Introduction of VHDL

FPGA Design process (1)

Design and implement asimple unit permitting to
speed up encryption with RC5-similar cipher with

fixed key set on 8031 microcontroller. Unlikein Specification / PseudOCOde

the experiment 5, thistimeyour unit hasto be able
to perform an encryption algorithmby itself,

executing 32 rounds..

On-paper hardware design

. (Block diagram & ASM chart)

Library |IEEE;
useieeestd_logic_1164.all;
useieeestd_logic_unsigned.all;

entity RC5_coreis
port(
clock, reset, encr_decr: in std_logic;
data_input: in std_logic_vector(1 downto 0);

data_output: out std_logic_vector(21 downto 0);

out_full: instd_logic;
key_input: in std_logic_vector(21 downto 0);

key_read: out std_logic;

)i
end AES core;
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VHDL description (Your Source Files)
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. Configuration

FPGA Design process (2)

j— Implementation

Timing simulation
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On chip testing
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Functionally
verified
VHDL code

Xilinx XST

N/

Tools used in FPGA Design Flow

Design

—

Synthesis

Synplify Premier

Xilinx ISE

Implementation
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Synthesis Tools

t g
&
$2XILINX Synplicty

Xilinx XST Synplify Premier

... and others

Logic Synthesis

VHDL description Circuit netlist

architectureMLU_DATAFLOW of MLU is

signal A1:STD_LOGIC;
signal B1:STD_LOGIC;
signal Y1:STD_LOGIC;
signal MUX_0, MUX_1, MUX_2, MUX_3: STD_LOGIC;

begin

A1<=A when (NEG_A='0) dlse
notA;

B1<=B when (NEG_B='0) dse
not B;

Y<=Y1when (NEG_Y='0) else
not Y1;

MUX_0<=AlandB1;
MUX_1<=Alor B1;
MUX_2<=A1xor B1,;
MUX_3<=A1 xnor B1;

with (L1 & LO) select
Y 1<=MUX_0 when "00",
MUX_1 when "01", |
MUX_2 when "10",
MUX_3 when others;




Circuit netlist (RTL view)
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Mapping
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Routing

| Programmable Connections I—

Xilinx XST Inputs/Outputs

l VHDL l | Verilog l

/ |

Xilinx Synthesis Technology (XST)
Specific Optimization

= B

RTL Viewer Technology Viewar & Synthesis Report
Implemenlation Tools Files
4 L " R
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Implementation

» After synthesis the entire implementation process

Is performed by FPGA vendor tools

2 XILINX®

13
| lementation
implementation
Translate Map Post-Map STR Place&Route Post-PAR STR Timing
Completed Completed Completed Completed Completed Completed
Writing VHLEL SDF file 'cime sim.sdf' ... :-.I
INFO:HetListWritars:655 - The yeneratsd VHDL retliat contains Xiling SIMERIN
simulation primitive= and has to be used with SIEFRIN library for correct
] cowpilation and simulation,
INFOiNetListVritecs — X1lind recommends ruanlng separate simulatlons to check
] for sctup by specifying the MAX field in the SDF file ond for hold by
1 specifying the HIN fis=ld in the 5IF file. Flease refer to Simulator
| Socumencation for more cetails on specifying NIN and MAX field in the SDF.
INFO:NetListldritersi6hs = For more 1nformatlon oh how Lo pass the SDF switches
ro the simulacor, ses your Simmlator tool documencation.
[Nunicer of warnings=: 0
Nuricer of info mEEsages: Kl
Totzl memory usage is 1EEBB4 kilobytes
||Cresated netgen log =ile 'time sim.nlf'.
Implementation wvarl->revl: 0 ecrori=j, 7 warningi=j
Implementacion ended wich warning(s).
=
Pl ooW | M| cese |
14
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Translation ST XILINX

_

Circ_uit Timing Constraint Editor
Netlist Constraints or Text Editor
User Constraint File

4

Translation

$

NGD Native Generic Database file

Configuration

» Once adesign is implemented, you must create a file

that the FPGA can understand
> Thisfileis called abit stream: aBIT file (.bit extension)

» The BIT file can be downloaded directly to the
FPGA, or can be converted into a PROM file which

stores the programming information

3/31/2016



Two main stages of the
FPGA Design Flow

Technology
Technology dependent
independent

- Code analysis - Mapping of extracted logic - Placement of generated - Bitstream
- Derivation of main logic structures to device primitives netlist onto the device generation
constructions - Technology dependent -Choosing best interconnect - Burning device

- Technology independent optimization structure for the placed
optimization —Appli(_:align of “synthesis design .
- Creation of “RTL View” constraints -Application of “physical
-Netlist generation constraints”
- Creation of “Technology View”

Introduction to VHDL

« What isVHDL?
-~ Very High Speed Integrated Circuit (VHSIC)
- Hardware
- Description
- Language

. VHDL: aformal language for specifying the behavior
and structure of adigital circuit.

. Verilog: another, equaly popular, hardware description
language (HDL).

18
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Basic VHDL Convention

« VHDL iscaseinsensitive

« Naming and Labeling
- All names should start with aletter

- Should contain only alphanumeric characters, and the
underscore; no other characters allowed
« Should not have two consecutive underscores
« Should not end with an underscore

- All names and labels in a given entity and architecture
must be unique

19

Basic VHDL Convention

Free format language
- 1.e. alows spacing for readability

« Comments start with “--"" and end at end of line

Use onefile per entity

File names and entity names should match

20
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Logic Circuits in VHDL

« VHDL description includes two parts
- Entity statement
- Architecture statement

. Entity
- Describesthe interface (i.e. inputs and outputs)

« Architecture
- Describes the circuit implementation

21

Example: NAND Gate
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Example VHDL Code

» 3 sections to a piece of VHDL code
» File extension for a VHDL file is .vhd

» Name of the file should be the same as the entity name
(nand_gate.vhd) [OpenCores Coding Guidelines]

LI BRARY i eee;
USE ieee.std_logic_1164.all; LIBRARY DECLARATION
ENTI TY nand_gate | S
PORT(
a : INSTD LOGC
b . IN STD_LGGA C;
z : OUT STD LOG O); ENTITY DECLARATION

END nand_gat e;

ARCHI TECTURE nodel OF nand_gate |S
BEG N
z <= a NAND b;

END nodel ;
‘ } ARCHITECTURE BODY

23

VHDL Program Structure

Entity
Architecture

Entity Entity Entity
Architecture | | Architecture . Architecture

Module 1 Module 2 Module N

24
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Entity Declaration

» Entity Declaration describes the interface of
the component, i.e. input and output ports.

Entity name Port t
Port names ype .
Semicolon
ENTI TY nand, Tgaté IS /
PCRT(
IN STD_ LOG c P
: IN STD_LOG G No Semicolon

)-Z parsmloac,  — after last port

END nand_gat e; \
4

\
Port modes (data flow directions)

_ Reserved words

25

Entity declaration - simplified
syntax

ENTITY entity_name IS
PORT (
port_name : port_mode signal_type;
port_name : port_mode signal_type;
port_name : port_mode signal_type);
END entity _name;

26
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Ports: Mode

. IN
- Driver outside entity; can be read

. OUT

~ Driver inside entity; cannot be read

INOUT
~ Driver inside and outside entity; can be read

BUFFER
~  Driver inside entity; can be read

27

Port Modes - Summary

The Port Mode of the interface describes the direction in which
data travels with respect to the component

o In: Data comes into this port and can only be read within the
entity. It can appear only on theright side of asignal or
variable assignment.

> Qut: The value of an output port can only be updated within
the entity. It cannot beread. It can only appear on the left
side of asigna assignment.

> Inout: The value of abi-directional port can be read and
updated within the entity model. It can appear on both sides
of asignal assignment.

28
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Ports: Data Types

bit std_ulogic
boolean std_logic

integer bit_vector
natural string

positive std_ulogic_vector
character std_logic_vector

There are other data types, including enumerated types.

29

The Architecture Statement

Keyword: Architecture
Requires aname
- Themode istypically chosen as the name

References the name of the associated Entity

Specifies the functionality of the Entity
- Using one of several models

Multiple architectures can be associated with asingle
entity
~ Only one architecture may be referenced

3/31/2016
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The Architecture Statement

Associated with each entity is one or more architecture
declarations of the form

architecture architecture-name of entity-nameis
[declarations]

begin
architecture body

end [architecture] [architecture-name];

In the declarations section, we can declare signals and
components that are used within the architecture. The architecture
body contains statements that describe the operation of the
module.

31

Entity Declaration & Architecture

nand_gate.vhd

LI BRARY i eee;
USE i eee.std_|logic_1164.all;

ENTI TY nand_gate IS

PORT(
a : IN STD_LQGG C;
b : IN STD_LOG C;
z : QUT STD_LOA O);

END nand_gat e;

ARCHI TECTURE dat af | ow OF nand_gate | S
BEG N

z <= a NAND b;
END dat af | ow;

32
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Signals

« Can be wires or buses (groups of wires)
- Wire
SIGNAL a: STD_LOGIC;
- Bus (with 8 wires)
SIGNAL b8: STD_LOGIC_VECTOR(7 DOWNTO 0);
- Bus (with 16 wires)
SIGNAL b16: STD_LOGIC_VECTOR(15 DOWNTO 0);

. Used to interconnect entities and components

Signals

SIGNAL a : STD_LOGIC;

a

1 wire

SIGNAL b : STD_LOGIC_VECTOR(7 DOWNTO 0);

34
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Standard Logic Vectors

SIGNAL a: STD_LOGIC;

SIGNAL b: STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL c: STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL d: STD_LOGIC_VECTOR(15 DOWNTO 0);
SIGNAL e: STD_LOGIC_VECTOR(8 DOWNTO 0);

a<= ‘1;

b <="0000"; —— Binary base assumed by
default

c <= B”00007; —-— Binary base explicitly specified
d <= X"AF677; -- Hexadecimal base

e <=0"723"; —-- Octal base

35

Vectors and Concatenation

SIGNAL a: STD LOG C_VECTOR(3 DOWNTO 0);
SIGNAL b: STD _LOG C_VECTOR(3 DOWNTO 0);
SIGNAL ¢, d, e: STD LOG C_VECTOR(7 DOANTO 0):

a <= "0000";
b <= "11117%;
c <= a & b; -- ¢ = 700001111"
d <= ‘0" & 700011117 -- d <= ”00001111”

e<= ‘0 &0 &0 &0 &1 & 1 &
‘17 & il!;

- e <= "00001111”

36
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VHDL Operators

Predefined VHDL operators can be grouped into seven classes:

-

-

*

NS RN

binary logical opcrators: and or nand nor xor xnor
relational operators: = /= < <= > >=

shill operators: sll srl sla sra rol ror

adding operators; + — & (concatenation)

unary sign operators: + —

multiplying operators: * / mod rem

miscellaneous operators: not abs **

When parentheses are not used, operators in class 7
have the highest precedence and are applied first,
followed by class 6, then class 5, etc.

37

Library Declarations

LI BRARY i eee;
USE i eee.std_logic_1164.arts

ENTI TY nand_gate IS

PORT(

a

b

z

END nand_gat e;

BEG N

END nodel ;

: IN STD_LOG C;
: IN STD_LOG C;
: QUT STD_LCA ©);

ARCHI TECTURE nodel OF nand_gate IS

z <= a NAND b;

Library declaration

| Use all definitions from the package
std_logic_1164

38
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Library declarations - syntax

LIBRARY library_name;
USE library_name.package_name.package_parts;

39

Fundamental parts of a library

LIBRARY
PACKAGE 1 PACKAGE 2
TYPES TYPES
CONSTANTS CONSTANTS
FUNCTIONS FUNCTIONS
PROCEDURES PROCEDURES
COMPONENTS COMPONENTS

40

3/31/2016

20



Libraries

} Iegeecifies multi-level logic system Need to be explicitly
P gic sy ’ declared

including STD_LOGIC, and
STD_LOGIC_VECTOR data types

» std N\

Specifies pre-defined data types
(BIT, BOOLEAN, INTEGER, REAL,
SIGNED, UNSIGNED, etc.), arithmetic

operations, basic type conversion > Visible by default
functions, basic text i/o functions, etc.

» work

current designs after compilation ./

41

STD_LOGIC

LI BRARY i eee;
USE i eee.std_|logic_1164.all;

ENTI TY nand_gate IS
PORT(

a : IN STD_LOG G,
b . IN STD_LGG C;
z : OQUT STD LOA Q) ;

END nand_gat e;

ARCHI TECTURE dat af | ow OF nandMgate | S
BEG N

z <= a NAND b;
END dat af | ow;

What is STD_LOGIC you ask?

42
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BIT versus STD_LOGIC

» BIT type can only have a value of ‘0" or ‘1’
» STD_LOGIC can have nine values

TUXL0 WL H

- Useful mainly for simulation
‘0’,’1’,and ‘Z’ are synthesizable
(your codes should contain only these
three values)

43

STD_LOGIC type demystified

Value Meaning

‘v’ Uninitialized

X Forcing (Strong driven) Unknown

‘0 Forcing (Strong driven) 0

‘v Forcing (Strong driven) 1

‘z High Impedance

‘W’ | Weak (Weakly driven) Unknown

Weak (Weakly driven) 0.
Models a pull down.

Weak (Weakly driven) 1.
Models a pull up.

Don't Care

3/31/2016
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VHDL Example

Entity

Ow

Architecture

VHDL Example

32 entity comb_log
33 Pert { A,B,C @ in
a4 F i ont

s end cemb_logic_ckt_1;

38 bagin

3
U F «<m ( noti{f) acd B 2nd © ) or |
4l

4z end Boolean EXp;

1 architecture Boolean Exp of comb loglc ckt 1 1s

and not (B)

and

C

i

or ¢ A and 3 and not{C)

1:

3/31/2016
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Types of VHDL Description
(Modeling Styles)

47

Types of VHDL Description: Convention
used in this class

VHDL Descriptions

* Testbenches

/ dataflow structural behavioral
i
i Concurrent Components and Seqtﬁential statements
statements interconnects . Reg’i'sters
« State machines

+Decoders

48
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Types of VHDL Description: Alternative
convention
VHDL Descriptions

Behavioral
Structural dataflow algorithmic
Components Concurrent Sequential
& interconnects statements statements

49

Entity xor3_gate

A D— )D — %
B— ’ —
B C B— } Result

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY xor3_gate IS

PORT(
A IN STD_LOGIC;

B : IN STD_LOGIC;

C: IN STD_LOGIC;

Result : OUT STD_LOGIC
);

end xor3_gate;

50
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Dataflow Architecture (xor3_gate)

ARCHITECTURE dataflow OF xor3_gate IS
SIGNAL Ul _OUT: STD_LOGIC;
BEGIN
Ul OUT <= A XOR B;
Result <= U1 OUT XOR C;
END dataflow;

A PB—— D u1_ouTt
 —
B D—»—) )D»—DResult

cC B—

Dataflow Description

» Describes how data moves through the system and the various processing
steps.
o Dataflow uses series of concurrent statements to realize logic.
o Dataflow isthe most useful style to describe combinational logic
- Dataflow code also called “concurrent” code

» Concurrent statements are evaluated at the same time; thus, the order of
these statements doesn’ t matter

o Thisis not true for sequential/behavioral statements
This order...
Ul_out <= A XCR B;
Result <= Ul_out XOR C
Is the same as this order...
Result <= Ul_out XOR C
Ul _out <= A XOR B;

52
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Structural Architecture in VHDL 93

ARICSHITECTURE structural OF xor3_gate
A R
SIGNAL U1_OUT: STD_LOGIC; B xor3_gate |— Result
c |
BEGIN

U1: entity work.xor2(dataflow)
PORTMAP (11 => A, A [ ) Ul_ouT

. _ ')-» B Result
Y => Ul : C B——

U2: entity work.xor2(dataflow)
PORT MAP (I1 => U1_OUT,
12 =>C,
Y => Result);

PORT NAME

END structural,

LOCAL WIRE NAME

Xor?2

xor2.vhd

LI BRARY i eee;
USE ieee.std_logic_1164.all;

ENTITY xor2 IS

PORT(
11 IN STD_LOG G;
12 IN STD_LOA G;
Y QUT STD_LOA C)
END xor 2;

ARCHI TECTURE dat af | ow OF xor2 | S
BEG N

Y <= 11 xor 12;
END dat af | ow;

54
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Structural Description

» Structural design is the simplest to understand. This style is
the closest to schematic capture and utilizes simple building
blocks to compose logic functions.

» Components are interconnected in a hierarchical manner.

» Structural descriptions may connect simple gates or complex,
abstract components.

» Structural style is useful when expressing a design that is
naturally composed of sub-blocks.

55

Behavioral Architecture (xor3 gate)

ARCHITECTURE behavioral OF xor31S

BEGIN
xor3_behave: PROCESS (A, B, C)

BEGIN
IF ((AXORB XORC)="1) THEN
Result <="1"
ELSE
Result <="'0"
END IF;

END PROCESS xor3_behave;
ND behavioral;

56
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Behavioral Description

» It accurately models what happens on the inputs and
outputs of the black box (no matter what is inside and
how it works).

» This style uses PROCESS statementsin VHDL.

57
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