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Refs:

Cyclone II device Handbook, Altera corp.

Quartus II Handbook , Altera corp.

DE2 documentation

Verilog HDL, S. Palnitkar, Prentice Hall

•Microprocessors

•I/O

•The FPGA

Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you)

www.lip.pt/~pedjor/PCLD
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Notes on our VGA

Colors module

module Colors(input hcount, vcount

output [9:0]R, [9:0] G, [9:0] B);

Always @ (*)

if (hcount < 20)

R=

G=

B=

.....

Imagine we have infinite RAM...

module Colors(input hcount, vcount

output [9:0]R, [9:0] G, [9:0] B);

Reg [9:0] Rmem [“2^20-1:0”]= {0,0,0,0,1,1,1,,.........}

assign R=Rmem[ {vcount , hcount} ];

Or, in our application...

Reg [7:0] pos [7:0];   //this can be implemented as RAM

Pos={0,0,1,2,3,4,5,4,3,2,1,2,3,4,5,6,7,6,5,4,3,2,1,2,3,4,5,6.....}

If (hcount < 256 && vcount <256)  //define a square to draw data

if ( vcount == pos [ hcount ]

RGB = “white”

else “put black”
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The FIFO vs Ring memory



µP
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Our ALU ... Or ... A simple CPU
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Modules
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Top-Level: connect the modules
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The Processor in a computer
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Inside the processor
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Instructions and Data
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... all packed in a DIP
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How to give instructions?
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The Instruction set
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The definition of Instructions... Two examples
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Programming a microprocessor
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Programming a microprocessor

Hardware

• CPU 

• Devices

Operating 
System

• Drivers

• API

• Programing language 

Program

• User Application
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Available cores

http://www.altera.com/devices/processor/additional/ipm-index.jsp
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The ALTERA “standard”

http://www.altera.com/education/demonstrations/sopc-builder/sopc-builder-demo.html

The SOPC Builder is a tool used in conjuction with the Quartus II CAD software. It 
allows the user to easily create a system based on the Nios II processor, by simply 
selecting the desired functional units and specifying their parameters.

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_verilog.pdf

Tools – SOPC builder

Lots of tools and tutorials…
e.g. NIOS IDE (Integrated Development Environment)
DE2 demonstrations

There are other choices of μ-processors to implements. E.g.: mips
Operating systems can be used. E.g. μ-Clinux™
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JTAG Debug Module
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Tools – Mega Wizard

http://www.altera.com/education/demonstrations/sopc-builder/sopc-builder-demo.html

The SOPC Builder is a tool used in conjuction with the Quartus II CAD software. It 
allows the user to easily
create a system based on the Nios II processor, by simply selecting the desired 
functional units and specifying
their parameters.

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_ve
rilog.pdf

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf

Tools – SOPC builder

QSys is currently replacing SOPC builder in newer versions of Altera’s software.
Some Quartus versions will ask you to use this new tool!

Tools – QSys



I/O

Interfaces to the outside world

23



24

I/O - parallel

Parallel protocols are tipically easy and fast…

However the resources alocated are big (pins)

Tipycally the protocol language is very easy. 
Time constraints easy to deal with

e.g.: GPIO
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I/O - parallel

Parallel protocols are tipically easy and fast…

However the resources alocated are big (pins)

Tipycally the protocol language is very easy. 
Time constraints easy to deal with

e.g.: The PCI protocol
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I/O - serial

Readily available: 
IrDA, RS232, PS2

You can build some other…
I2C - Inter-Integrated Circuit
Serial Peripheral Interface (SPI)
…

What you kneed to know?
•Pinout
•Clocking requirements
•Protocol (the language)
•The commands of the peripherical you are communicating with
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RS232 – The serial port

Sending: easy – Just compose your signal respecting time constraints
Receiving: Need to oversample and understand where the bits are… 
and check the protocol format: start, stop, parity
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Just two examples in a PC

Sensors like thermometers in the motherboard communicate using I2C

Most PCs have a “hidden I2C Port”
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THE 25¢ I2C ADAPTER
(http://www.paintyourdragon.com/?p=43)
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I/O - Analog
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wire [7:0] H_PWM;
wire [3:0] bright;
assign bright=SW[3:0];
reg [3:0] PWM_count;
always @ (posedge CLOCK_50)

PWM_count<=PWM_count+1;
assign H_PWM=(bright>PWM_count)? 7'hFF : 7'h00;

PWM – Pulse Width Modulation
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I/O – Digital � Analog

FPGAs are digital devices!
They can’t generate or receive analog signals.

You need to use a DAC or ADC to interface analog devices!
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Sound (analog signal)
Means ADC/DAC



Finally...
What is an FPGA
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FPGA
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Field Programmable Gate Array:
Set of Chips in a bread board.
Control:
Chips functions
Connections



Logic elements
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HDL

Hardware

Description

Language
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Programação de 
microprocessadores

(assembly, c++, etc.)

Dar ao “gnomo” uma lista 
(consecutiva) de operações a 

realizar

1 Máquina executa várias tarefas 
consecutivas

Programação de 
Lógica Digital
(FPGAs+HDL)

Dar ao gnomo uma lista de 
“objectos” para construir

Várias Máquinas executam várias 
tarefas em paralelo

Em linguagens de alto nível 
por vezes confundem-se
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HDL

code

Remember:
In FPGAs there isn’t:

Do this, after this, then that..
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