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Background to VHDL
Introduction to language

Programmable Logic Devices
— CPLDs and FPGAs

— FPGA architecture

— Spartan 3 Starter Board

Using VHDL to synthesize and implement a design
Verilog overview




Hardware Description Languages

« Example HDL's : ABEL, VERILOG, VHDL

* Advantages:
— Documentation
—  Flexibility (easier to make design changes or mods)
— Portability (if HDL is standard)

—  One language for modeling, simulation (test benches), and
synthesis

—  Let synthesis worry about gate generation
* Engineer productivity
« However: A different way of approaching design

— engineers are used to thinking and designing using graphics
(schematics) instead of text.




VHDL

VHSIC Hardware Description Language
— Very High Speed Integrated Circuit

Standard language used to describe digital hardware
devices, systems and components
— Developed initially for documentation

VHDL program was an offshoot of the US Government's
VHSIC Program

Approved as an IEEE Standard in December 1987 (IEEE
standard 1076-1987)

— Revised - now 1076-1993 (supported by all tools)

— Work under way on VHDL-200X

* Integration of 1164 std
» General improvements, etc




VHDL References

IEEE Standard VHDL Language Reference Manual (1076 - 1993)

“Introductory VHDL From Simulation to Synthesis by Sudhakar
Yalamanchilli, 2002, Xilinx Design Series, Prentice Hall
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“VHDL for Programmable Logic” by Kevin Skahill, 1996, Addison
Wesley

“Logic Synthesis using Synopsys”, second edition, by Kurup and
Abbasi, 1997, Kluwer Academic Press

“A VHDL Primer” by J. Bkasker, Third Edition, 1999, Prentice Hall

“Digital Systems Design Using VHDL” by Charles Roth, 1998, PWS
Publishing




What exactly i1s VHDL ?

A way of describing the operation of a system.
— Example: a 2-input multiplexer

ENTITY mux 1S

PORT (a, b, sel - IN std logic;

y - OUT std _logic);
END mux;

ARCHITECTURE behavior OF mux IS
BEGIN

y <= a WHEN sel = “0” ELSE
b;

END behavior;

sel




Example Synthesis Results (not Xilinx)
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Basic Terminology

Note: VHDL is case insensitive, free format.

Comments are preceded by two consecutive dashes.
— comment ends at end of current line

A digital component is described using an
— ENTITY DECLARATION and a corresponding
— ARCHITECTURE BODY.

Std_logic is an enumeration type defined in an IEEE
package

— has the values '0' and ‘1’ and ‘Z’ (and others)
Ports are like IC pins, connected by wires called SIGNALS




IEEE STANDARD 1164

 Provides a standard data type (std_logic) - nine values

U unitialized

X forcing unknown
0 forcing logic 0

1 forcing logic 1

Z high impedance
W weak unknown
L weak logic O

H weak logic 1

- don’t care

« To use standard logic data types place at top of source file

LIBRARY ieee; -- library
USE ieee.std _logic_1164.ALL; -- package
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Entity

The ENTITY defines the external view of the
component

PORTS are the communication links between
entities or connections to the device pins

Note the use of libraries before entity description

LIBRARY 1eee;
USE i1eee.std logic 1164 _ALL;

ENTITY mux IS
PORT (a, b, sel - IN std logic;
y - OUT std logic);
END mux;
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Architecture

The ARCHITECTURE defines the function or behavior or
structure of the ENTITY

Consists of concurrent statements, e.g.
— Process statements
— Concurrent Signal Assignment statements
— Conditional Signal Assignment statements

An entity may have several architectures

ARCHITECTURE behavior OF mux 1S
BEGIN

y <= a WHEN sel = “0” ELSE
b;

END behavior;
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VHDL Notes

* There is no explicit reference to actual hardware
components
— There are no D-type flip-flops, mux, etc
— Required logic is inferred from the VHDL description
— Same VHDL can target many different devices

* There are many alternative ways to describe the required
behavior of the final system

— Exactly the same hardware will be produced
— Some ways are more intuitive and easier to read

* Remember that the synthesis tools must be able to deduce
your intent and system requirements

— For sequential circuits it is usually necessary to follow
recommended templates and style
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Programmable Logic Devices

« Xilinx user programmable devices

— FPGAs - Field Programmable Gate Array
* Virtex 4, Virtex-11, Virtex-11 PRO
e Spartan 3
» Consist of configurable logic blocks
— Provides look-up tables to implement logic
— Storage devices to implement flip-flops and latches
— CPLDs — Complex Programmable Logic Devices
o CoolRunner-11 CPLDS (1.8 and 3.3 volt devices)
o XC9500 Series (3.3 and 5 volt devices)

 Consist of macrocells that contain programmable and-or matrix with
flip-flops
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Electronic Components (Xilinx)

Source: Dataguest

Standard
Logic

ASIC

Programmable
Logic Devices

(PLDs)

Gate Cell-Based Full Custom
Arrays ICs ICs

SPLDs
(PALS)

CPLDs FPGAs

Acronyms

SPLD = Simple Prog. Logic Device -

PAL = Prog. Array of Logic
CPLD = Complex PLD
FPGA = Field Prog. Gate Array

Common Resources

Configurable Logic Blocks (CLB)
Memory Look-Up Table
— AND-OR planes
—  Simple gates
Input / Output Blocks (I0OB)
—  Bidirectional, latches, inverters, pullup/pulldowns
Interconnect or Routing
—  Local, internal feedback, and global
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Xilinx Products (Xilinx)

CPLDs and FPGAS

Complex Programmable Logic Field-Programmable Gate Array

Device (CPLD) (FPGA)
m B Wl NN E
0 0 Wl NN E
Wl NN E
U U Wl NN E
0 U O BN NN N

PAL/22V10-like
More Combinational

Architecture Gate array-like

More Registers + RAM

Density Low-to-medium Medium-to-high

0.5-10K logic gates

Performance Predictable timing
Up to 250 MHz today

Interconnect  “Crossbar Switch”

1K to 3.2M system gates

Application dependent
Up to 200 MHz today

Incremental
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Overview of Xilinx FPGA Architecture (Xilinx)

%qﬂqﬂiﬁiﬁiﬂ;ﬂﬁ:ﬁ* I/O Blocks (IOBS)
Programmable __ |1F 1+
Interconnect ?ﬂ:ﬁ ﬁ ﬁ I? ﬁ% .
q}zﬁ j} I? A;Jj;—% Con.flgurable
Tristate T 77 TF IF 3}% Logic Blocks (CLBs)
Buffers ~ |0-IF LF IF IF IF T
Tddddd g ih
Global

Resources
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Spartan-3 FPGA Family

« “Designed to meet the needs of high-volume, cost-
sensitive consumer electronic applications™

e 326 MHz system clock rate

* Programmed by loading configuration data into static
memory cells — place serial PROM on board

Device | System | CLBs CLB Block User Price
Gates | (4 slices) | flip-flops | Ram (bits) | 10| (250K)
XC3S200 | 200K 480 3,840 216K 173 $2.95

XC3S1000 | 1M 1,920 15,360 432K 391 $12

XC354000 | 4M 6,912 55,296 1,728K 712 $100
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Programmable Functional Elements

Configurable Logic Blocks (CLBs)

— RAM-based look-up tables to implement logic
— Storage elements for flip-flops or latches

Input/Output Blocks

— Supports bidirectional data flow and 3-state operation

— Supports different signal standards including LVDS

— Double-data rate registers included

— Digitally controlled impedance provides on-chip terminations
Block RAM provides data storage

— 18-Kbit dual-port blocks

Multiplier blocks (accepts two 18-bit binary numbers)

Digital Clock Manager (DCM)
— Provides distribution, delaying, mult, div, phase shift of clocks
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Slices and CLBs (Xilinx)

e Each Virtex™-11 CLB
contains
four slices

— Local routing provides
feedback between slices in the
same CLB, and it provides
routing to
neighboring CLBs

— A switch matrix provides
access
to general routing resources

y 4 couT

D> BUFT 4
> BUFT

<G

Switch
Matrix

CouT

<::> Slice S1 <
4

) sliceso

CIN

CIN

Local Routing
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Simplified Slice Structure (Xilinx)

« Each slice has four outputs

— Two registered outputs,
two non-registered outputs é

— Two BUFTSs associated

i : Slice 0 :
with each CLB, accessible —
by all 16 CLB outputs 1 PRE

- i _ LUT — Carry D Q—
 Carry logic runs vertically, — 0
CLR
up only 11
— Two independent R
carry chains per CLB 1 J |
Z LUT — Carry —t gEPREQ_ _____________
1 y
CLR
| E ;
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Detailed Slice Structure (Xilinx)

 The next slides will
discuss the slice
features

LUTSs

MUXF5, MUXEF®6,
MUXF7, MUXF8
(only the F5 and

F6 MUX are shown
In the diagram)
Carry Logic
MULT_ANDs

'—:}YB
= 13 —f —

— :f L © I [ INIT] ’
= 0 we DI gEQ [ -YQ
L3 B E

| .# I
Fé
I s _%r F5
CK WsO |[ BYDG [ Lh
WE A [ =X
A4 WoH [|BX DI LD INIT
DOl H——XQ
- ! l {4 CE
— 13 WE ol
I 12 o EV
[ 11 LuT
[ 10
[
| —
| I—




Look-Up Tables (Xilinx)

e Combinatorial logic is stored in Look-Up Tables (LUTYS)
— Also called Function Generators (FGS)

— Capacity is limited by number of inputs, not compleXigy

* Delay through the LUT is constant

OO wWX>

Combinatorial Logic

o

ZE
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o O o o

N
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e = e

© O Fr »r O OO0
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b O » O +—» O|0
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R B P O O O|N
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Flexible Sequential Elements (Xilinx)

Can be flip-flops or latches

Two In each slice; eight in each
CLB

Inputs can come from LUTSs or
from an independent CLB
Input

Separate set and reset controls

— Can be synchronous or
asynchronous

All controls are shared within a
slice

— Control signals can be inverted
locally within a slice

FDRSE_1

|

L]

D>

D S Q
CE

I

FDCPE

|

e

D PRE Q
CE

CLR

L

LDCPE

|

e

D PRE Q
CE

CLR

L
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|OB Element (Xilinx)

Input path
— Two DDR registers
Output path

— Two DDR registers

— Two 3-state enable
DDR registers

Separate clocks and
clock enables for I and O

Set and reset signals
are shared

________ 0B . ___,
: : 1 Input 1
[ Reg DDR MUXI I |
| |ocki D ' : Reg :
: : | LICK1 :
|
: 553 3-state ! | I
ol S P | [Reg|
I ICK2] |
T
| |Reg| DDR |V|UX:
I |OCK] D : [\\
| I l/ PAD
|
|
! |
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SelectlO Standard (Xilinx)

Allows direct connections to external signals of varied
voltages and thresholds

— Optimizes the speed/noise tradeoff

— Saves having to place interface components onto your board

Differential signaling standards
— LVDS, BLVDS, ULVDS

~ LDT

—- LVPECL

Single-ended 1/O standards
— LVTTL, LVCMOS (3.3V, 2.5V, 1.8V, and 1.5V)
— PCI-X at 133 MHz, PCI (3.3V at 33 MHz and 66 MHz)
— GTL, GTLP
— and more!
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Digital Controlled Impedance (DCI)

« DCI provides
— OQutput drivers that match the impedance of the traces
— On-chip termination for receivers and transmitters

« DCI advantages
— Improves signal integrity by eliminating stub reflections
— Reduces board routing complexity and component count by
eliminating external resistors
— Internal feedback circuit eliminates the effects of temperature,
voltage, and process variations

26



Block SelectRAM Resources (Xilinx)

Up to 3.5 Mb of RAM in 18-

kb blocks

— Synchronous read and write
True dual-port memory

— Each port has synchronous read

and write capability
— Different clocks for each port

Supports initial values

Synchronous reset on output

latches
Supports parity bits

— One parity bit per eight data
bits

18-Kbit Block SelactRAM

o

DlA
DIPA
ADDHA

WEA
ENA
S5HA

> GLKA

i

DIB
CiFB
ADDRB
WEB
ENE
SSRB

™ CLKB

DOA
DOPA

1

fr—

corB

DSIE1_11_ 142000
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Dedicated Multiplier Blocks (Xilinx)

18-bit twos complement signed operation

Optimized to implement multiply and accumulate
functions

Multipliers are physically located next to block
SelectRAM™ memory

Data_A

(18 bits) ™1 4 x 4 signed
1 1 oot 8 x 8 signed

Multiplier ~ ~ > (36 bits) 12 x 12 signed

18 x 18 signed

Data B
(18 bits) >
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Spartan-3 Starter Board

—Expan=zion Connsclors——

k1 Clk2 Platform 1B SRAM
50MHz| | socket | | Flash (512KB x 16) | A1 | | A2 | | B1 |
F a - I - Jhﬂn
2 2 E1EEPE T+
: =1 B b
b " - » -

r 3 y
l’ 1 T T 1° T° Tz
p w . 4 -
Sz 3 WiGA Serial
8 LEDs [=] Sene Port Fort
— 4 buttons © switches PsS2
el Port
displays

53 Starter Board Block Diagram
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Logic Synthesis

* A process which takes a digital circuit description and
translates it into a gate level design, optimized for a

particular implementation technology.

VHDL
Source
Code

Technology
Library

VHDL
Analyzer

VHDL

Synthesizer

Netlist

Constraints
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Xilinx Design Process (Xilinx)

Stepl: Design

— Two design entry methods: HDL(Verilog or

VHDL) or schematic drawings
Step 2: Synthesize to create Netlist

— Translates V, VHD, SCH files into an industry

standard format EDIF file
Step 3: Implement design (netlist)
— Translate, Map, Place & Route
Step 4: Configure FPGA
— Download BIT file into FPGA

HDL code| |Schematic

Synthesize

Synthesis
CONSTRAINTS

Netlist

Implementation

Implement CONSTRAINTS

BIT File
4

<@
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Xilinx Design Flow (Xilinx)

Plan & Budget ::{> Create Code/

Schematic

—>

Implement

Translate ﬁ

Map
— =

Place & Route

1| Functional
~" | Simulation

—

Attain Timing Timing
Closure :>

Simulation

HDL RTL
Simulation

==

<I': Synthesize
to create netlist

:Il> Create
Bit File
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Program the FPGA (Xilinx)

 There are two ways to program

an FPGA F'ru:u:essecs far Current 5 ource: =
- Launch ModelSim Simulator
— Through a PROM device ------- 85 Launch®Sim Simulator
e You will need to generate a e "-.-".IE.".-‘-.' YHOL Instantiation Template
B X 2 Sunthesize
file that the PROM - ig# Implement Design
programmer will understand N\ | @ ®- 37 Translate
e N e g Map
— Directly from the computer NG B Yo Place & Foute

« Use the IMPACT S AT |
) ) - Frogramming File Generation A epc
configuration tool -~ ™ Generate PROM File
= Configure Device [i(MPALCT]

KN | B

B Process Wiem
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Decoder Tutorial Demo Example

sel0 "yl

sell

sel2
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VHDL Source Code

I decoder.vhd * - ISE Text Editor

File Edit

% =10| x|

| BE oo % %%

W~ @t koW =

library IEEE:

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL:
use IEEE.S3TD_LOGIC UNSIGNED.ALL:

-— Uncomment the following lines to use the declarations that are
-- prowided for instantiating ¥ilinx primitiwe components.
--library UNISIM:

-—13e UNISIM. VCompohents.all:

entity decoder is
Port { sel : in std logic_wector(Z2 dowmto 0);
¥ i oout std_logic_wector (7 dowmto 0)):
end decoder:;

architecture Behawioral of decoder is
begin

v <= "00000001" when sel = 000" else
TO00000010™ when sel = 001" else
TO00000100™ when sel = 010" else
TO00001000™ when sel = "011" else
TO000l0000™ when sel = 1007 else
TO00l00000™ when sel = 101" else
T01l000000™ when sel = 1107 else
TioooooooT;

end Behawioral:

For Help, prezs F1

I
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Synthesizing the Design

Elxiting - Project Navigatar - C-\eeS74\iecodendecnoden np - [decodes vhd ] =lal x|
|4 Eie Edt Wew Froect Sowce Process Windw Helo 2] 18| x|
[D@ @ @ |y = | @ (B2 EELERL AR |9
i ]2 -
3 per-s— ] I?[ T instantisting Kilink PEINITIvE Components. =l
[ 8 L ¥Coaponents, all:
B O #0048 1o
() | decodar-bahavionl [decodsr vhd) 11 ennicy decoder i3
12 Fort [ sel : in std_lo £(2 dowato U);
ha v i out sud_logi [T duwmto 0)):
19 ard decodne;
15
18 archivecture Dehavioral of decoder is
17
- 1% begin
2 Mosie View | (8 St View | 1) Ly Yiew | e
ko ¥ €= "OONOGOGL" when arl = “O00" rlae
-3 “QUOGDDLD" when sel = "0OL” elss
e T oy = | B2 “OUOBILON" when 3el = "OL0” else
B iy e o R
0 'l-;"#'é“bw"‘;'_" s “O0100000" when ael = T101% elae
& g U“’T‘h":'r’ " ey aa “DLODODUD" when s&l = "LLDT else
[ et Consliants a7 “ 1000000 :
e Suhesize ST o
[P @ Wi Syrilbomins Hispnl 2% end Behavioeal ;
E View RITL Schesatic — Ll —
g Check Sy =
@ K3 gl Detign =ff | el T
gL T decodiesvhd°[

Cospleced peoceas “Syncheaize”.

Launching Application for process “View RTL Scheaatic™.

|| TA[ATETHT, Conzole 4 Tnan rees J\ Wamngs J G J
Far Help, peess F1 (TF- = [ ] .- [P

HDL Synthesis
*

Synthesizing Unit <decoder>.

Related source file is c:/ee574/decoder/decoder.vhd.
Found 1-of-8 decoder for signal <y>.

Summary: inferred 1 Decoder(s).

Unit <decoder> synthesized.
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View the Schematic Representation

ks Xiling EC5 - [decoder.ngr] Jﬂﬂ
O Fie Edt Yiew Window Help =18]x]
jpeegs| |seroc|m| |aaxEar| |sssf8m| [£%]
IREEEEEEEE
x|
it lSymhuIs Dezign I
| RTL Design Hierarchy
"""" decoder
sel<2:0> y<7:0> — | 1ol
=181l
Instance Contents
..... e @, il |2g=raem| |4
""" Mets
""" Instances
Top Level Symbal
| decoder.ngr |
Read Mo [
P | 4 Decoder
1
Instance Contents EED). fezte 01D 700>
""" Pins
""" Mets
- |nstarices
e b decod_yl
| decoder. nar I
Fready 7674761 |~
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Decoder Implemented on FPGA

21 Kilinx FPGA Editor - decoder.ncd i ] 4|
File Edit “iew Toolz Window Help

Di=@=| | @B 5[+ EEm=E| =S =2 - |—IH-+fzE < o= mlal [T
= =101 < | &5 — (o] x| e;z
L=
|.-’-'«II Components ﬂ attrib
Marme Filker " autoroute |
] j clear
delay
Mame| Site | Type| #Pins Hili ~ | delete
1 selk0x|PS  [IOB |1 e dic
2 selk1x|M7  |IoB |1 X editblock
3 =elz:|R7  |I0B |1 [ editmads
4 peO> M7 [10B |1 o find
5 pel> |ME  [10B |1 X vellow = | hilite]
g p<2> (RS [IDB |1 no ila
7 w3 |[RE  [I0B |1 = info
g wed: [NE [IDB 1 [ probes
9 yeBx  |MB IoE |1 o autoprabe
10 p<B> |PE o |1 X route
11 7> |PT I0E |1 no route -fanout
12 w_4_0O|SLICE |SLICE |8 X _ swap |
1 u R NISLIrFEISLIrE T lf'ﬂ unroute
b 3 _—
=T
Building chip graphics. .. d
=l
I
For Help. press F1 #c3z200-4ft256 |Mo Logic Changes
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Zooming In on Logic Slice

21 Xilinkx FPGA Editor - decoder.ncd _lol x|
File Edit “iew Toolz Window Help
D=8 & Bl5|+ o8B Za|e|e@ B Lpe]| - [—H+fEE s EE (A [
o] x| JRT=T] | I
] 0 | | p— add
21 Block1 - View Comp ¥ 5_OBUF at Site — O] x| [reonents =l attribs
E = = e Filter autoroute
Eel2] Lla] £F A e @]E] - = foro:
- delay
Hame] Site | Type| #Pins Hili | delete
zel<l=|P5 0B |1 o drc
selclx |NT ae |1 o editblock
zelc2x|RT 1ae |1 no editmods
yels |M7 1ae |1 o firnd
w<l= |ME 0B 1 i 1 |_I,Je||0w vi hilite
y<2» |RS ae |1 [ro . ila
v<3> |RE 1ae |1 (o infar
peds  |M5 Iae |1 no probes
weB: |ME |IOB |1 o autoprobe
w<B> |PB OB 1 no e rovte
warfs> |PY 0B 1 no route -fanout
v_4_0O|5LICE |SLICE |8 [roo swap
- Lnroute
A
|v_5_COEUF
|3 (az=~a))
Jiaz a1 =~Az)
[«
<F>; D=(AZ=(a2*~A1)). =]
=l
For Help, press F1 |%c3s200-4t256 Mo Logic Changes 2
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Assigning Package Pins

#E Xilink PACE - c:\ee574\decoder‘decoder uck - Ol =]
Eil=  Edit “iew |0Bs Areas Tools Window Help
IlDed|/E o |n L& 2b4loBamE ] [ XaQadaR|||[OCNDC NN NN
Design Browser - |I:I|5| =10l =]
) Globel Logic age P =
E Logic Symbol I Fin Type I Top View
Heer D E 7 8 9 10 11 12 13 14 15 16
L] Uszer Prohibit
_| GMD
= ToOHT _lee = L1 -
VECAUN CI I [ | B
.| WCCO
CONFIG (] L1 ©
3 JTAG ] B D
. = = = " T=T (] GCLE / GCE.
In Dhl t = ID bl o T I!I]-Sl:ld I Power Management I - - - E
ame rection oc anl td. - | Mot C d
WL Cutput pli BAMNK A B:;kuonnecte - - - - - - . I:l :
¥<B> Dutput P12 BAMKA Bk  H H H H Y K €
Wb Cutput nlz BAMNE A
weds Dutput p13 BANES ga”::g I EEEEEREEDN & H
y<3r Output nl4 BaMK3 an
weds Output n2 EAMEZ Bank4 - - - - - - - - J
wilx Output pld BAMNK S Banks
wel Output k12 BAMNE3 Banks - - - - - - . K
sekZ>  [Input R4 BANKZ - Bank? EEEEEREEe |
zelcls Input gl BaME2
cale T T it M7 ] _lLI I - . - It
4 >
#| Group| 1/0 Direction Loc 170 Std. Vref I::l . - . M
gyl lDutput = | | Q ..‘. F
= npuk
R u e B R
T (HE = e | . T
1 2 3 4 &5 B 7 8 9 10 11 12 13 14 15 1B
| | * || | Pachage View £ architecture view f 4| |LD!
Pin Mame: "F1E8" Pin Type: ""CCAL" s
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New Implementation to Match Target

21 Kilinx FPGA Editor - decoder.ncd i ] 4|
File Edit “iew Toolz Window Help

Di=@=| | @B 5[+ EEm=E| =S =2 - |—IH-+fzE < o= mlal [T
= =101 < | &5 — (o] x| e;z
L=
|.-’-'«II Components ﬂ attrib
Marme Filker " autoroute |
] j clear
delay
Mame| Site | Type| #Pins Hili ~ | delete
1 selk0x(F12  [IOB |1 e dic
2 selk1x|G12 |IoB |1 X editblock
3 selczx|H14 [I0B |1 [ editmads
4 pel> [K12 [10B |1 o find
5 pel> P14 [10B |1 X vellow = | hilite]
g p<2x |L12 [IDB |1 no ila
7 y<3>x [N14 I0B |1 X infa
g wed: P13 |IoB |1 [ probes
9 w<Bx |M12 |IDBE |1 o autoprabe
10 p<B> P12 [10B |1 X route
11 7> P11 [IDB |1 no route -fanout
12 w_4_0O|SLICE |SLICE |8 X _ swap |
1 u R NISLIrFEISLIrE T lf'ﬂ unroute
b 3 _—
=T
Building chip graphics. .. d
=l
I
For Help. press F1 #c3z200-4ft256 |Mo Logic Changes
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Verilog Background

1983: Gateway Design Automation released Verilog HDL
“Verilog” and simulator

1985: Verilog enhanced version — “Verilog-XL”

1987: Verilog-XL becoming more popular (same year
VHDL released as IEEE standard)

1989: Cadence bought Gateway

1995: Verilog adopted by IEEE as standard 1364
— Verilog HDL, Verilog 1995

2001: First major revision (cleanup and enhancements)
— Standard 1364-2001 (or Verilog 2001)

System Verilog under development
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Create Verilog Module

Newsource |

@ Schematic

@ State Diagram

Test Bench Waveform
@ |lzer Dacument
Verlog Module

Werlog Test Fisture
£ yHOL Library

[¥] YHDL Module

[Pl WHOL Package

4] YHDL Test Bench

File Marme:

Imurl

Location:

Define ¥erilog Source

Module Mame ImUH

Ic::\verilugwerilug_ewamples J

Port Hame

Direction

M5H

LSB

Ll

inpLt

input

zel

input

autput

input

W idd to project

input

ik

¢ Back

inpLt

input

I MHest | Cancel Help

input

ik

input

input

< Back Mewt =

Cancel

Help
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Module Created

* No separate entity and arch —
just module < =10/ x]

File Edi

e Ports can be input, output, or LB R[o |t %% %

InOUt 1 wodule muxia,b,sel,v): ﬂ
. 2 input a;
« Note: Verilog 2001 has o e
alternative port style: |
— (input a, b, sel, output y); _‘?
2
9 endmodule
10

ay o

Faor Help, press Fi |_ |E v
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Add Assign Statement

« Similar to VHDL conditional signal assignment — continuous assignment
* Exactly same hardware produced

mux.v - ISE Text Editor |Z||E|fz|

=]
Fils Edit _18]x|
= B4 % % |eax=xam| |2g=2am| [£w
1E:>!.“ﬂDdulE wux (a,b,3el,v);
2z input a;
3 inpur by
4 input sel:
5 output ¥w;
(=}
7 i ¥ <= @ when zel = '0' elzae
2 A b:
a
10 i 1if 2el = 1 (true) then v = b, slae a
11 assign v = sel ? b : a: sel DO
= 1My
I
13 endmodule Dy
14 -—/
] >
Far Help, press F1
..... nat
| mux_vhdl.ngr I
Ready [851,433] | 4
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Verilog - General Comments

VHDL is like ADA and Pascal in style
 Strongly typed — more robust

Verilog is more like the ‘C’ language
Verilog Is case sensitive

White space Is OK (tabs, new lines, etc)
Statements terminated with semicolon (;)

Verilog statements between
e module and endmodule

Comments // single line and /* and */
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Verilog Logic

Four-value logic system

0 — logic zero, or false condition

1 —logic 1, or true condition

X, X —unknown logic value

z, Z - high-impedance state
Number formats

b, B binary

d, D decimal (default)

h, H hexadecimal

0, O octal

16"H789A — 16-bit number in hex format
1’b0 - 1-bit
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Verilog and VHDL — Reminder

VHDL - like Pascal and Ada programming languages
Verilog - more like ‘C’ programming language
But remember they are Hardware Description Languages -

They are NOT programming languages

— FPGAs do NOT contain an hidden microprocessor or interpreter or
memory that executes the VHDL or Verilog code

— Synthesis tools prepare a hardware design that is inferred from the
behavior described by the HDL

— A bit stream is transferred to the programmable device to configure
the device

— No shortcuts! Need to understand combinational/sequential logic
Uses subset of language for synthesis
Check - could you design circuit from description?
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