create AHDL Include Files for Current File
Create Symbol Files for Current File

Tasks

Flow: | Compilation Properties...
|
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Example 1

&4 Quartus I 64-Bit - C:/Users/user/Google Drive/teaching/201801/argcomp/vhdl/quart.

File Edit WView Project Assignments fan::rcessmg] Tools Window Help =

|
NEHS $E 9 o
\Project Navigator !r Start Compilation Cirl+H
| &

| Files #]
[,HE fmodelsim/Exemplo1_] Pan.ﬁ.NDltnl;! Start

Stop Processing Ctrl+5hif

Analyze Current Eile

Uipdate Memory Initialization File
\.'# Compilation Report

4 | I -I n‘;} Dynamic Synthesis Report

/4% Hierarchy E| Files | ' Design L.l!_ 4 PowerPlay Power Analyzer Tool
EITasks ' i ¥ 55N Analyzer Tool
|

T e I
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Example 1

rive/teaching/201801/argcomp/vhdl/quartus/PortaANDZtcl - PortaAND2tol
‘ocessing | Tools | Window Help £

m Fun Simulation Tool » b@ 5| . ..f}' .E} ;fj {ngﬁ Q % -#t?b

J;,_ E’ Launch Simulation Library Compiler Report - PortaAND 2to 1

Flow Status Successful - Mon May 03
Duartus IT 64-Bit Version 13.0.0 Build 156 04/24/:
Advisors F.evision Mame PortaAND2to1

Top-evel Entity Name PortaAMD2to 1

Chip Planner Family Cydone IVE

Total logic elements 1/6,272( < 1%)

= 1 | IR L E—— T o L A...Lr_nnn_f---\..l %}

Metlist Viewers @ RTL Viewer i, )

taAMD 2o

e
"  Launch Design Space Explorer

TimeQuest Timing Analyzer

Design Partition Planner

15 | 1 % State Machine Viewer

SignalTap II Logic Analyzer
Customize, | & Technology Map Viewer (Post-Mapping)

In-System Memory Content Editor

Iﬂ Logic Analyzer Tnterface Editor E}; Technology Map Viewer (Post-Fitting)

] Iﬂ In-System Sources and Probes Editor mbedded Multiplier 3-bit elements 0/30(0%)
otal PLLs 0/2(0%)

EViCe EP4CERE 2 ACH
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Example 1
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Example 1 - Testbench

-- Exemplo 1 - Porta AND - 2 entradas — Testbench
-- Arquitetura de Computadores
-- Prof. Erivelton

library ieee;
use ieee.std logic_1164.all;

entity tb_PortaAND2to1 is
end tb_PortaAND2to1;

architecture behavior of tb_ PortaAND2to1 is
-- Declaragao de componente de: Unit Uder Test (UUT)

component PortaAND2to1
port
(
a - in std_logic;
b - in std_logic;
a saida : out std_logic

);
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Example 1 — Testbench - Continued

-- Sinais
signal a : std_logic;
signal b : std_logic;
signal saida : std_logic;

begin
-- Definicdo the Unit Under Test (UUT)
uut: PortaAND2to1 port map
(
a=>a,
b =>Db,
saida => saida
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Example 1 — Testbench - Continued

-- Stimulus process
stim_proc: process
begin
-- insert stimulus here
wait for 5 ns;
a<='0}
b <=0’
wait for 5 ns;
a<="1;
b <="'0}
wait for 5 ns;
a<='0}
b <="'1
wait for 5 ns;
a<="1;
b <="'1
wait;
end process;
copyright © 2003 ax €N architecture;




Example 1 - Modelsim

M ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version

| Edit View Compile Simulate Add Library Tools Layout
New Folder B~ =
; P‘ = M

v

"
J o1

Open... Source
Project...
Library...

Debug Archive...

SMODEL_TECH/.. /alterafvhdl/220model
SMODEL_TECH/.. /alterafverilog/220m..
SMODEL_TECHY/.. faltera/vhdl/altera

SMODEL_TECH/.. [alterafvhd/altera_|..
SMODEL_TECH/.. [alterafverilog/altera.
SMODEL_TECH/.. /alterafvhdl/altera_mf
$MODEL_TECH)/../altera/verilog/altera.
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Example 1 - Modelsim

-
M Create Project

Project Name
|and2to]]

Project Location
::.,*Users’user, Google Drive/teachi Brnwse...]

Default Library Name
lwork

Copy Settings From
,[Eu’mndels im ase/modelsim.ini Browse

(* Copy Library Mappings { Reference Library Mappings

OK | Cancel |

e
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Example 1 - Modelsim

- )
M Add items to the Project i
Click on the icon to add items of that type:

Create New File Add Existing File

™M i

Create Simulation Create New Folder

Close |

A
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Example 1 - Modelsim

-
M Select files to add to project

# modelsim b Ewnplal PotaANDol »
@l\.__./"| modeisim EI'T'IFIU_DE O

Organizar « Nova pasta

» Ay
U Favoritos Nome

Bl Area de Trabalho work
# Downloads = PortaAND2tol
intelecto = tb_PortaANDZ2tol
2017sbai-coletive =
¢ Google Drive
= Locais
201801
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Example 1 - Modelsim

M ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version

File Edit View Compile Simulate Add Project Tools Layout Bo

L
E

J ColumnLayout |j‘.'11 1Columns

- C:fUsersjuser {Google Drive fteaching/201801/arqcomp/simulation/And2to1
StatusType | Orde{Modified
AMD 21 wvhi HO 05/06/18 02:08:06 F

& th_PortaA Edit 05/06/18 02:15:14 PM

Execute = 1

Compile ~ Compile Selected

Add to Project ' Compile Al

Remove from Project Compile Qut-of-Date

Close Project Compile Order...
pdate Compile Report...

_ Compile Summary. ..
Properties...

Project Settings... Compile Properties...
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Example 1 - Modelsim

M ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version

¥ Status Orde

Edit
Execute 1
Compile - Compile Selected
Add to Project  Compile Al

Remove from Project Cnmpiie Out-of Date

2 tb_PortaANDZto1
sl

5/18 02:15: 14 PM

Close Project Compile Order...
Update Compile Repart...
Compile Summary. ..

Properties...
Project Settings... Compile Properties...

i |
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Example 1 - Modelsim

M ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version

File Edit View Compile |§'fmuFate| Add Project Tools Layout Bo
J % 4% 1 y | Design Optimization... |

J ColumnLayout |E11-ED1UJIE135 Runtime Options...

Run
atep

®§ PortaANDZtol.whd Restart. ..

[ th_PortaANDZ2tol....

Break
End Simulation
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Example 1 - Modelsim

ﬁ Start Simulation

Design l VHDL ] Verilog ] Libraries ] SDF ] Dﬂners]

l"!Nam:

Type

Path

;}-‘1 work
+_.~E| portaand2to1

-k 220model
-l 220model_ver
+-{i} altera
+ |—"]_ altera_lnsim
+-{li} altera_lnsim_ver
+} _.]_ altera_mf

2 .. :

Iﬂ tb_portaand2to...

Library
Entity

Entity

Library
Library
Library
Library
Library
Library

C: /Usersfuser /Google Drive/teaching/. ..
C:/Users fuser /Google Drivefteaching/...
C: /Users fuser /Google Drive/fteaching/...
SMODEL_TECHY/. . falterafvhdl/220model
$MODEL_TECH/.. falterafverilog/220m...
SMODEL_TECHY/.. falterafvhdi/altera
SMODEL_TECHY/.. falterafvhdi/altera_|...
SMODEL_TECHY/.. [altera/verilog/altera...
SMODEL_TECH/.. faltera/vhdl/altera_mf

al
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Example 1 - Modelsim

M ModelSim ALTERA STARTER EDITION 10.1d

File Edit View Compile Simulate Add Stru
TY R )

ColumnLayout | Al1Columns

¥ Instance Design unit  [Design ur

View Declaration
View Instantiation

Add Wave

Add Wave New

Add Wave To

Add Dataflow Cirl4D
Add to

W std_logic
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Example 1 - Modelsim

3 ftb_portaand2tolfa

’ fth_portaand2to /b
& [tb_portaand2toifs...

L
Mow 0ps .
Toggle leaf names <-= full names 0ps

< [X]3] 2l

Tl Dataflow - | OB Class Tree - | sml Wave |

1

LESRENEFT |12
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Example 1 - Modelsim

Simulation Time

Copyright © 2003 Altera Corporation

Simulation

FavE oIt

Zoom In
Zoom Out
Zoom Full
Zoom Cursor
Zoom Last

i T TTET:
L LU LR E R Lt B}

Zoom Range...

Expanded Time

Full View




Example 1 - Modelsim

ﬂ Wave
File Edit View Add Format Tools Bookmarks Window Help

; trrnrrrrebverrreerebvrrrroeceebveereereebeerreereebveerrerecbrrrrerrecbrrrrrere b rorerrrnn b
'E'-. NDI"I"I ]l:":l I:|5 (s '_._'..'_.|:'.|'. ric WIO0 qe 000 e .|::.|:.|__.|_'. ns I

e cursor 1 | 0ps
. I 0 I [T 0 |

| 0 ps to 45900 ps | sim: ftb_portaand2tol/b %




Example 1 — Modelsim - Script

. CAUsers\user\Google Drive\teaching'201801\argcompvhdl\modelsim\Exemplol_PortaAND2tol\tb_my_project.do - Notepad + + [_
File Edit Search View Encoding Language Settings Tools Macre Bun Pluging  Window 2

cHHR s Galsmk|ide a2z BE = 1ERELE =@
B PortaAND2to 1 vhd J] Bl tb_PotaANDZo 1 vihd £3 =] tb_my_project do E3 l
## NOTE: Do not edit this file.
#¥
Hif {[file exists work]} {
{vdel =11k wEre <all
}
vlib work
vcom —exXplicit 52 "PortaAND2tol.vhd"
vcom —explicit 22 "tb PortaAND2Z2tol.vhd"
vsim —E 1ps —-1ib work tb PortaANDZ2tol
#add wave sim:/tb PortaAND2tol/*
do {wave.do}
view wave
view structure
view signals
run .03us
#quit —force

[

(%]

.".. I
g
L]

|

L B e i

=

Oy 0 B Lo B

I_L I__'.
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Example 1 — Modelsim - Script

Copyright

L | e | A L

[ PortaAND 2o 1 vhd ] Estb PortaANDZoT vhd ¢ _Jl E=ltb my projectdo £ = wave do E3 ]

|— |-_'.

I_\u | —

R B Bl e e e e

ot I

P )

oy 6

0 o N e [ 1 e B 8 e NS |

BT B

Yy

e e S R R R e

bnerror {resume}

gquietly WaveActivateNextPane {}

add wave -noupdate /tb portaand2tol/a
add wave -noupdate /tb portaand2tol/b
add wave -noupdate /tb portaand2tol/saida
TreeUpdate [SetDefaultTree]
WaveRestoreCursors {{Cursor 1} {0 ps} 0}
quietly wave cursor active |
configure wave —namecolwidth
configure wave —-valuecolwidth
configure wave —-Jjustifyvalue left
configure wave —-signalnamewidth
configure wave —-snapdistance 1(
configure wave —-datasetprefix
configure wave —-rowmargin 4

configure wave —childrowmargin
configure wave —-gridoffset

configure wave —-gridperiod

configure wave —griddelta 4«
configure wave —-timeline C

configure wave —-timelineunits ns
update

WaveRestoreZoom




Example 1 — Modelsim - Script

M ModelSim ALTERA STARTER EDITION 10.1d

Edit View Compile Simulate Add
MNew »

Qpen...
Load
Close

Import

Export

save Transaipt Cirl+5

oave Transcript As...
Report...
ﬁ_mgeﬁécb:w. o
Use Source...
Source Directory...

Datasets...
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Example 1 — Modelsim - Script

Copyright © 2003 Altera

F

Procurar Pasta

==

Please choose a directory, then select QK.

C:\sersuser\Google

nl-:l L I.J-\.—\. -\-J-l-\-:.'ld-ll -llnl'lﬂl-'l'l l HHHHHHH 1-I- IL\--II ‘MHJ"HIH:MI:"-’HMHIH 1 nﬂl

Exemplol PortaAND2to 1

| modelsim #

. Exemplc
worl
, Exemple__
E:ncen'q:uh:'—-I
. Exemplc
Exempla Il




Example 1 — Modelsim - Script

do tb my project.do

Kl

ModelSim> do th my project. :ici

Opsto 36ns
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Example 1 — Modelsim - Script

4 ModelSim ALTERA STARTER EDITION 10.1d =i
File Edit View Compile Simulate Add Transcript Tools Llayout Bookmarks Window Help

|| Gt (EF[ 0 ELEIEES | 9 O H XTI LR || ooufimiae ﬂ\

d4a-28 8L ﬂMJFJJJ\I—JJ DS i
T SEE"IiJ@@;y‘ i 3 - T J ¥ \x‘

' sim -Default ————sn———— H A X ‘I Objects
Y'IInstance |Design unit |DES|gn ur
—HMl tb portaand2tol th_portaan... Architech

+ W ot portaand2t... Architect

L stim_proc th_portaan... Process

M standard standard Package

W textio textio Package

B std_logic_1164 std_logic_1... Package

| i |
% Processes (Active) ——— Hdl x|
"1Name |Type {filtered) |5t:'

‘ | ﬁie 0.00ns
m Library |H|I Call Stack | §F) sim ,_ﬁi] il | .

{1 Transcript

# .main_pane.structure.intericr.cs.body.struct
# .main _pane.objects.interior.cs.body.tree

VSIM 11> sim:/th_portaand2tel]

Mow: 30 ns Delta: 0 |sim:ﬁbjonaand2m1
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Packages

B Packages are a convenient way of storing and using
information throughout an entire model

B Packages consist of:
— Package Declaration (Required)
* Type declarations
» Subprograms declarations
— Package Body (Optional)
« Subprogram definitions

® VHDL has two built-in Packages
— Standard
— TEXTIO
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Package Example

PACKAGE filt_cmp IS
TYPE state type IS (idle, tap1, tap2, tap3, tap4);
COMPONENT acc
port(xh : in std_logic_vector(10 downto 0);
clk, first: in std_logic;
yn : out std_logic_vector(11 downto 4));
END COMPONENT;
FUNCTION compare (variable a , b : integer) RETURN boolean;
END filt_cmp;
PACKAGE BODY filt_cmp IS
FUNCTION compare (variable a, b : integer) IS
VARIABLE temp : boolean;
Begin
If a <b then
temp := true ;
else
temp := false ;
end if;
RETURN temp ;
END compare ;
END fily_cmp ;
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Package Declaration

Package Body




Libraries

B Contains a package or a collection of packages
B Resource Libraries

— Standard Package

— |IEEE developed packages

— Altera Component packages

— Any library of design units that are referenced in a
design

B Working Library
— Library into which the unit is being compiled
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Model Referencing of Library/Package

B All packages must be compiled

B Implicit Libraries

— Work

— STD

= Note: Items in these packages do not need to be referenced,

they are implied

LIBRARY Clause
— Defines the library name that can be referenced
— |s a symbolic name to path/directory
— Defined by the Compiler Tool

B USE Clause

— Specifies the package and object in the library that you have
specified in the Library clause
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Example

LIBRARY ieee;
USE ieee.std_logic_1164.all;
ENTITY cmpl_sig IS
PORT ( a, b, sel : IN std_logic;
X, ¥, z : OUT std_logic;
END cmpl_sig;
ARCHITECTURE logic OF cmpl_sig IS
BEGIN
-- simple signal assignment
x <= (a AND NOT sel) OR (b AND sel);
-- conditional signal assignment
y <= a WHEN sel='0' ELSE
b;
-- selected signal assignment
WITH sel SELECT
z<=aWHEN '0,
b WHEN '1',
'0' WHEN OTHERS;
END logic;
CONFIGURATION cmpl_sig_conf OF cmpl_sig IS
FOR logic
END FOR;
END cmpl_sig_conf;
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B LIBRARY <name>, <name> ;

— name is symbolic and define by
compiler tool

= Note: Remember that WORK
and STD do not need to
be defined.

USE lib_name.pack name.object;
 ALL is areserved word

B Placing the Library/Use clause 1st
will allow all following design units
to access it




Libraries

B LIBRARY STD ;

— Contains the following packages:

- standard ( Types: Bit, Boolean, Integer, Real, and Time.
All operator functions to support types)

* textio (File operations)

— An implicit library (built-in)
» Does not need to be referenced in VHDL design
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Types Defined in Standard Package

m Type BIT
— 2 logic value system (‘0’, ‘1)
signal a_temp : bit;
— BIT_VECTOR array of bits
signal temp : bit_vector(3 downto 0);
signal temp : bit_vector(0 to 3) ;
B Type BOOLEAN
— (false, true)
B Integer
— Positive and negative values in decimal
signal int_tmp : integer; -- 32 bit number
signal int_tmp1 : integer range 0 to 255; --8 bit number
= Note: Standard package has other types
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Libraries

B LIBRARY IEEE;

— Contains the following packages:
- std_logic_1164 (std_logic types & related functions)
- std_logic_arith (arithmetic functions)
- std_logic_signed (signed arithmetic functions)
- std_logic_unsigned (unsigned arithmetic functions)

Copyright © 2003 Altera Corporation




Types Defined in std_logic_1164 Package

B Type STD _LOGIC
— 9logic value system (‘U’, X, ‘0, “1°, 'Z’, 'W’, ‘'L, ‘H’, *-)
« ‘W', 'L, ‘H” weak values (Not supported by Synthesis)
« ‘X' - used for unknown
« 'Z"- (not 'Z’) used for tri-state
- ““Don’t Care
— Resolved type: supports signals with multiple drives

B Type STD_ULOGIC
— Same 9 value system as STD _LOGIC

— Unresolved type: Does not support multiple signal drives;
Error will occur
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VHDL Operators

Operator Type Operator Name/Symbol

Logical and or nand nor xor xnor,

Relational = |= < <= > >=

Adding + - &

Signing +

Multiplying * | mod rem

Miscellaneous ** abs not
Copyright © 2003 Altera Corporation (1) SUppOrted In VHDL ‘93 Only @




Operator Overloading

B How do you use Arithmetic & Boolean functions with
other data types?

— Operator Overloading - defining Arithmetic & Boolean
functions with other data types

B Operators are overloaded by defining a function
whose name is the same as the operator itself

— Because the operator and function name are the same, the
function name must be enclosed within double quotes to
distinguish it from the actual VHDL operator

— The function is normally declared in a package so that it is
globally visible for any design
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Review

B Terminology
— Synthesis
— Behavior Modeling
— Structural Modeling
B Design Units
Entity
Architecture
Configuration
Package
B Libraries
— work
— ieee
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Architecture Modeling

Fundamentals




Using Signals

B Signals represent physical interconnect (wire) that communicate
between processes (functions)

B Signals can be declared in Packages, Entity and Architecture

Process Process

Functional Functional

Block: signals | 5, .. |ISignals_

MUX REGISTERS
(signals) (signals)
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Assigning Values to Signals

SIGNAL temp : STD_LOGIC_VECTOR (7 downto 0);

m All bits:

temp <= “101010107;

temp <= x”AA” ; (1076-1993)
B Single bit:

temp(7) <= ‘1’;
B Bit-slicing:

temp (7 downto 4) <= “10107,
B Single-bit: single-quote ()
B Multi-bit: double-quote ()
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Signal Used As an Interconnect

LIBRARY ieee;

USE ieee.std logic 1164.all;

ENTITY simp IS

PORT(r, t,g, h:IN STD_LOGIC;
gb : OUT STD_LOGIC);

END simp;

ARCHITECTURE logic OF simp IS

SIGNAL qga: STD_LOGIC;

BEGIN

gqa <=rorf;
gb <= (ga and not(g xor h));

END logic;

Signal: qa

—ab>

r,t, g, h, and gb are Signals (by default
ga is a buried Signal and needs to be
declared
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Simple Signal Assignments

B Format:. |<signal_name> <= <expression>;

B Example: ga <=
gb <= (ga and not(g xor h)); implied process

Parenthesis () give the
order of operation

D, ab>

B VHDL Operators are used to describe the process
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Conditional Signal Assignments

B Format: | <signal_name> <= <signal/value> when <condition1> else
<signal/value> when <condition2> else

<signal/value> when <condition3> else
<signal/value>;

B Example:

q <= a WHEN sela ="1"ELSE
b WHEN selb = “1" ELSE
C,

implied process
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Selected Signal Assignments

B Format:

WITH sel SELECT
g <= a WHEN “007,
b WHEN “017,
c WHEN “107,
d WHEN OTHERS;

Copyright © 2003 Altera Corporation

with <expression> select
<signal_name> <= <signal/value> when <condition1>,
<signal/value> when <condition2>,

<signal/value> when others;

implied process




If-Then Statements

B Format: B Example:

IF <condition1> THEN PROCESS(sela, selb, a, b, c)
{sequence of statement(s)} BEGIN

ELSIF <condition2> THEN IF sela=‘1’ THEN
{sequence of statement(s)} q <= a;

ELSIF selb="1" THEN
q <=b;

ELSE . ELSE

{sequence of statement(s)} q <=C;

END IF; END IF;
END PROCESS;

C

b

d
selb | —
Copyright © 2003 Altera Corporation
sela |




Case Statement

B Format:

CASE {expression} IS
WHEN <condition1> =>
{sequence of statements}
WHEN <condition2> =>
{sequence of statements}

WHEN OTHERS => -- (optional)
{sequence of statements}
END CASE;
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B Example:

PROCESS(sel, a, b, c, d)
BEGIN
CASE sel IS
WHEN “00” =>
q <= a;
WHEN “01” =>
q <=Db;
WHEN “10” =>
q <=C;
WHEN OTHERS =>
q<=d;
END CASE;
END PROCESS;
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Sequential LOOPS

B [nfinite Loop

— Loops infinitely unless EXIT
statement exists

®m While Loop
— Conditional test to end loop

B FOR Loop
— lteration Loop
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[loop label]LOOP

--sequential statement
EXIT loop label ;
END LOOP;

WHILE <condition> LOOP
--sequential statements
END LOOP;

FOR <identifier> IN <range> LOOP
--sequential statements
END LOOP;




Two Types of Process Statements

Combinatorial Process

— Sensitive to all inputs used in
the combinatorial logic

Example
PROCESS(a, b, ssl)

sensitivity list includes all inputs used
in the combinatorial logic

Sequential Process

— Sensitive to a clock or/and
control signals

Example

PROCESS(clr, clk)
~

sensitivity list does not include the d input,
only the clock or/and control signals

Copyright © 2003 Altera Corporation




DFF - rising_edge

LIBRARY ieee;
USE ieee.std _logic_1164.all;

ENTITY dff b IS

PORT (d:in std_logic;
clk : in std_logic;
q : out std_logic

);
END dff b;

ARCHITECTURE behavior OFdff b IS . .
BEGIN _ rlsmg_edge

PROCESS(l) (| - IEEE function that is defined in
BEGIN the

IF ”Sing—esii(‘;'_k) THEN std_logic_1164 package
END IF: ’ — specifies that the signal value
END PROCESS; must be 0 to 1

END behavior; — X, Z to 1 transition is not allowed
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DFF with asynchronous clear

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

ENTITY dff clr IS

PORT ( clr: in bit;
d, clk : in std_logic;
g : out std_logic
);

END dff clr;

ARCHITECTURE behavior OF dff clr IS
BEGIN
PROCESS(clk, clr)

BEGIN

IF clr ='0' THEN
q <= IOI;

ELSIF rising_edge(clk) THEN
q<=d;
END IF;
END PROCESS;
END behavior;

Copyright © 2003 Altera Corporation

— This is how to implement
asynchronous

control signals for the register
— Note: This IF-THEN statement

is outside the IF-THEN statement

that checks the condition rising_edge
— Therefore, clr="1’ does not depend

on the clock
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Design Hierarchically - Multiple Design Files

B VHDL hierarchical design requires Component
Declarations and Component Instantiations

top.vhd

entity-architecture “top”
component “mid a”
component “mid b”

mid a.vhd mid b.vhd
entity-architecture “mid a” entity-architecture “mid b”
component “bottom a” component “bottom a”

component “bottom b”

bottom a.vhd bottom b.vhd
entity-architecture “bottom a” entity-architecture “bottom b”
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Component Declaration and Instantiation

B Component Declaration - Used to declare the Port types and
the Data Types of the ports for a lower-level design
COMPONENT </ower-level _design _name> IS
PORT ( <port_name> : <port_type> <data_type>;

<port name> : <port type> <data_ type>);

END COMPONENT;

B Component Instantiation - Used to map the ports of a lower-
level design to that of the current-level design

<instance name> . <lower-level design _name>

PORT MAP(<lower-level port hame> => <current level port name>,
...,<lower-level port name> => <current level port name>);
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Library Altera/LPM

B LIBRARY ALTERA;

— Contains the following packages:

* maxplus2 (Component declarations for all primitives and old-
style megafunction Altera libraries)

 megacore (Component declarations for some Altera
Megacores)

H LIBRARY LPM;

— Contains the following packages:

* Ipm_components (Component Declarations for all Altera LPM
functions)

= Note: See MAX+PLUS Il or Quartus online help for more
information
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LPM Instantiation

B All of the Altera LPM macrofunctions are declared in
the package Ipm_components.all in the
LIBRARY Ipm;

B The MegaWizard Plug-in Manager in MAX+plus Il
and Quartus creates the VHDL code instantiating the
LPM or Megafunction

H |In the VHDL Code:
LIBRARY Ipm;

USE Ipm.lpm_components.all;
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LPM Instantiation - I[pm_muilt

LIBRARY ieeeg;
USE ieee.std logic_1164.all;
USE ieee.std logic_unsigned.all;

LIBRARY Ipm;
USE Ipm.l[pm_components.all;

ENTITY tst mult IS
PORT ( a, b :instd_logic_vector(7 downto 0);

g_out : out std logic vector(15 downto 0));
END tst mult;

ARCHITECTURE behavior OF tst_ mult IS
BEGIN
ul:lpm_mult GENERIC MAP (Ipm_widtha => 8, [pm_widthb => 8,
lpm_widths => 16, I[pm_widthp => 16)
PORT MAP(dataa => a, datab => b, result => q_out);

END behavior;
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Exemplo 10 - HelloWorld

B Fazer um led piscar a uma frequénciade 1 s
B Utiliza a frequéncia de 50 MHz

AddO

A[24.0 cnt[24..0] Equall
B[24. PRE A[24..0
s =%, T D i{)
25 h0000000 — — B B[] =
: 5 hOBEBC 1F —

ADDER

EQUAL
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Exemplo 10 — HelloWorld - VHDL

o
)
W o ] a
4

MNL2a T vng L | B i FoiEAN I eI Ly =] Hellovvond vhad kg |
= — Exemplo 10 - HelloWorld
{—— Arquitetura de Computadores

—— Praf. Erivelton
—— Adaptaed from: Martin Schoeberl

¥t

library leece;
use icee.std logic 1164.all;
use jiecs.numeric std.all;

.___| .-1.| |._'r|

Hentity HelloWorld is

in std_loqic;
leds out atd logie
¥
~end HelloWorld;
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Exemplo 10 — HelloWorld — VHDL

Harchitecture rtl of HelloWorld is
constant CLK FREQ : integer := 50000000;
constant BLINK FREQ : integer g
constant CNT MAX : integer := CLK FREQ/BLINK FREQ/2-1;
— Sinais
signal cnt : unsigned(Z24 downto 0);
signal blink : #td login;
begin
process (clk)
begin
if rising edge(clk) then
if cnt=CNT MAX then
cnt <= (others => 'L
Bladik: €= ot blink:
else
cnt <= cnt +
end if;
end if;
end process;
led <= blink;
-end rtl:;

[

o b

i
L )
<
™y
3
=
oy
=
L
=
&
~
2
=
R
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Exemplo 10 — HelloWorld

Node Name Direction Location
”5;,_ x =
Ut Jed Output
<<new node>>
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Exemplo 10 — HelloWorld - TestBench

B Elaboragao de um : —
TestBench para o HelloWord , et »

usando o Quartus Il - AHDL File o
Block Diagram/Schematic File

University Program WVF EDIF File

. ~ ;s il
Simulagédo maxima 100 us R

: Systemverilog HDL File
O VHDL precisa ser alterado o ging

para comportar esse tempo Verllog HOL File
YHOL File

Sugere-se uma frequéncia &' iy Fis
de 500 kHZ Hexadecmal (Intel-Format) File

Memaory Initialization File
4 Verification/Debuaging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
_é Liniversity Program YWF
4 (ther Files
AHDL Incude File
Block Symbal File
Chain Description File
Synopsys Design Constraints File
Text File

0K H Cancel || Help |
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Exemplo 10 — HelloWorld - TestBench

€4 Simulation Waveform Editor - C:/Users/user/Google Drive/teaching/201801/argcompy/c
File Wiew  Simulation Help =)
& H  Delete Del & 7 }.@ S

Insert i
Mast _ Insert Mode or Bus... b0.31ns

Value
Grouping 20.0 ns IED.IIII ns 240.0

Reverse Group or Bus Bit Order

Radix

Grid Size...
Set End Time...
Snap to Grid

Snap to Transition

Properties...
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Exemplo 10 — HelloWorld - TestBench

-
€4 Insert Node or Bus E

OK

INPUT | Cancel

]

Value type: |9-ievel

[Mdﬂ' Finder... | é—_—

Radix: Binary

Bus width: 1

Startindex: 0

[ 'Sy corle
L giay Code

SNay
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Exemplo 10 — HelloWorld - TestBench

©4 Node Finder

Mamed: * Filter: |Pins: all

Lookin: * |

Modes Found: Selected Modes:

Mame Mame
L ik
2 Jed




Exemplo 10 — HelloWorld - TestBench

£4 Simulation Waveform Editor - C:/Users/user/Google Drive/teaching/201801/arqcomp/quartus-project/Hello
File |Edit | View Simulaton Help 5

E 3 Delete Del %}E YR WP Y 2 g;§

Tt — —
Mast i |« | [ » | pointer: 705 ne

Value Forcing Unknown (%) Cirl +Alt+X
Forcing Low {00 Ctrl+alt+0

Grouping

Reverse Group or Bus Bit Oraer Forcing High (1) Cirl+Alt+1
High Impedance (Z) Ctrl+alt+2
Weak Low (L) Cirl+alt+
Weak High (H) Ctrl+Alt+H |

Invert Cirl+alt+

Radix

Grid Size...

W N T Do 3

Set End Time...

—
=
<

Snap to Grid
Count Value... Ctrl+alt+v

Owverwrite Clodk... Cirl +AlE+H ?

Arbitrary Value... Ctrl+alt+B

Snap to Transition

#M Properties...

Random Values. .. Ctrl+alt+R

BT
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Exemplo 10 — HelloWorld - TestBench

£4 Simulation Waveform Editor - C:/Users/user/Google Drive/teaching/201801/a

Fle Edit View [Smulaton | Help 5

|,*] £ % 0 Options 2 I‘E'”E
»®  Run Functional Simulation e——

Master Time Bar: ¢ ™ ointer: 3.
@ ¥ Run Timing Simulation

/7= Generate ModelSim Testbench and Saript 20,1
oos ' .
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Exemplo 10 — HelloWorld - TestBench

£4 Simulation Waveform Editor - [HelloWord.sim.vwf (Read-Only)]

= | =

Help =
et T J!_LE}{E}@%

| 4 || b |F'|:|in1:er: 4.3 us Interval: 4.36us Start:

Fle Edit
NE

Master Time Bar:

View  Simulation

Rl IR R -

-~

0ps

20,498 us 40,96 us 61,99 us
1 1 1

4 [

51.92 us
1

3l s

Owerwrite Forcing Low

0% 00:00:00
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