SISTEMI EMBEDDED

Building a Nios || Computer
from scratch

Federico Baronti Last version: 20180326

1



Introduction

* Problem:

— Build a (NIOS Il) Computer tailored to application
needs

e Solutions:

— Use library cores and custom HDL code

— Use specific design tools (Qsys) to help assemble the
system

* Components (CPUs, memory (controllers), peripherals,...)
selected from Altera, other vendors or custom libraries

e Connections (Avalon System Interconnect Fabric) are
generated automatically by the tool

— Need for standard interfaces




Avalon System Interconect Fabric

e QOverview of Avalon standard interfaces:
— Clock
— Reset

— Interrupt
— Memory-Mapped (master and slave)
— Streaming (source and sink)



Example: First Nios System

* Handles slider switches and LEDs through PIO

peripherals
o
| |

reset_n clk Nios Il
Clock C;fr)es/e JTAG Debug T U
source Module
Avalon System Fabric
On-chip System PIO(10- PIO (10-
mem ID bit in) bit out)

Max 10: 10M50DAF484C7G




First Nios Computer components

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

On-chip memory for program and data (64 KB)

2 PIOs

— Input for reading slider switches (10 bit)
— Output for driving red LEDs (10 bit)

System ID Peripheral for computer
identification



Nios Il Hardware Flow
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<nios_system>.qsys <nios_system>.sopcinfo

<nios_system>.v
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<proc_design_unit>.v
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<custom_design_unit>.v <project_name>.sof




Qsys Flow
<nios_system>.qsys

- Create/Open
> .
Nios Il system

Configure component

Insert component || Library

from library

Component Library

HW parameters

H-F-E-E-E-E-E-E

Configure Base
addresses and IRQ

Configure
Connections

[ -

=

No
<nios_system>.qsys

Project

[ New component...

Library

2 RGBtogreyscaleconvertor

|--Bridges
]--Configuration & Programming

DSP

Interface Protocols
Legacy Components
Memeries and Memory Controllers
Microcontroller Peripherals
Peripherals

PLL

Processors

Qsys Interconnect

SLS

University Program
Verification

-< Generate Nios system D <nios_system>.sopcinfo

<nios_system>.v

<proc_design_unit>.v

]




Guided example (1)

 Open the template Quartus project: DE10_Lite First Computer
e Launch Qsys tool

e Define the Nios_system components
— Clock source: clk (it is added automatically)

— Nios Il Proc.: nios2_proc

* Choose the economy version of the Niosll proc. (Niosll/e) and the Level 1 for
the JTAG Debug Module

— On-chip Memory: onchip_memory (dual-port configuration, single
clock)

— PIO: leds
e Qutput for driving LEDS

— PIO: sliders
* Input for reading slider switches status

— System ID Peripheral: sysid (ID = 1!)



A Qsys
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Choose the most suited

Processor core

3 variants:

— Economy
— Standard
— Fast

Different features

— Trade-off

performance-cost

CPU choice

Megetorn

Cora Nigs |l

Fost TLB Misz

Select a Hios Il core:

|©Nlos e ONios li/s ONios lIf
. RISC RSC RISC
Nios Il 32-bit 32kt 320t
Selector Guide Ingtruction Cache Fetruction C
Family Cyckeell Branch Prediction Eranch Fredictic
R Hardware Multiply Hearcherzrs Mukicl
:::::: S0.0MHT Hardware Divide Hatcheests Livios
Barrel Shifter
opuitt 0 Data Cache
Dynamic Branch Prediction
Pertormarce at 50 0 MHz Up 1o 5 DMIPS Lp to 25 DMIPS Lo to 51 0MPS
Logic Usayz B00-700 LE= 12001400 Les 1400-1800 LEs
Memory Uszge Twvo M (or cgquv ) Two MéKz + cache Three M4Ks + cache

Only include the MM wian

Excegtizn Vector: Memaory:

Offzet

Waming Res

‘ector and Excestion vecior cannol be set urti memory devices arn

e connecied {o the Mos || proc=ssor

At least one memory must be present in the Qsys system
in order to configure the Reset and Exception addresslcgs



Additional peripherals

™ PIO (Parallel I20) - pio_0

‘{; PIO (Parallel 1/0)

Megutarss ST _wrdOn_po

|~ Block Diagram ]

plo 0 ' - -
clock®clk | .l SystemID Peripheral -sysid
rasel ®=ressd
valonwest “ System ID Peripheral

condut®=asiemal_connaction i
MegaCore’ altera_avalon_sysid
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4
[~ Block Diagram I E
[] show signals SystemD: 4
Time stamp: | 1365584360

@ i —
(@]l
C Outpet &Ik—clock
Outpd Port Reat YRIUEC o000 000000000000 eset "
ontrol_slave 5

A unique ID is assigned every time the system is generated.
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On-chip memory

*= On-Chip Memory (RAM or ROM) - onchip_memory2 0

‘& On-Chip Memory (RAM or ROM)
skera_svaon_onchip_merory2

* Define the organization w -
of the on chip-memory e
— Type = RAM -
— Dual-port access T

Read Durng WNrie Mode
Bock type ~Nito v

— Single clock operation =
— Size = 65536 bytes -
— Word length =32 'Z:I:Z;t::ii 1

. ° . . . o Crlen
° | N |t| aliz at lon Tile: D] Enebko non-dofoudliniskzstion fle
[ ] .
Llsesr cres icn e
[ Enskie n-Syctam Memary Content Edtor reatus

<nios_system>_onchip_
memory.hex ]




Guided example (2)

* Configure internal connections

— Route clk from Clock Source component to the other
components

— Create reset network

* “Route” reset signals from Clock Source and JTAG Debug Module (within
the Nios Il proc.) components to the other components

* Can be done automatically using Create Global Reset Network command
(System menu)

— Link the Avalon Memory-Mapped Interfaces:

* data_master (Nios Il proc.), jtag debug module (Nios Il proc.), s1
(onchip_memory), s1 (P1O: sliders, leds), control_slave (sysid)

 instruction_master (Nios Il proc.), jtag _debug module (Nios Il proc.), s2
(onchip_memory)



Guided example (3)

* Export external connections

— Sliders and leds P1Os have conduit interfaces, the related
signals (external_connection) must be routed to the Qsys
system boundary

* Assign base addresses

— Manually to each component with slave Memory-
Mapped Interfaces (pay attention to avoid
overlaps!)

— Assign Base Addresses (from the System menu)



Guided example (4)

We are now ready to generate the Qsys system
and go back to Quartus Il

Use Connections Name Description Export Clock Base End
Clock Source
clk_in Clock Input clk
clk_in_reset Reset Input reset
— X clk Clock Output clk
—X clk_reset Reset Output
E nios2_proc Nios Il Processor
clk Clock Input clk
reset_n Reset Input [clk]
— T data_master Avalon Memory Mapped Master [clk] IRQ O IRQ 31
S EE— instruction_master Avalon Memory Mapped Master [clk]
— jtag_debug_module_reset Reset Output [clk]
jtag_debug_module Avalon Memory Mapped Slave [clk] 0x4800 Ox4££E
H— custom_instruction_master Custom Instruction Master
El green_leds PIO (Parallel VO)
clk Clock Input clk
reset Reset Input [clk]
31 Avalon Memory Mapped Slave [clk] 0x5000 0x500£
external_connection Conduit green_leds_external_connection
B sliders PIO (Parallel VO)
clk Clock Input clk
reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x5010 0x501£
external_connectiocn Conduit sliders_external_connection
B sysid System ID Peripheral
clk Clock Input clk
reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk] 0x5020 0x5027
E onchip_memory On-Chip Memory (RAM or ROM)
clk1 Cleck Input clk
s1 Avalon Memory Mapped Slave [clk1] 0x2000 Ox3££E
reset1 Reset Input [clk1]
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Guided example (6)

e Back to Quartus Il

— Import Qsys system into Quartus project. Do one
of the followings:

 Method I: Add the .qip file stored in
nios_system>/synthesis
to the project

 Method II: Add the .gsys file to the project
— Create/Edit the root module of the project

— Include the Nios_system module as hierarchical
block (Verilog)

— Compile the project to make the hardware ready




Guided example (7)

— Method I: Add the (Quartus Il file) .qgip file stored
in <nios_system>/synthesis to the project

* .qip file is created when generating the Qsys system
together with the .sopcinfo and the HDL files

* |t lists all the files necessary for compilation in Quartus

I, including the references to the HDL files generated
by Qsys



Guided example (8)

— Method II: Add the .gsys file to project

* The Qsys system is now (re)generated by Quartus Il at
each compilation

* The generated HDL files are stored at a different path
than those generated directly by Qsys
— db/ip/<nios_system>
* Note that the sysid timestamp changes at each
compilation in Quartus Il

* The BSP must be regenerated using the new sopcinfo file
after each compilation, even if we have not made any
change to the Qsys system!
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Guided example (7a)

* Project root module

Max 10: 10M50DAF484C7G

LEDR[O]

B11 [ LEDR[9]

ﬂ)E10_Lite_First_Computer.v
(top module)

(nios_system.v \

leds clk

LEDR 78L

L

sliders reset_n

MAX10_
CLOCK1_50

KEY[O]

MAX10_
CLOCK1 50

KEY[O]

P11

Vcc

B3
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Guided example (7b)

* Project root module

// DE10_Lite_First_Computer.v

module DE10_Lite_first_computer(
//input
MAX10 CLOCK1 50,
KEY,
SW,
//output
LEDR

input MAX10_CLOCK1_50;
input [1:0] KEY;

input [9:0] SW;

output [9:0] LEDR,;

// Add the nios_system instance

// The instance template can be copied from Qsys HDL example tab

endmodule
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Guided example (7c)

* Project root module
(using Verilog-2001 C-style port declaration)

// DE10_Lite_First_Computer.v
module DE10_Lite_first_computer(
input MAX10_CLOCK1 50,
input [1:0] KEY,
input [9:0] SW,

output [9:0] LEDR

// Add the nios_system instance

// The instance template can be copied from Qsys HDL example tab

endmodule
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Testing First Nios System (1)

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

, generate the hex file to initialize the on-chip
memory. Recompile the Quartus project and reprogram
the FPGA. Your program should run automatically!

* To generate the hex file from elf. Open the Nios 2
Command Shell and navigate to the Eclipse project folder.
Customize the following command:

elf2hex --record=4 --width=32 --base=<onchip _memory base address>
--end=<onchip_memory end address> --input=<eclipse_project _name.elf>
--output=../../Hardware/onchip_mem.hex



Testing First Nios System (1a)

* Enrich the First Nios System w/ 2 additional
PIOs properly configured to control the push
buttons (w/ edge capture capability) and the
HEX3-HEXO 7-seg displays available on the
DE10-Lite board.

— Make the ID of this new computer equal to 2

— Test the computer running the LED rotation, the
Fast Click and the Week day programs

— Recall that the push button signal is low when the
switch is pressed and that a led of the 7-seg
display is ON when driven low



Testing First Nios System (2)

* Go back to Qsys, add the JTAG-UART
peripheral (Library/Interface Protocols/Serial),
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
together w/ the system ID and timestamp



