
Copyright © 2005 Altera Corporation

Section 2

Hardware Design with SOPC Builder  

Section 2

Hardware Design with SOPC Builder  



2 Copyright © 2005 Altera Corporation

Section 2 - TopicsSection 2 - Topics

Create a Quartus Project
Create a NiosII system in SOPC Builder
Create a NiosII software project 
Run as Instruction Set Simulator (ISS)
RTL Simulation
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Reference Designs For Dev KitsReference Designs For Dev Kits

Several reference designs are available
See altera\kits\nios2\examples\verilog
or  altera\kits\nios2\examples\vhdl

Can be used as-is in final hardware platform
Otherwise, customize system to specific needs
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Standard and Custom PeripheralsStandard and Custom Peripherals
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SOPC Builder Development ToolSOPC Builder Development Tool
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Avalon Master-Slave ConnectionsAvalon Master-Slave Connections

View => Show Master Connections
Observe and configure Avalon connections
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Hardware designer selects Nios II version
− economy, standard, or fast 

Configure the Nios II CPU Configure the Nios II CPU 
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Choose JTAG Debug CoreChoose JTAG Debug Core
Select appropriate JTAG Debug level when configuring 
Nios II processor core
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Select Cache and TCM SettingsSelect Cache and TCM Settings
Adjust Size of Instruction and Data Cache Memory
− Can now completely disable data cache on fast core
− And also disable instruction cache as long as TCM used

Enable Instruction / Data Tightly Coupled Memory masters
Control Data Cache Width
− Up to 32 byte cache line width now possible for better burst support
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SOPC BuilderSOPC Builder – Board Settings

Allows you to connect SOPC Builder components directly 
to board components using Pin Mapper utility
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Pin Editor contains three columns
− SOPC Name, PCB Component, Component Pin 

Using Pin MapperUsing Pin Mapper

SOPC Builder 
component name 
and port names

PCB Component 
Name and Ref-Des

PCB pin names
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During generation, all corresponding Quartus II 
pin assignments get made in the .QSF file.

Assignments get made in QSFAssignments get made in QSF
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SOPC BuilderSOPC Builder – More “cpu” Settings

Set Reset, Exception, and Break Location addresses
− Note:  Reset must be in non-volatile memory
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Nios II Exception AddressNios II Exception Address

All exceptions processed by code at 
“exception location”
− Provided by HAL system library

Supported Exception Types
Software Exceptions
− Software Traps (currently, not implemented)
− Unimplemented instructions

− Maintains compatibility between Nios II cores
Hardware Interrupts
− 32 Level-sensitive interrupts are supported.

More exceptions will be supported as features are 
added
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SOPC Builder – System GenerationSOPC Builder – System Generation

Generate HDL Code/block symbol file and/or ModelSim
Simulation Project
− Note:  Can also launch Nios II IDE from here
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Peripherals for Nios IIPeripherals for Nios II
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Memory Interfaces
− EPCS Serial Flash 

Controller
− On-Chip

RAM, ROM
− Off-Chip

SRAM
CFI Flash

LCD Display

Some Important Peripherals for Nios IISome Important Peripherals for Nios II

System ID Peripheral
− Used to Ensure Hardware/ 

Software Version Synchronization
− Simple 2 read-only register 

peripheral containing hardware ID 
tags.

Register 1 contains random 
number
Register 2 contains time and date 
when system was generated in 
SOPC Builder

− Can be checked at runtime to 
ensure that the software to be 
downloaded matches the 
hardware image
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JTAG UART
− Single JTAG 

Connection For:
Device Configuration
Flash Programming
Code Download 
Debug
Target STDIO (printing)

Other Important Peripherals for Nios IIOther Important Peripherals for Nios II

Compact Flash Interface
− Mass Storage Support

True IDE Mode
Compact Flash Mode

− Software Supports
Low-Level API
MicroC/OS-II File System 
Support
µCLinux File System 
Support

Peripheral Now Provided 
with the Nios II IDE and 
Supported through the 

Nios Forum
www.niosforum.com
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New Peripherals for Nios II 5.0New Peripherals for Nios II 5.0
SSRAM Controller
− Cypress CY7C1380C Sync SRAM controller

Provided to support SSRAM component on Cyclone II dev kit board
Not a fully configurable general purpose controller

Support for DDR/DDR2 in SOPC Builder GUI
− With burst adapter

Sequential master to interleaved slave enhancement
− Separate READ/Write duplex slaves

Automatically matches address of read/write slaves
Arbitration logic connects read/write masters to both slaves

Support for PCI and Bursting DMA in SOPC Builder GUI
− Higher bandwidth transfers through PCI
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Sharing Data & PeripheralsSharing Data & Peripherals

Mailboxes For Inter-Processor (and Multi-
Threaded) Message Passing

Hardware Mutex For Safe Resource Sharing

Shared Memory

Mailboxes (New in 5.0)
Mutex (New in 1.1)
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Custom PeripheralsCustom Peripherals
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New Component EditorNew Component Editor
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Create External Component InterfaceCreate External Component Interface

To communicate with 
off-chip peripherals
Base interface type 
on data sheet

AMD29LV065AD  CFI Flash Chip
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Or Add HDL FilesOr Add HDL Files
For peripheral that has been encoded for FPGA
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Define Component SignalsDefine Component Signals

Automatically populates port 
table from design files

Enter port type here

Can also define ports manually
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Define Interface for Each Signal TypeDefine Interface for Each Signal Type

Choose interface type       
Register Slave uses native 
alignment, Memory Slave uses 
dynamic alignment

Control Read and Write Timing 
Add wait and hold states View 
waveforms
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Add Software FilesAdd Software Files

ie.  Header files and drivers
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Add Software FilesAdd Software Files
Header file and drivers can also be added directly to 
Application Project
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Fill in fields 
Add component to 
SOPC Builder portfolio
Can add parameterizing
capability to component

Create Component WizardCreate Component Wizard
Publish and create a wizard for your component
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Add Component to SOPC SystemAdd Component to SOPC System

Default location is the User Logic folder
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Custom InstructionsCustom Instructions
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Custom Instructions TabCustom Instructions Tab
Enabled from the Custom Instructions tab in the 
Nios II CPU settings in SOPC Builder
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Custom Instructions TabCustom Instructions Tab
Import logic for the custom instruction
Custom Instruction module can be of following 
formats:
− VHDL
− Verilog HDL
− EDIF
− Quartus Block Diagram (.bdf)
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Software Interface - CSoftware Interface - C
NIOS II IDE generates macros automatically during build process

Macros defined in system.h file
#define ALT_CI_<your instruction_name>(instruction arguments)

Example of user C-code that references Bitswap custom instruction:
#include "system.h"
int main (void)
{

int a = 0x12345678;
int a_swap = 0;

a_swap = ALT_CI_BSWAP(a);
return 0;

}
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Software Project in 
NiosII IDE
Software Project in 
NiosII IDE
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Opening the Nios II IDEOpening the Nios II IDE
Launch the Nios II IDE from Launch the Nios II IDE from 
the SOPC Builder or from the SOPC Builder or from 
the Windows Start menuthe Windows Start menu
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Workspace Dialog BoxWorkspace Dialog Box

Appears when you first open Nios II IDE
− Before main tool opens

Can now open Multiple Nios II IDE sessions
− Pick workspace each time Nios II IDE opened

Default C:\altera\kits\nios2\bin\eclipse\workspace

Each “workspace” has its own settings

New
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Nios II IDE WorkbenchNios II IDE Workbench

List of 
Open 
Projects

Terminal 
window

File Viewer 
Window

(for C code,  
C++, and 
assembly*)

•Note:   C++ files must have extension .cpp
In-line assembly code offset by asm();

Outline View
(view and/or 
open funcs,        
enums, classes, 
unions, structs, 
typedefs, etc.)
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This Creates Two Software Projects
- Application and System Library Project
This Creates Two Software Projects
- Application and System Library Project

System Library Project
- contains system 

header file, etc.

Application Project
- contains application 
source code

Drivers Directory
- contains all device drivers 
– DO NOT DELETE !
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System Library Project PropertiesSystem Library Project Properties

Specify stdio devices

Partition the memory map
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Nios II Instruction Set SimulatorNios II Instruction Set Simulator

Instruction Set Simulators are software 
models of an Instruction Set Architecture
− Generally used to debug code if a target board 

is unavailable
− Provides limited models of a few hardware 

peripherals
Timer
UART
Memory (flash, SDRAM, on-chip, etc…)
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Nios II Instruction Set SimulatorNios II Instruction Set Simulator
Launch an ISS Debug 
session from the Run 
Menu
Targets .elf file to ISS 
and opens debugger
− Application can then be 

debugged as normal
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RTL SimulationRTL Simulation
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RTL SimulationRTL Simulation

Nios II SOPC Builder Automatically Creates 
Simulation Models Plus:
− ModelSim Project
− Testbench
− Simulation Scripts

Be Sure to Set 
Simulation Option
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SDRAMDev board
SRAM

Dev board 
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User Additions to Nios II TestBenchUser Additions to Nios II TestBench

SOPC Builder creates 
testbench embedded in 
top level file (eg. niosII.v)

Sections within this file 
are reserved to add user 
files and code

These sections are 
preserved  if the SOPC 
builder is used to re-
generate the Nios II 
system
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Running an RTL SimulationRunning an RTL Simulation
Modify Nios II IDE System Library 
For Simulation:
− Specify Program Memory
− Set Up As Simulation Only
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Running an RTL SimulationRunning an RTL Simulation

Checking the “ModelSim only, no hardware 
support” button:
− Leaves caches uninitialized
− Does not initialize the .bss section

As a result simulation speeds are increased
You can still simulate with this button 
unchecked but simulation time will be much 
longer
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Running an RTL SimulationRunning an RTL Simulation
Launch ModelSim from Nios II IDE:
− Highlight Software Project In C/C++ Projects panel
− Right click
− Run As Nios II ModelSim
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Running an RTL SimulationRunning an RTL Simulation
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Simulation ScriptsSimulation Scripts
When ModelSim is started from the Nios II IDE a set-up 
script is run automatically which creates aliases for 
simulation scripts
The set up script can also be run independently as follows:
− do setup_sim.do

Simulation Scripts
− s↵ Compiles HDL source code and loads design
− c↵ Rebuilds memory contents based on software code

Includes changes since Nios II generation

− w↵ Opens Wave window with “useful” signals
− l↵ Opens List window with “useful” signals
− h↵ Displays help message describing scripts
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Memory Device Simulation ModelsMemory Device Simulation Models

Applies To The Following Nios II Memories
− On Chip Memory (ROM or RAM)
− SRAM
− Flash Memory and now SDRAM

Include SDRAM Model 
for Simulation
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Memory Device Simulation ModelsMemory Device Simulation Models

You can no longer initialize memories in the 
SOPC Builder
− Memory init file are created by the Nios II IDE

− ext_ram will be initialized for simulation 
with the ext_ram.dat file

− You must compile your software in the 
Nios II IDE to generate this file

− Onchip memories are initialized with 
<component_name>.hex

− Onchip memory init files can be created 
by an editor or by the Nios II IDE
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UART SimulationUART Simulation
Text is transmitted to 
UART during simulation
Creates and saves txt file 
containing UART tx
stream
Creates window to input 
text at simulation run time

Note:  ModelSim Options are mutually exclusive
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UART SimulationUART Simulation
Input is interactive or predefined
Output is shown and saved independently for multiple 
UARTs
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JTAG_UART Simulation JTAG_UART Simulation 
Text is transmitted to the 
new JTAG_UART 
peripheral during 
simulation
Creates and saves txt file 
containing UART tx
stream
Creates window to input 
text at simulation run time

Note:  ModelSim Options are mutually exclusive
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Wave WindowWave Window
Adds UART and CPU signals by default
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Capture the state of internal nodes
In-system, at full system speeds

SignalTap™ II Logic AnalyzerSignalTap™ II Logic Analyzer
Up to 200 MHz
Multi-Analyzer Support
1,024 Channels
128K Samples
10 Trigger Levels
No Probes!
Can be used 
simultaneously with the 
Nios II IDE debugger and 
the FS2 console!
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SignalTap™ II Logic AnalyzerSignalTap™ II Logic Analyzer


