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Building a Nios Il processor
from scratch



Introduction

* Problem:
— Build a (NIOS 1) system tailored to application needs

e Solutions:

— Use library cores and custom Verilog code

— Use specific design tools (SOPC Builder/Qsys) with
library of CPUs and peripherals that can be connected
through the Avalon System Fabric

* DE2 basic and DE2_media are examples
— Pre-built Nios_systems
— Different requirements (basic system, media system)
— Different peripherals




Tutorial: First Nios System

* Handles switches and leds through PIO peripherals
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First Nios System units

 CPU (simplest, i.e., economy variant) with
JTAG Debug Module

e 2 PIOs

— Input for switches (8 bit)
— Output for driving LEDs (8 bit)

* On-chip memory for program and data (8 kB)

e System ID Peripheral for CPU identification
(must be named sysid)
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Guided example (1)

* Create a new project in Quartus Il
* Launch SoPC Builder

* Define the Nios_system components

— CPU

* Choose the simplest (Nios_Il_e with debug)
among the 3 options; keep the Level 1 JTAG Debug Module

— PIO_O
e Output for driving LEDS
— PIO_1
* Input for reading switches status

— System ID Peripheral (ID = 11)
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CPU choice

* Choose the processor [ g
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Additional peripherals
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On-chip memory

+ Define the organization e
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Guided example (2)

* Generate the processor system (core + peripherals)

— The Nios_system is now an usual hardware block to be used in Quartus Il

-
1 Altera SOPC Builder - nios_system.sopc® (EAWork\Teaching\SE\Lab\Home\My_DE2_First_Computer\Verilog\nios_system.sopc)

e
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B cpu_0 Nios Il Processor [clk]
instruction_master Avalon Memory Mapped Master clk_0
data_master Avalon Memory Mapped Master [elk] IRQ 0 IRG 31F—*x
f: ftag_debug_module Avalon Memory Mapped Slave [chk] Ox4200 Oxd££E
E onchip_memory2_0 On-Chip Memory (RAM or ROM) [clk1]
n =51 Avalon Memory Mapped Slave clk_0 02000 0x3ELE
E SLIDER_SWITCHES PIO (Parallel 1O} [chk]
51 Avalon Memory Mapped Slave clk_0 0x5010 0x501E
El GREEN_LEDS PIO (Parallel VD) [clk]
=1 Avalon Memory Mapped Slave clk_0 0x5000 0x500E
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@ Info: onchip_memory2_0: Memory will be initialized from enchip_memory2_0.hex
@ Info: SLIDER_SVWITCHES: PIO inputs are not hardwired in test bench. Undefined values wil be read from PIO inputs during simulation.
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Guided example (3)

e Back to Quartus Il
— Create the root module of the project

— Include the Nios_system module as hierarchical
block (Verilog or schematic)

— Import pin assignment from de2.qsf
— Compile the project to make the hardware ready



Testing First Nios System

* Write a program that makes the GREEN LEDS to
be controlled by the SLIDERS SWITCHES

, 80 back to SoPC Builder, add the
JTAG-UART peripheral, regenerate the Nios
system and compile the design again (top level
entry does not need to be changed)

* Write a program that say Hello to the host telling
him the sistem ID and timestamp

— The file .sopcinfo needs to be updated as the Nios
system has been regenerated!

e That’s all folks!!



