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Overview
MAX® 10 FPGA devices are the first MAX device series that can support Nios® II processor.
MAX 10 FPGA devices contain on-chip flash that is segmented into two types:

« Configuration Flash Memory (CFM)—to store hardware configuration data for MAX 10 FPGA.
o User Flash Memory (UFM)—to store user data or software applications.

You can configure the Nios II processor to boot and execute software from different memory locations,
including the MAX10 FPGA on chip RAM and UFM.

This document gives an overview of the Altera On-chip Flash IP core and describes the various boot or
software execution options available with the Nios II processor and MAX 10 FPGAs.

Abbreviations

Table 1: List of Abbreviations

CFM Configuration Flash Memory
ERAM Embedded Random Access Memory
HEX Hexadecimal File

memcpy Memory copy

OCRAM On-Chip RAM

POF Programmer Object File

QSPI Quad Serial Parallel Interface

RAM Random Access Memory

SBT Software Build Tools

SOF SRAM Object File

() This is an ASCII text file with the extension of .hex which stores the initial memory values for a memory
block.
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SPI Serial Parallel Interface
UART Universal asynchronous receiver/transmitter
UFM User Flash Memory
XIP Execute In Place
Prerequisite

You are required to have the knowledge of instantiating and developing a Nios II processor based system.
Altera recommends you to go through the online tutorials and training materials provided at http://
www.altera.com/education/edu-index.html before using this application note.

Related Information

o Nios IT Gen2 Hardware Development Tutorial.
A step by step procedure to build a Nios IT Gen?2 soft core processor system.
+ Getting Started with the Graphical User Interface.
This document provides the details of Nios II Software Build Tools using graphical user interface.

The MAX 10 FPGA On-chip Flash Overview

The MAX 10 FPGA On-chip Flash consists of two flash regions with the functionality shown in the
following table.

Table 2: On-chip Flash Regions in MAX 10 FPGA Devices

Configuration Flash Memory (sectors CFM0-2) FPGA configuration file storage

User Flash Memory (sectors UFMO-1) Nios II processor application and/or user data

MAX 10 FPGA devices support several different configuration modes and some of these modes allow
CFM1 and CFM2 to be used as an additional UFM region. The following table shows the storage location
of the FPGA configuration images based on the MAX 10 FPGA's internal configuration modes. You can
refer to the MAX 10 FPGA Configuration User Guide for more information on the configuration mode
supported in MAX 10 FPGA.
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The MAX 10 FPGA On-chip Flash Overview 3

Table 3: Storage Location of FPGA Configuration Images with Different Configuration Modes

Internal Configuration Mode CFM2®@ CFM1@ CFMo

Dual images

Compressed Image 2 ‘

Compressed Image 1

Single uncompressed image

UFM®

Uncompressed image

Single uncompressed image with
Memory Initialization

Uncompressed image (with pre-initialized on-chip memory content)

Single compressed image with
Memory Initialization

Compressed image (with pre-initialized on-chip memory content)

Single compressed image

UFM®

Compressed Image

You must use the Altera On-chip Flash IP core to access to the flash memory in MAX 10 FPGAs. You can
instantiate and connect the Altera On-chip Flash IP to the Nios II processor using the Qsys system design
tool in Quartus IT software. The Nios IT soft core processor uses the Avalon® Memory-Mapped (Avalon-

MM) interface to communicate with the Altera On-chip Flash IP.

Figure 1: Example of Connections for The Altera On-chip Flash IP and the Nios Il Gen2 Soft Core

Processor
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@ This sector is NOT supported in 10M02 device.

() CFM sector is configured as virtual UFM.
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Description
Clodk Source
Clock Input
Feset Input
Clock Qutput
Reset Output
Mios II Processor
Clock Input
Reset Input
Avalon Memory Mapped Master
Avalon Memary Mapped Master
Interrupt Receiver
Reset Output
Avalon Memory Mapped Slave
Custom Instruction Master
Altera On-Chip Flash
Clock Input
Reset Input
Avalon Memory Mapped Slave
Avalon Memory Mapped Slave
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Related Information

« MAX 10 FPGA Configuration User Guide
o MAX 10 User Flash Memory User Guide

Altera On-chip Flash IP Architecture and Features
The Altera On-chip Flash IP core can provide access to five flash sectors:

« UFMO
« UFM1
« CFMO
« CFM1
« CFM2

Important facts about UFM and CFM sectors:

« CFM sectors are intended for configuration (bitstream) data (*.pof) storage.

+ You can store user data in the UFM sectors.

o Certain devices do not have a UFM1 sector. You can refer to Table 4 for available sectors in each
individual MAX 10 FPGA device.

» You can configure CFM2 as a virtual UFM by selecting “Single Uncompressed Image” configuration
mode.

+ You can configure CFM2 and CFM1 as a virtual UFM by selecting “Single Compressed Image”
configuration mode.

o The size of each sector varies with the selected MAX 10 FPGA devices.

Table 4: UFM and CFM Sector Size

This table lists the dimensions of the UFM and CFM arrays.

Pages per Sector Maximum Total
. User Flash | Configura- | OCRAM Size
Device it St i gl SRR . Memory Size | tion Memory (Kbit)
(Kbit)® Size (Kbit)

10M02 3 3 16 96 544 108
10M04 0 8 41 29 70 16 1248 2240 189
10M08 8 8 41 29 70 16 1376 2240 378
10M16 4 4 38 28 66 32 2368 4224 549
10M25 4 4 52 40 92 32 3200 5888 675
10M40 4 4 48 36 84 64 5888 10752 1260
10M50 4 4 48 36 84 64 5888 10752 1638

The Altera On-chip Flash IP core supports the following features:

@ The maximum possible value, which is dependent on the configuration mode you select.
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» Read or write accesses to UFM and CFM sectors using the Avalon MM data and control slave
interface.
« Supports page erase, sector erase and sector write.
« Simulation model for UFM read / write accesses using various EDA simulation tool.
ERAM Preload Option

The FPGA configuration data may contain MAX 10 FPGA On-chip RAM or ERAM initialization data.
The ERAM preload occurs during FPGA configuration before the device enters user mode. The ERAM
preload option allows initialization data for the On-chip RAM to be stored in the CFM sectors, this could
be any type of application data, including Nios II soft core processor software.

All MAX 10 FPGA devices except for the MAX 10 10M02 device can support dual FPGA configuration
images. This however requires the ERAM preload to be set to OFF, in order to reduce FPGA configura-
tion image size and ensure that the images will fit into the CFM.

When the ERAM preload feature is set to OFF, features that require initialization of on-chip RAM will not
work. The ERAM preload option is set to OFF by default.

Selecting Single Compressed Image with Memory Initialization or Single Uncompressed Image with
Memory Initialization configuration mode will enable the ERAM Preload option but will reduce the size
of UFM available.

Nios Il Processor Boot Options

Table 5: Summary of Nios Il Processor Boot Options

Application s .
Boot Option Code Stored Appllcatlon.Runtlme Boot Method
- Location
Location
Option 1:
Nios II processor application executes UEM UEM (XIP) + OCRAM/ Using the alt_load ()
in-place from Altera On-chip Flash External RAM (for data) | function
(UEM)
Option 2:
OCRAM/ External Using memcpy-
Nios II processor application copied UFM RAM based boot copier
from UFM to RAM using boot copier
Option 3:
Nios II processor application executes OCRAM OCRAM No b‘OOt copier is
in-place from Altera On-chip Memory required
(OCRAM)
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Option 1: Nios Il Processor Application Executes In-place From Altera On-chip Flash
(UFM)

This solution is suitable for Nios II processor applications which require limited on-chip memory usage.
The alt_load() function operates as a mini boot copier which copies the data sections (.rodata, .rwdata,
or .exceptions) from boot memory to RAM based on the BSP settings. The code section (.text), which is a
read only section, remains in the Altera On-chip Flash memory region. This helps to minimize the RAM
usage but may limit the code execution performance as access to the flash memory is slower than the on-
chip RAM.

The Nios II processor application is programmed into the UFM sector. The Nios II processor reset vector
points to the UFM sector in order to execute code from the UFM after the system resets.

If you are debugging the application using the source-level debugger, you must use a hardware breakpoint
to debug because the UFM does not support random memory access; which is required for soft
breakpoint debug.

Figure 2: Boot Option 1 Block Diagram

.POF

FPGA Data
.SOF

SOF
(FM 172

Nios Il Software
= .HEX

User
Software

Alt_load

Option 2: Nios Il Processor Application Copied From UFM To RAM Using Boot
Copier
Altera recommends this solution for MAX 10 FPGA Nios II processor system designs where there may be
multiple iterations of application software development and when high system performance is required.

The boot copier is located within the UFM at an offset which is the same address with the reset vector.
The Nios II application is located after the boot copier.

For this boot option, Nios II processor starts executing the boot copier software upon system reset to copy
the application from the UFM sector to the OCRAM/external RAM. Once this is complete, the Nios II
processor transfers the program control over to the application.

Note: The OCRAM size is limited, you have to ensure that the size is sufficient for application execution.
Refer to Table 7 for more information.
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Figure 3: Boot Option 2 Block Diagram
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Option 3: Nios Il Processor Application Executes In-place from Altera On-chip
Memory (OCRAM)

The On-chip Memory is initialized during FPGA configuration with data from a Nios II application
image. This data is built into the FPGA configuration bitstream, the programmer object file (POF). This
eliminates the need for a boot copier, as the Nios II application is already in place at system reset.

However, this option will not work in any of the following situations:

« When configuration mode with non memory initialization is selected.

o After a soft reset where the memory contents have been modified by the application and the applica-
tion code has been corrupted.

Figure 4: Boot Option 3 Block Diagram

.POF
.SOF FPGA Data .SOF
User Nios Il Software
Software HEX

(FM 172

Nios Il Soft Core Processor Configuration and Boot Flow

There are three guidelines to build a bootable system based on the MAX 10 FPGA configuration mode.
You can choose any of the booting options supported. Refer to the correct guideline in the following table
based on the boot option and the configuration mode.
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Table 6: Nios Il Processor Boot Options and MAX 10 FPGA Configuration Modes

Boot Option Supported Configuration Guideline to Use
Mode

« Option 1: Nios II processor « Single uncompressed Sinele Uncompressed/Compressed
application executes in-place image Im agge BootablI; Svstem Guigeline
from Altera On-chip Flash « Single compressed image Y
(UFM).

« Option 2: Nios II processor « Dual Compressed Images Dual Com[.)res‘sed Images Bootable
application copied from UFM System Guideline
to RAM using boot copier.

o Option 3: Nios II processor « Single uncompressed
application executes in-place image with Memory )
from Altera On-chip Memory Initialization ?Eagéz Uiioﬁfgssec}/n@:;nlzzsszd

. . wi ry Initializati
(OCRAM). » Single compressed image Bootable System Guideline
with Memory Initializa-
tion

Table 7: RAM and ROM Size Requirement For Each Boot Option

Note: You can manually determine whether your code fits into the Altera On-Chip Flash by referring to the
initial part of the .objdump file, created when you build your application.

RAM Size Requirement ROM Size Requirement

Option 1: Nios II processor applica- | Equivalent to the dynamic memory space | Executable code must
tion execute in-place from Altera On- | usage during run time which is the sum | not exceed the size of

chip Flash (UFM). of the maximum heap and stack size. the UFM.

Option 2: Nios II processor applica- | Equivalent to the executable code and Executable code and

tion copied from UFM to RAM using | dynamic memory size required by user | boot copier must not

boot copier. program. exceed the size of the
UFM.

Option 3: Nios II processor applica- | Equivalent to the executable code and Not applicable for this
tion execute in-place from Altera On- | dynamic memory size required by user | boot option.
chip Memory (OCRAM). program.

Boot System Guidelines for Option 1 and Option 2
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Figure 5: Configuration and Booting Flow for Option 1 and Option 2

Design
« Create your Nios Il Processor based project using Qsys system.
For Option 1: For Option 2:
- Add hardware breakpoint | | - Ensure that there is external RAM or onchip RAM in the system design.
option to the Nios - Instantiate the Altera Dual Configuration IP into your Qsys system if you opt for
processor. Dual Images configuration mode.

v

MAX 10 FPGA Configuration and Compilation

- Set the same internal configuration mode in Altera On-chip Flash IP in Qsys and Quartus Il software.

- Set Nios Il processor reset and exception vector based on your boot option.

« Uncheck Initialize memory content option in Altera On-Chip Flash IP to include UFM data (.HEX) separately during
programming files conversion.

- Optionally, you can check Initialize memory content option to include UFM data (.HEX) into the SOF file.

- Compile your project in Quartus Il software.

- Generate your design in Qsys.

v

BSP Editor Settings

« Create Nios Il processor HAL BSP.
« Edit Nios Il processor BSP settings and Linker Script in BSP Editor.
- Generate BSP project.

Application & Project Recompilation”

« Develop Nios Il processor application code.
- Compile Nios Il processor application and generate HEX file using makefile mem_init_generate target.
« Recompile your project in Quartus |l software if you check Initialize memory content option in Altera On-Chip Flash IP.

v

Programming Files Conversion

- Generate .pof file using Convert Programming Files feature in Quartus Il software

v

Download

v

Reset & Boot

+ Program the .pof file into your MAX 10 device.

+ Reset your MAX 10 device using reset button or power cycle your hardware.

(1) Project re-compilation is needed if Initialize Flash Content option was checked in Altera On-Chip Flash IP. You can ignore this step
if Intialize Flash Content option was unchecked in Altera On-Chip Flash IP

Single Uncompressed/Compressed Image Bootable System Guideline

Qsys Settings

1. In Nios I Gen2 Processor parameter editor, set the reset vector memory and exception vector memory
based on the boot options below:

Boot Option Reset vector memory: Exception vector memory:

Option 1a®® ‘ Altera On-chip Flash ‘ OCRAM/ External RAM

Nios Il Processor Booting Methods In MAX 10 FPGA Devices Altera Corporation
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Option 1b® Altera On-chip Flash Altera On-chip Flash
Option 2 Altera On-chip Flash OCRAM/ External RAM

Figure 6: Nios Il Gen2 Parameter Editor Settings Boot Option 1a and 2

Nios Il Processor .
altera_nios2 _gen2 Details

Main Wectars r Caches and Memory Interfaces rArithmetic Instructions r MMU and MPU Settings rJTAG Debug rAd\ranced Features

™ Reset Vector
Reset wector mernor: onchip_flash_0.data |v|
“Tesel veclor oirser Qx 00000000
Feset wector: 0x00200000
I~ Exception Vector
Exception wector memaory: onchip_memon2 _0.s1 |v|
Exception wector offset: OxOO0000Z 0
Exception wectar: 0x00420020

[~ Fast TLB Miss Exception Vector
Fast TLE Miss Exception vector memory | | |

Fast TLE Miss Exception wector affset:
Fast TLE Miss Exception wectar: QROO000000

Figure 7: Nios Il Gen2 Parameter Editor Settings Boot Option 1b

Nios Il Processor .
altera_nios2 _gen2 Details

[»

Main | “Wectors r Caches and Memory Interfaces rAriIhmetic Instructions r MMU and MPU Settings rJTAG Cebug rAd\fanced Features

I~ Reset Vector
I Reset vertar memary, onchip_flash_o.data [~]
Reset wector offset Cx00000000
Feset vector: 000200000
Exception Vector
Exception wvecior memory. onchip_flash_0.data |v|
TRCEpCn VECIOF DT st 0x0000002 0
Exception wector: 0x 00200020

[ Fast TLB Miss Exception Vector
Fast TLE Miss Exception wector memor\f.| | |

Fast TLE Miss Exception wectar offset:
Fast TLE Miss Exception wector: Qx00000000

2. In Altera On-chip Flash IP parameter editor, set the Configuration Mode: to Single Uncompressed
Image or Single Compressed Image.

) You can set the exception vector for Boot Option 1 to OCRAM/ External RAM (Option 1a) or Altera On-
chip Flash (option 1b) according to your design preference.

© Boot option 1a which sets exception vector memory to OCRAM/External RAM is recommended to make
the interrupt processing faster.
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Figure 8: Configuration Mode Selection in Altera On-Chip Flash Parameter Editor

Messages i L@ Farameters 33] Address Map 23| System Cantents 2’S| Intercannect Reguirements 23|

= [l fm|

System: OnChip  Path: onchip_flash_o

altera_onchip_flash

Altera On-Chip Flash

Details

[~ Parameters

[»

Data interface:
Fead burst mode:

Fead burst count:

Farallel |+
Incrementing :
e 1+

[* Configuration Mode

Configuration Scheme

Configuration Mode:

Single Uncompressed Image

[~ Flash Memory

Dual Compressed Images

Sector 1D

ALCess M

Single Compressed Image

[ PR

Read only
Read and writg

Single Uncompressed Image with Memory Initialization
Single Compressed Image with Memaonry Initialization

Read and writ
Read and write
Read and write

0x70000 - Oxb 7T CFM
OxhB000 - O 15T CFM

[+ 1]

[* Clock Source

Clack frequency:

MHz

The on-chip flash megafunction will be run with 50000000 Hz clock frequency.

[ Flash Initialization

[]Initialize flash content

Enable non-default initialization file
User created hex ar mif file:
User created dat file for simulation:

The on-chip flash is not initialized during device programming.

LIE]

-

3. Refer to the following table for the options to program UFM data (HEX file) and settings required in

Altera On-chip Flash IP.
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Options to program UFM data “ Settings in Altera On-Chip Flash IP

Option 1: Initialize the UFM Quartus Il includes the UFM initial- | | Check Initialize flash

12 Qsys Settings

data in the SOF

ization data in the SOF during
compilation. SOF recompilation is
needed if there are changes in the
UFM data.

content

2. If default path is used, add
meminit.qip generated during
“make mem_init generate”
into Quartus II project. Refer
to Figure 10.

Make sure the generated HEX
naming matches the default
naming.

3. If non-default path is
selected, enable the Enable
non-default initialization
file and specify the path of
the HEX file.

Note: For more information
about Steps 2 and 3,
refer to HEX File
Generation section.

Option 2: Combine UFM data
with a compiled SOF during
programming files (POF)
conversion 7

UFM data is combined with the
compiled SOF during the program-
ming files conversion. SOF
recompilation is NOT needed even
if there are changes in the UFM
data.

Uncheck Initialize flash content

) This is the reccommended method for application developer. You are not required to recompile SOF file for
application changes during development.

Altera Corporation
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Figure 9: Initialize Flash Contents with Default Initialization File
Messages &8 @ Paramgters 8@] Address Map 2’$| System Contents 23| Interconnect Reguirements &4 i (et Iz
System: OnChip  Path: onchip_flash_0
Altera On-Chip Flash
Details

T
Data interface:
Fead burst mode:

Fead burst count:

Farallel | -
Incrementing :
[e_I7]

[* Configuration Mode

Configuration scheme:

Configuration Mode:

Single Uncompressed Image

[* Flash Memory

Sector |0 Access Mode Address Mapping Tywpe
1 Read only QxOO000 - QxOFif LFM
2 Read and write QxrOBE000 - Qx0T LFM
3 Read and write Q10000 - Qe LFM
4 Read and write Q70000 - Oxh 7 CFM
5 Read and write CxhE000 - Ox151f CFM

[~ Clock Source

Clock frequency.

MHz

The on-chip flash megafunction will be run with 50000000 Hz clock frequency.

~_Flash Initialization

nitialize flash content

[ Enable non-default initialization file
User created hex ar mif file:
User created dat file for simulation:

The on-chip flash will be initialized from "OnChip_onchip_flash_0.hex"
The on-chip flash will be initialized from "OnChip_onchip_flash_0.dat” for simulation

]
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Figure 10: Adding meminit.qip File in Quartus II

Settings - RemoteUpdate

Category:

General
Libraries
- IP Settings
IP Catalog Search Locations
Design Templates
-t Operating Settings and Conditic
Voltage
Temperature
I=- Compilation Process Settings
Incremental Compilation
-- EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
-t Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Sett
SSN Analyzer

g |

Altera Corporation

Select the design files you want to include in the project. Click Add All to add all design files in the
project directory to the project.

N

File name: |software/helloWorld_ledBlink/mem_init/meminit.qip Add |
File Name Type | Library |De5'|gn Entr Add Al
+- MMTan/synthesis/OnChip.qip IP Variation File (.qip) =None= =
RemoteUpdate.v Verilog HDL File =None= Remove
stpl.stp SignalTap Il Logic Analyzer File =MNone>
Up
Down
Properties
/| | i
OK | Cancel | Apply | Help
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Figure 11:Initialize Flash Content with Non-default Initialization File
Messages &% @ Parameters #2 Address Map &2 | System Contents &2 Interconnect Requirements 8% e
System: OnChip  Path: onchip_flash_0
Altera On-Chip Flash
altera_onchip_flash Details
= LEEICIRS -
Read burst mode; Incrementing :
Read burst count 3 : B
[* Configuration Mode
Configuration Scheme: ‘ |
Configuration Mode: Single Uncompressed Image |v‘
[~ Fiash Memaory
Sector 1D Arcess Mode Address Mapping Type
1 Read only 000000 - OxOFT UFM
2 Read and write 0x08000 - OxOffff LIFM
3 Read and write 0310000 - Ox&if LIFM
i Read and write 0x70000 - Oxh7if CFM
5 Read and write 0xhE000 - Ox 15T CFM
(1] -
[ Clock Source
Clock freguency. MHz
The on-chip flash megafunction will be run with 50000000 Hz clock frequency.
[~ Flash Initialization
Initialize flash content
Enable non-default initialization file
User created hex or mif file |[da|a[mmtan[MA><10[RemnlELI;Jdate_reslured[snﬁware]hel\uWnr\d_IEdE\mk[mEm_mlunn[hlp_ﬂash_o hex H:‘
User created dat file for simulation: |[da(a[mmtan[MAX10[RemmeLlpuate,reslor’ed[saf(warefheI\oWar\c!,Iec!B\ink[mem,init[hdl,swm[unchip,ﬂash,o dat H:‘
User is required to provid flash initialization file.
The on-chip flash will be lized from "/ data/ mmtan; MAX10/ RemoteUpdate_restored/ software, helloworld_ledBlink mem_init/ onchip_flash_0.hex"
The on-chip flash will be initialized from "/ data/ mmtan/MAX10/RemoteUpdate_restored/ software, helloworld_ledBElink;/ mem_init/ hdl_sim/onchip_flash_0.dat” for simulation L

4. Ensure that the Altera On-chip Flash CSR port is connected to the Nios II Gen2 processor data master
to enable write and erase operations.

Figure 12: CSR Connection to Nios Il Gen2 dat a_mast er

—

5. Click Generate HDL, the Generation dialog box appears.

E onchip_flash_D
clk
nreset
data
csr

B M nios2?_gen2_0
clk
reset
data_master
instruction_master
irg
debug_reset_request
debug_mem_slawve
custom_instruction_master

Altera On-Chip Flash

Clack. Input

Feset Input

Awralon Memory Mapped Slave
Awalon Memory Mapped Slave
Mios Il Pracessar

Clock Input

Feset Input

Awalon Memory Mapped Master
Ayalon Memory Mapped Master
Interrupt Receiver

Feset Qutput

Awalon Memory Mapped Slave
Custom Instruction Master

6. Specify output file generation options, and then click Generate.

Related Information

HEX File Generation on page 20

Quartus Il Software Settings

1. In Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configuration.

Set Configuration mode: to Single Uncompressed Image or Single Compressed Image.®

® The size of UFM shown will vary according to your device selection.
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Figure 13: Configuration Mode Selection in Quartus Il Software

Device and Pin Options - RemoteUpdate |

Category:

General Configuration
Configuration

Programming Files

Unused Pins
Dual-Purpose Pins Configuration scheme: |Interna| Configuration j

Specify the device configuration scheme and the configuration device.

Capacitive Loading
Eoard Trace Model

/O Timing Configuration device
Voltage Single Compressed Image (5888Kbits UFM)

Pin Placement Single Compressed Image with M... Initialization (512bit5 UFM)

Error Detection CRE iVt Ples el | Single Uncompressed Image (3584Kbits UFM)

CVP Settings Single Uncompressed Image with... Initialization (512Kbits UFM)
Partial Reconfiguration

Configuration mode: |Sing|e Uncompressed Image (3584Kbits UFM) »
Dual Compressed Images (512Kbits UFM)

Configuration device I/O voltage: | |

[~ Force VCCIO to be compatible with configuration IO voltage

W Generate compressed bitstreams

Active serial clock source: j

[ Enable input tri-state on active configuration pins in user mode

Description:

Specifies the configuration mode used with the configuration scheme for configuring
the device.

Reset

oK ‘ Cancel‘ Help |

Note: If the configuration mode setting in Quartus II software and Qsys parameter editor is different, the
Quartus II project compilation will fail with the following error message.

Q 14740 Configuration Mode parameter on atom "ufm block" i= inconsistent with Quartus II project =etting.
Q 14740 MAX address parameter on atom "ufm block" is inconsistent with Quartus II project setting.

¥ Q Cuartus IT 64-Bit Fitter was unsuccessful. 2 errors, 0 warnings
Q 293001 Quartus II Full Compilation was unsuccessful. 4 errors, 10 warnings

2. Click OK to exit the Device and Pin Options window.
3. Click OK to exit the Device window.
4. Click Start Compilation to compile your project and generate the .sof file.

Related Information
HEX File Generation on page 20
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BSP Editor Settings 17

BSP Editor Settings

You must edit the BSP editor settings according to the selected Nios II processor boot options.

1.

5.

Nios Il Processor Booting Methods In MAX 10 FPGA Devices

In the Nios IT SBT tool, right click on your BSP project in the Project Explorer window. Select Nios II
> BSP Editor... to open the Nios II BSP Editor.

In Nios II BSP Editor, click on Advanced tab under Settings.

Click on hal to expand the list.

Click on linker to expand the list.

Nios I BSP Editor - /data/klyapitechcomm/MAx 10 Nios boot ANMAXLO EVAL VDEMO V6 141 flash/MAXL0 EVAL VDEMO XIP DUAL BOOT/software/hello_from flash_bspisettings. bsp = @pg-slscrod:

File Edit Tools Help
l/ Main r Software Packages r Drivers r Linker Script r Enahble File Ceneration rTarget BEP Directory

SOPC Infarmation file: /. fNIOSI_M10.sapcinfa
CPU name: NIOSZ_GCEMZ

Operating system: Altera HAL Wersion: :

BSPtarget directory:  fdataj/rcluifmork/dallas MAXI0_EVAL WDEMO_WE_141 flash/mMAX10_EVAL WDEMO fsoftware fhello_from_flash_bsp

¢ Settings : hal
¢ ; sys_clk_timer:
o= hal :
9 Arfvanced : timestamp_timer: m
ek 5 jron=| ~|
max_file_descriptors : stodin: TAG_UART =
enahle_instruction_related_exceptions_api : —
log_port : stoout: ITAG_UART =
enable_exit : —
enable_clean_exit : stderr: TAG_UART =
enakle_runtime_stack_checking : -
Enable._c.plis_olus : enable_small_c_library
enable_lightweight _device_driver_api :
enable_mul_di_emulation : ] enahle_garof

enakle_sopc_sysid_check
cusiom_newlib_flags i
log_flags [] enahle_sim_oatimize
¢ linker
allow_rcoce_at_reset
enable_alt_load
enable_alt_load_copy_rodata :
enable_alt_load_copy_rwdata : eXCeption_stack_size: |1024 |
enakle_alt_load_copy_exceptions :

o make exception_stack_rmermory_region_name:  [onCHIP_RAM_ 22K =

[] enahle_interrupt_stack

enable_reduced_device_drivers

| havtinker

[] enahle_gxception_stack

interrupt_stack_size: |1024 |

Interrupt_stack_memony_region_narne: =
hal.make

bsp_cflags_debug: [-g |

bsp_cflags_optimization: |—Os |

Based on the boot option used, do one of the following:

Altera Corporation
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« For boot option 1a, if exception vector memory is set to OCRAM/ External RAM, enable the

18 BSP Editor Settings
following:
o allow_code_at_reset
« enable_alt load
o enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

« For boot option 1b, if exception vector memory is set to Altera On-chip Flash, enable the following:

« For boot option 2, leave all the hal linker settings unchecked.

allow_code_at_reset
enable_alt_load

enable_alt_load_copy_rodata

enable_alt_load_copy_rwdata

Figure 14: Advanced.hal.linker Settings for Boot Option 1a

File Edit Tools Help

B5SP Editor - settings.bsp (on pg-iccf0295)

Main r’ software Packages r Drivers r’ Linker Script |/ Enable File Generation r Target BSP Directary |

SOPC Informatian file: /. /OnChip.sapcinfa
CPU hame: nios2_genZ_0

Qperating system: Altera HAL

Wersion: [default :

BSPtarget directory: Jdata/mmtan/MAX10/Remotelpdate_restored/ software fhelloWorld_ledBlink_bsp

LLELA=1 R ALY b=t =1 18] e =i L =

¢ rmake
bsp_cflags_debug
bsp_cflags_optimization

9 Advanced
¢ hal

rmax_file_descriptors
enable_instruction_related_exceptions_a
log_port
enable_exit
enable_clean_exi
enakle_runtime_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlio_flags
log_flags

o= linker

o rrake

:[Fhalfinker

allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_lnad_copy_rwdata

enable_ali_load_copy_exceptions

Altera Corporation
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Figure 15: Advanced.hal.linker Settings for Boot Option 1b

BSP Editor - settings.bsp (on pg-iccf0238)

File Edit Tools Help

Main rSUflwarE Packages r Drivers r Linker 3cript rEnabIe File Generation rTarget BSP Directory |

SOPC Information file: /. f/Imagel_nios.zopcinfo

CPU name: niosZ_genz_0

Operating system: Altera HAL Wersion: ﬂ

BSPtarget directory: Jdatajmmtan/MAXLI0MIOSI_Image0/software fled_blinking_bsp

...................... L P T
¢ make m
bsp_cflags_debug allow_code_al_reset
bsp_cflags_optimization enatle_alt_load
¥ 'é;d\(:;cm enable_alt_load_copy_rodata
may _file_descriptors enable_alt_load_copy_rwdata
enable_instruction_related_exceptions_a )
lng_port || enable_alt_load_copy_exceptions
enahle_exit

enahle_clean_exit
enable_runtirme_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custarm_newlib_flags
log_flags

o= linker

o make

BSP Editor - settings.bsp (on pg-iccf0295)

File Edit Toaols Help

( Main rSoftwar'e Packages r Drivers r Linker Script rEnabIe File Generation r Target BSP Directory |

SOPC Information file: /. /OnChip.sopcinfo
CPU name: niosZ_genz_0

Cperating system: Altera HAL Wersion: ﬂ

BESPtarget directory:  fdata/mmtan/MARL0/Remotellpdate_restored/software/helloWorld_ledBlink_bsp

¥ AITCED | hallinker

9 hal — I
max_file_descriptars f [ allowi_code_at_reset
enable_instruction_related_exceptions_a 3
log_port — []enable_alt_load
enable_exit i
enable clean exit ; [ | enable_alt_load_copy_rodata
enable_rumime_stack_checking 3 [] enable_alt_load_copy_rewdata
enahle_c_plus_plus §
enable_lightweight_device_driver_api i [[Jenable_alt_load_copy_exceptions

enable_mul_div_emulation
enahle_sopc_sysid_check
custom_newlib_flags
log_flags
?
allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_ali_load_copy_rnivdata
enable_alt_load_copy_exceptions 1 |
o make x|
< Il [Tr]

6. Click on Linker Script tab in the Nios II BSP Editor.
7. Based on the boot option used, do one of the following:

« For boot option la and 1b, set the .text item in the Linker Section Name to the Altera On-chip
Flash in the Linker Region Name. Set the rest of the items in the Linker Section Name list to the
Altera On-chip Memory (OCRAM) or external RAM.

 For boot option 2, set all of the items in the Linker Section Name list to Altera On-chip Memory
(OCRAM) or external RAM.
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HEX File Generation

Figure 17: Linker Region Settings for Boot Option 1a and 1b

File Edit Tools Help

BSP Editor - settings.bsp (on pg-iccf0295)

AN-730
2015.06.15

Linker Section Mappings

( Main rSoftware Packages r’ Drivers r Linker Script rEnabIe File Ceneration r Target BSP Directary |

Linker Section Mame = Linker Region Mame Memaory Device Mame Add..
.hss onchip_memory2_o onchip_memory2_0 Remove...
LERTrY reset onchip_flash_0_data Restore Defaulis.
. exceptions onchip_memnory2_0 onchip_menory2_0
.heap onchip_menoryz_0 onchip_memory2_0
. rodata onchip_memory2_0 onchip_memory2_0
. radata onchip_menoryz_0 onchip_memory2_©Q
.stack onchip_memory2_0 onchip_memory2_0
STEXT onchip_flash_0_data onchip_flash_0_data

Linker Memory Regions

Linker Region Mame Address Range = Memory Device Mame size (hytes) Offzet (hytes) Add.
onchip_memory2_0 QxO0420020 - Qx0043DFFF  |onchip_memory2_o 122848 32 Remove...
onchip_memory2_0_BEFORE_EXCEPTION Ox00420000 - Ox0042001F  |onchip_memory2_0 32 4} Restore Defaulie..
onchip_flash_0_data OxOO200020 - Ox0035FFFF  |onchip_flash_0_data 1441760 32
reset 000200000 — 0xQ020001F  |onchip_flash_0_data a2 Lt]

Add Memory Device...

Remove Memory Device

Memory Usage...

Memory Map...

Figure 18: Linker Region Settings for Boot Option 2

File Edit Tools Help

BSP Editor - settings.bsp (on pg-iccf0295)

Linker Section Mappings

( Main rSoftware Packages |/ Drivers r’ Linker Script rEnabIe File Ceneration rTarget BSP Directory |

Linker Saction Mame Linker Region Mame Memory Device Mame Add

hss onchip_menory2_0 onchip_memory2_0 Remoue...
SEntry reset DnCh'! p_flash_0_data Restore Defaults..
LexCeptions onchip_menoryz_0 onchip_memnoryz_0

.heap onchip_menory2_0 onchip_memory2_0

. rodata onchip_nemory2_0 anchip_menory2_0

. rwdata onchip_menoryz_0 onchip_memoryz_0

.stack onchip_nemory2_0 anchip_menory2_0

.text onchip_menory2 0 onchip_memory2_0

Linker Memory Regions

Linker Region Mame Address Range « Memory Device Mame Size (bytes) Offset (bytes) Add...
anchip_memory2_0 Q0420020 - 0x0D430FFF  [anchip_memory2_0 122848 32 Remove...
onchip_memory2_0_BEFORE_EXCERFTION Cx00420000 - 0x0042001F  |onchip_memory2_0 32 (o] Restore Defaults
anchip_flash_0_data Q0200020 - 0x0O35FFFF  |onchip_flash_0_data 1441760 32
reset Q00200000 - 0x0020001F  jonchip_flash O data 32 o]

Add Memary Dewvice

Remowe Memory Device...

Memory sage..

Memory Map...

HEX File Generation

1. In the Nios II SBT tool, right click on your project in the Project Explorer window.
2. Click Make Targets -> Build..., the Make Targets dialog box appears. You can also press shift + F9 to
trigger the Make Target dialog box.

3. Select mem_init_generate.
4. Click Build to generate the HEX file.

Altera Corporation
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Figure 19: Selecting mem_init_generate in Make Targets

| & Make Targets x|

Make Targets for: testing

-
| Target Location [ | Add...

@ mem_init_install

@ mem_init generate

® help

Remove

Edit...

Cancel l [ Build

5. The “mem_init_generate” macro will create two HEX files; on_chip_ram.hex and on_chip_flash.hex.
The on_chip_ram.hex will be used for boot option 3 and on_chip_flash.hex is used for boot option 1 and
2.

Note: « The mem_init_generate target also generates a Quartus II IP file (meminit.qip). Quartus II
software will refer to the meminit.qip for the location of the initialization files.
o All these files can be found under "<project_folder>/software/<application_name>/
mem_init" folder.

6. Recompile your project in Quartus II software if you check Initialize memory content option in
Altera On-Chip Flash IP. This is to include the software data (.HEX) into the SOF file.

Related Information

o Qsys Settings on page 9

o Quartus II Software Settings on page 15
Programmer Object File (.pof) Generation

1. In QuartusII, click on Convert Programming Files (.pof) from the File tab.
2. Choose Programmer Object File as Programming file type:.
3. Set Mode to Internal Configuration.
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Figure 20: Convert Programming File Settings

File Tools Window

Specify the input files to convert and the type of programming file to generate. =

You can also import input file information from other files and save the conversion setup information created here for
future use

Conversion setup files

Qpen Conversion Setup Data... Save Conversion Setup. ‘

Qutput programming file

Programming file type: ‘Prugrammer ©Object File (.pof)
Options/Boot info Configuration device: [EPcELE -l |Muds'
File name: ‘cutput_fi\e pof

Advanced Remate/Local update difference file NONE

¥ Create Memory Map File (Generate output_file map)
" Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)
" Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address
SOF Data Page_0 <auto>

Add Hex Data

Down

Properties ‘ ﬂ

4. Click on Options/Boot info..., the MAX 10 Device Options dialog box appears.
5. Based on the Initialize flash content settings in the Altera On-chip Flash IP, do one of the following:

o IfInitialize flash content is checked, the UFM initialization data was included in the SOF during
Quartus II compilation. Select Page_0 for UFM source: option. Click OK and proceed to next step.

o IfInitialize flash content is not checked, choose Load memory file for UFM source: option.
Browse to the generated Altera On-chip Flash HEX file (on_chip_flash.hex) in the File path: and

click OK. This will add UFM data separately to the SOF file during the programming file
conversion.
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Figure 21: Setting Page_0 for UFM Source if Initialize flash content is Checked

Max 10 Device Options

Power On Reset scheme: [[REERE ] 5,

W Set I/O to weak pull-up prior usermode
W Auto-reconfigure from secondary image when initial image fails
[~ Use secondary image ISP data as default setting when awvailable

Security
[~ Verify protect

[ Allow encrypted POF only

Dual Config

[" Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Page_0

[ e

File path: |

Description:

Specifies device Power On Reset (POR) scheme.

0
-~

Cancel
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Figure 22: Setting Load Memory File for UFM Source if Initialize flash content is not Checked

.-v MAX L0 Device Options =@ pg-slsciid >

Power On Reset scheme: Instant OM j
¥ Enable user |/Os weak pull-up during configuration
W Auto-reconfigure from secondary image when initial image fails

[ Use secondary image ISP data as default setting when available

Security
[ Verify protect

[ Allow encrypted POF only

Dual Config

[ Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Load memory file

File path: |-|5 himem_init/backup/MAX10 FLASH 163 hex

oK Cancel

L L g

6. In the Convert Programming File dialog box, at the Input files to convert section, click Add File...
and point to the generated Quartus II .sof file.
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Figure 23: Input Files to Convert in Convert Programming Files

R Convert Programming File - fdatafkiya pitechcomm/MAx 10 Nios boot ANMAXLO.EVAL VDEMO V6,141 flash/MAXLO_EVAL VDEMO_XIP_DUAL BOOT/top - top =@ pg-slsciis

File Tools Window

Conversion setup files

Open Conversion Setup Data..

Save Conversion Setup...

Output programming file
Programming file type |Programmsr Object File (_pof) j
: Options/Boot info Configuration device EPCE16 j Mode Internal Configuration j
File name |output_f\|e pof J
Advanced Remote/Local update difference file NONE j
¥ Create Memory Map File (Generate output_file.map)
[T Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)
[ Create config data RPD (Generate output_file_auto rpd)
Input files to convert
File/Data area | Properties ‘ Start Address ‘ Add Hex Data
=I- SOF Data Page_0 <auto> Add Sof Page
Ll
Add File..
Remove
Up
Down
Properties
Generate I Close ‘ Help | L

7. Click Generate to create the .pof file.
8. Program the .pof file into your MAX 10 device.

Dual Compressed Images Bootable System Guideline

Related Information

MAX 10 FPGA Configuration User Guide, section Remote System Upgrade in Dual Compressed

Images.

Qsys Settings

1. In Nios IT Gen2 Processor parameter editor, set the reset vector memory and exception vector memory

based on the boot options below:

Boot Option Reset vector memory: Exception vector memory:

Option 1a®19 Altera On-chip Flash OCRAM/ External RAM
Option 1b® Altera On-chip Flash Altera On-chip Flash
Option 2 Altera On-chip Flash OCRAM/ External RAM

©) You can set the exception vector for Boot Option 1 to OCRAM/ External RAM (Option 1a) or Altera On-

chip Flash (option 1b) according to your design preference.

(19 Boot option 1a which sets exception vector memory to OCRAM/External RAM is recommended to make

the interrupt processing faster.
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altera_nios2_gen2

2015.06.15
Figure 24: Nios Il Gen2 Parameter Editor Settings Boot Option 1a and 2
Nios Il Processor .
altera_nios2 _gen2 Details
Main | Wectars | Caches and Memary Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Depug | Advanced Features B
™ Reset Vector
Reset vector memary: onchip_flash_0.data |v|
“Rece wacior oiser. 0x00000000
Feset wvector: 000200000
IF Exception vector
Exception wectar memany onchip_memory? _0 51 |v|
Exception vector offset: 000000020
Exception wector: 0x00420020
[~ Fast TLB Miss Exception Vector T
Fast TLE Miss Exception wector mermang | | |
Fast TLE Miss Exception wector affset:
Fast TLE Miss Exception wectar: Ox00000000
Figure 25: Nios Il Gen2 Parameter Editor Settings Boot Option 1b
Nios Il Processor Detal
Details

[»

Main | Wectors | Caches and Memary Interfaces | Arithmetic Instructions | MMU and MPU Sertings | JTAG Debug | Advanced Features

I~ Reset Vector

I Feset wector mermaory.

|v|

onchip_flash_0.data
Feset wedtar offset 000000000
Reset wactor: Cx00200000
Exception Vector
Exception weclar mermaony. onchip_flash_0.data |v|

RLERTION WELiOr OTTSeT, Qx00000020
Exception wector: QuO0200020
[~ Fast TLB Miss Exception Vector
Fast TLE Miss Exception wecior memorv.| | |
Fast TLE Miss Exception wectar offset:
Fast TLE Miss Exception wector: Ox00000000

2. In Altera On-chip Flash IP parameter editor, set the Configuration Mode: to Dual Compressed

Images.

3. Refer to the following table for the options to program UFM data (HEX file) and settings required in
Altera On-chip Flash IP.
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Options to program UFM data “ Settings in Altera On-Chip Flash IP

Option 1: Initialize the UFM Quartus Il includes the UFM initial- | | Check Initialize flash

Qsys Settings 27

data in the SOF

ization data in the SOF during
compilation. SOF recompilation is
needed if there are changes in the
UFM data.

content

2. If default path is used, add
meminit.qip generated during
“make mem_init generate”
into Quartus II project. Refer
to Figure 27.

Make sure the generated HEX
naming matches the default
naming.

3. If non-default path is
selected, enable the Enable
non-default initialization
file and specify the path of
the HEX file.

Note: For more information
about Steps 2 and 3,
refer to HEX File
Generation section.

Option 2: Combine UFM data
with a compiled SOF during
programming files (POF)
conversion ()

UFM data is combined with the
compiled SOF during the program-
ming files conversion. SOF
recompilation is NOT needed even

Uncheck Initialize flash content

if there are changes in the UFM
data.

() This is the reccommended method for application developer. You are not required to recompile SOF file for
application changes during development.
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System: OnChip  Path: onchip_flash_Q

Altera On-Chip Flash

2015.06.15
Figure 26: Dual Compressed Images Mode with initialize flash content Turned-on
Messages & JQ P_aramelers 575] Address Map §7$| Systern Contents S@| Interconnect Reguirements 33| = [z} ic3)
Details

altera_onchip_flash
!

Fead burst mode:

Read burst count: 3 :

Diata interface: Parallel | w
Incrementing :

[~ Configuration Mode

Configuration Scherme:

Configuration Mode:

Cual Compressed Images

|-||

[~ Flash Memory

Read and write
Read and write
Read and write

[Ty

Q10000 - Qe
Qx7 0000 - Oxh7if
OxhE000 - Ox 15T

Sector 1D Access Mode Address Mapping Type
Read only Q00000 - OxO7fT LIFM
Read and write OxOE000 - QRO LIF

CFM (Image 23
CFM (Image 23
CFM (Image 1)

0]

[* Clock Source

Clock frequency;

MHz

The on-chip flash megafunction will be run with 50000000 Hz clock frequency.

[~ Flash Initialization

Initialize flash content

[]Enakle non-default initialization file
User created hex or mif file
User created dat file for simulation:

The on- chip flash will be in

ized from "OnChip_onchip_flash_0.hex™
The on- chip flash will be initialized from "OnChip_onchip_flash_0.dat” for simulation

]

Altera Corporation
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Figure 27: Adding meminit.qgip File in Quartus II

Settings - RemoteUpdate

Category:
Libraries Select the design files you want to include in the project. Click Add All to add all design files in the
- IP Settings project directory to the project.
IP Catalog Search Locations
Design Templates File name: |software/helloWorld_ledBlink/mem_init/meminit.qip Add |

-t Operating Settings and Conditic

Voltage File Name Type | Library |De5'|gn Entr Add Al
Temperature +- MMTan/synthesis/OnChip.qip IP Variation File (.qip) =None=

= Compilation Process Settings RemoteUpdate.v Verilog HDL File =None= Remove
Incremental Compilation stpl.stp SignalTap Il Logic Analyzer File =None=

-- EDA Tool Settings
Design Entry/Synthesis

il

Simulation Down

Formal Verification

Board-Level Properties
-t Compiler Settings

VHDL Input

Verilog HDL Input

Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Sett
SSN Analyzer

/| | i

4 | ﬂ OK | Cancel | Apply | Help
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Figure 28: Dual compressed Images with Non-default Initialization File Enabled

Messages &2 -@Parame(ers 2 Address Map ¥ System Contents 22| Interconnect Requirements & o
System: OnChip  Path: onchip_flash_0

Altera On-Chip Flash

altera_onchip_flash Details
REad OUrsT frode, Incrementing | » :
Read burst count
~ Configuration Mode |
Configuration Scheme: | ‘
Configuration Mocle: Dual Compressed Images ‘v|
[~ Flash Memory
Sector D Arcess Mode Address Mapping Type
1 Read only 0x00000 — Ox07ff UFM
2 Read and write 0x08000 — QuOfiff LFM
3 Read and write Ox 10000 - OxETf CFM {Image 2)
4 Read and write Qx70000 - Qb7 CFM {Image 2)
S Read and write OxbB000 - Ox 15 CFM {Image 1)

[~ Clock Source
Clock fregquency: MHz

The on-chip flash megafunction will be run with 50000000 Hz dock frequency.

~ Flash Initialization

Initialize flash content

Enahble non-default initialization file

User created hex ar mif file [foianamimtan /M A% 10 /Rematelpdate_restored /software/helloWorld_ledBlink /merm_initjonchip_flash_0.hex \D
User created dat file for simulation: | /datajmmian/MAX 10 /Remotelpdate_restoredfsoftware/helloWorld_ledBlink/mem_inithdl_simfonchip_flash_0.dat H:‘

User is required to provide the flash initialization file.
The on- chip flash will be initialized from "/ data/mmtan/MAX10/RemoteUpdate_restored; software/ helloWorld_ledBlink, mem_init/ onchip_flash_0.hex"
The on-chip flash will be i ized from "/ data/mmtan/MAX10/RemoteUpdate_restored/ software/ helloWorld_ledEBlink/ mem_init/ hdl_sim/onchip_flash_0.dat” for simulation

4. Ensure that the Altera On-chip Flash CSR port is connected to the Nios II Gen2 processor data master
to enable write and erase operations.

Figure 29: CSR Connection to Nios Il Gen2 dat a_mast er

E onchip_flash_D Altera On-Chip Flash
clk Clock Input
= nreset Feset Input
data Ayalon Memory Mapped Slave
csr Awalon Memory Mapped Slave
= Q nios2_gen2_D Mios Il Processor
clk Clock Input
reset Feset Input
cata_master Awalon Memory Mapped Master
—— < instruction_rmaster Ayalon Memory Mapped Master
ﬁ irgy Interrupt Feceier
(—< debug_reset_request Feset Qutput
debug_mem_slave Awalon Memory Mapped Slave
‘ | custom_instruction_master |Custom Instruction Master

5. Ensure the Altera Dual Configuration IP is instantiated in Qsys to enable dual images configuration.
6. Click Generate HDL, the Generation dialog box appears.
7. Specify output file generation options, and then click Generate.

Related Information
HEX File Generation on page 35

Quartus Il Software Settings

1. In Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configuration.
Set Configuration mode: to Dual Compressed Images.'?
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Figure 30: Dual Compressed Images Configuration Mode in Quartus I

Device and Pin Options - RemoteUpdate

Category:

General Configuration
Configuration

Programming Files

Unused Pins
Dual-Purpose Pins Configuration scheme: [Internal Configuration

Specify the device configuration scheme and the configuration device.

Capacitive Loading
Board Trace Model

Led Lo

Configuration mode: |Dua| Compressed Images (512Kbits UFM)

I/C Timing Configuration device

Voltage

Pin Placement |Auto j
Error Detection CRC ™ Use configuration device:

CwP Settings Device Options . ‘

Partial Reconfiguration
9 Configuration device /O voltage: | j

[~ Force VCCIO to be compatible with configuration I/Q voltage

W Generate compressed bitstreams

Active serial clock source: j

[ Enable input tri-state on active configuration pins in user mode

Description:

The method used to load a design into the device. Only one configuration scheme is
available: Internal Configuration (use internal flash).

Reset

oK | Cancel ‘ Help |

Note: If the configuration mode setting in Quartus II software and Qsys parameter editor is different, the
Quartus II project compilation will fail with the following error message.

€3 14740 Configuration Mode parameter on atom "ufm_block" is inconsistent with Quartus IT project setting.
Q 14740 MAYX address parameter on atom "ufm block" is inconsistent with Quartus II project setting.

+ Q Quartus II 64-Bit Fitter was unsuccessful. 2 errors, 0 warnings
0 2893001 Quartus II Full Compilation was unsuccessful. 4 errors, 10 warnings

2. Click OK to exit the Device and Pin Options window.
3. Click OK to exit the Device window.
4. Click Start Compilation to compile your project and generate the .sof file.

Related Information
HEX File Generation on page 35

(12 The size of UFM sector will vary according to your device selection.
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BSP Editor Settings
You must edit the BSP editor settings according to the selected Nios II processor boot options.

1. In the Nios II SBT tool, right click on your BSP project in the Project Explorer window. Select Nios II
> BSP Editor... to open the Nios II BSP Editor.

2. In Nios II BSP Editor, click on Advanced tab under Settings.

3. Click on hal to expand the list.

4. Click on linker to expand the list.

Nios I BSP Editor - /data/klyapitechcomm/MAx 10 Nios boot ANMAXLO EVAL VDEMO V6 141 flash/MAXL0 EVAL VDEMO XIP DUAL BOOT/software/hello_from flash_bspisettings. bsp = @pg-slscrod:

File Edit Tools Help
l/ Main r Software Packages r Drivers r Linker Script r Enahble File Ceneration rTarget BEP Directory

SOPC Infarmation file: /. fNIOSI_M10.sapcinfa
CPU name: NIOSZ_GCEMZ

Operating system: Altera HAL Wersion: :

BSPtarget directory:  fdataj/rcluifmork/dallas MAXI0_EVAL WDEMO_WE_141 flash/mMAX10_EVAL WDEMO fsoftware fhello_from_flash_bsp

¢ Settings : hal
¢ ; sys_clk_timer:
o= hal :
9 Arfvanced : timestamp_timer: m
ek 5 jron=| ~|
max_file_descriptors : stodin: TAG_UART =
enahle_instruction_related_exceptions_api : —
log_port : stoout: ITAG_UART =
enable_exit : —
enable_clean_exit : stderr: TAG_UART =
enakle_runtime_stack_checking : -
Enable._c.plis_olus : enable_small_c_library
enable_lightweight _device_driver_api :
enable_mul_di_emulation : ] enahle_garof

enakle_sopc_sysid_check
cusiom_newlib_flags i
log_flags [] enahle_sim_oatimize
¢ linker
allow_rcoce_at_reset
enable_alt_load
enable_alt_load_copy_rodata :
enable_alt_load_copy_rwdata : eXCeption_stack_size: |1024 |
enakle_alt_load_copy_exceptions :

o make exception_stack_rmermory_region_name:  [onCHIP_RAM_ 22K =

[] enahle_interrupt_stack

enable_reduced_device_drivers

| havtinker

[] enahle_gxception_stack

interrupt_stack_size: |1024 |

Interrupt_stack_memony_region_narne: =
hal.make

bsp_cflags_debug: [-g |

bsp_cflags_optimization: |—Os |

5. Based on the boot option used, do one of the following:
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« For boot option 1a, if exception vector memory is set to OCRAM/ External RAM, enable the

following:

o allow_code_at_reset

« enable_alt load

o enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

« For boot option 1b, if exception vector memory is set to Altera On-chip Flash, enable the following:

« For boot option 2, leave all the hal linker settings unchecked.

allow_code_at_reset
enable_alt_load

enable_alt_load_copy_rodata

enable_alt_load_copy_rwdata

Figure 31: Advanced.hal.linker Settings for Boot Option 1a

B5SP Editor - settings.bsp (on pg-iccf0295)

File Edit Tools Help

Main r’ software Packages r Drivers r’ Linker Script |/ Enable File Generation r Target BSP Directary |

SOPC Informatian file: /. /OnChip.sapcinfa
CPU hame: nios2_genZ_0

Qperating system: Altera HAL

Wersion: [default :

BSPtarget directory: Jdata/mmtan/MAX10/Remotelpdate_restored/ software fhelloWorld_ledBlink_bsp

¢ make

9 Advanced
¢ hal

o= linker
o rrake

LLELA=1 R ALY b=t =1 18] e =i L =

bsp_cflags_debug
bsp_cflags_optimization

rmax_file_descriptors
enable_instruction_related_exceptions_a
log_port

enable_exit

enable_clean_exit T I

enakle_runtime_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlio_flags

log_flags

:[Fhalfinker

allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_lnad_copy_rwdata

enable_ali_load_copy_exceptions
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Figure 32: Advanced.hal.linker Settings for Boot Option 1b

BSP Editor - settings.bsp (on pg-iccf0238)

File Edit Tools Help

AN-730

2015.06.15

Main rSUflwarE Packages r Drivers r Linker 3cript rEnabIe File Generation rTarget BSP Directory |

SOPC Information file: /. f/Imagel_nios.zopcinfo
CPU name: niosZ_genz_0
Operating system: Altera HAL Wersion: ﬂ

BSPtarget directory: Jdatajmmtan/MAXLI0MIOSI_Image0/software fled_blinking_bsp

TTETTIFT ETATE - -TAMELTE haldinker
¢ make m
bsp_cflags_debug allow_code_al_reset
bsp_cflags_optimization enatle_alt_load
¥ 'é;d\(:;cm enable_alt_load_copy_rodata
may _file_descriptors enable_alt_load_copy_rwdata
enable_instruction_related_exceptions_a )
lng_port || enable_alt_load_copy_exceptions
enahle_exit

enahle_clean_exit
enable_runtirme_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custarm_newlib_flags
log_flags

o= linker

o make

BSP Editor - settings.bsp (on pg-iccf0295)

File Edit Toaols Help

( Main rSoftwar'e Packages r Drivers r Linker Script rEnabIe File Generation r Target BSP Directory |

SOPC Information file: /. /OnChip.sopcinfo
CPU name: niosZ_genz_0

Cperating system: Altera HAL Wersion: ﬂ

BESPtarget directory:  fdata/mmtan/MARL0/Remotellpdate_restored/software/helloWorld_ledBlink_bsp

¥ AITCED | hallinker

9 hal — I
max_file_descriptars f [ allowi_code_at_reset
enable_instruction_related_exceptions_a 3
log_port — []enable_alt_load
enable_exit i
enable clean exit ; [ | enable_alt_load_copy_rodata
enable_rumime_stack_checking 3 [] enable_alt_load_copy_rewdata
enahle_c_plus_plus §
enable_lightweight_device_driver_api i [[Jenable_alt_load_copy_exceptions

enable_mul_div_emulation
enahle_sopc_sysid_check
custom_newlib_flags
log_flags
?
allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_ali_load_copy_rnivdata
enable_alt_load_copy_exceptions 1 |
o make x|
< Il [Tr]

6. Click on Linker Script tab in the Nios II BSP Editor.
7. Based on the boot option used, do one of the following:

« For boot option la and 1b, set the .text item in the Linker Section Name to the Altera On-chip

Flash in the Linker Region Name. Set the rest of the items in the Linker Section Name list to the

Altera On-chip Memory (OCRAM) or external RAM.

 For boot option 2, set all of the items in the Linker Section Name list to Altera On-chip Memory

(OCRAM) or external RAM.
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Figure 34: Linker Region Settings for Boot Option 1a and 1b

File Edit Tools Help

BSP Editor - settings.bsp (on pg-iccf0295)

HEX File Generation

35

Linker Section Mappings

( Main rSoftware Packages r’ Drivers r Linker Script rEnabIe File Ceneration r Target BSP Directary |

Linker Section Mame = Linker Region Mame Memaory Device Mame Add..
.hss onchip_memory2_o onchip_memory2_0 Remove...
LERTrY reset onchip_flash_0_data Restore Defaulis.
. exceptions onchip_memnory2_0 onchip_menory2_0
.heap onchip_menoryz_0 onchip_memory2_0
. rodata onchip_memory2_0 onchip_memory2_0
. radata onchip_menoryz_0 onchip_memory2_©Q
.stack onchip_memory2_0 onchip_memory2_0
STEXT onchip_flash_0_data onchip_flash_0_data

Linker Memory Regions

Linker Region Mame Address Range = Memory Device Mame size (hytes) Offzet (hytes) Add.
onchip_memory2_0 QxO0420020 - Qx0043DFFF  |onchip_memory2_o 122848 32 Remove...
onchip_memory2_0_BEFORE_EXCEPTION Ox00420000 - Ox0042001F  |onchip_memory2_0 32 4} Restore Defaulie..
onchip_flash_0_data OxOO200020 - Ox0035FFFF  |onchip_flash_0_data 1441760 32
reset 000200000 — 0xQ020001F  |onchip_flash_0_data a2 Lt]

Add Memory Device...

Remove Memory Device

Memory Usage...

Memory Map...

Figure 35: Linker Region Settings for Boot Option 2

File Edit Tools Help

BSP Editor - settings.

s5p (on pg-iccf0295)

Linker Section Mappings

( Main rSoftware Packages |/ Drivers r’ Linker Script rEnabIe File Ceneration rTarget BSP Directory |

Linker Saction Mame Linker Region Mame Memory Device Mame Add

hss onchip_menory2_0 onchip_memory2_0 Remoue...
SEntry reset DnCh'! p_flash_0_data Restore Defaults..
LexCeptions onchip_menoryz_0 onchip_memnoryz_0

.heap onchip_menory2_0 onchip_memory2_0

. rodata onchip_nemory2_0 anchip_menory2_0

. rwdata onchip_menoryz_0 onchip_memoryz_0

.stack onchip_nemory2_0 anchip_menory2_0

.text onchip_menory2 0 onchip_memory2_0

Linker Memory Regions

Linker Region Mame Address Range « Memory Device Mame Size (bytes) Offset (bytes) Add...
anchip_memory2_0 Q0420020 - 0x0D430FFF  [anchip_memory2_0 122848 32 Remove...
onchip_memory2_0_BEFORE_EXCERFTION Cx00420000 - 0x0042001F  |onchip_memory2_0 32 (o] Restore Defaults
anchip_flash_0_data Q0200020 - 0x0O35FFFF  |onchip_flash_0_data 1441760 32
reset Q00200000 - 0x0020001F  jonchip_flash O data 32 o]

Add Memary Dewvice

Remowe Memory Device...

Memory sage..

Memory Map...

HEX File Generation

1. In the Nios II SBT tool, right click on your project in the Project Explorer window.
2. Click Make Targets -> Build..., the Make Targets dialog box appears. You can also press shift + F9 to
trigger the Make Target dialog box.

3. Select mem_init_generate.
4. Click Build to generate the HEX file.
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Figure 36: Selecting mem_init_generate in Make Targets

| & Make Targets x|

Make Targets for: testing

-
| Target Location [ | Add...

@ mem_init_install

@ mem_init generate

® help

Remove

Edit...

Cancel l [ Build

5. The “mem_init_generate” macro will create two HEX files; on_chip_ram.hex and on_chip_flash.hex.
The on_chip_ram.hex will be used for boot option 3 and on_chip_flash.hex is used for boot option 1 and
2.

Note: « The mem_init_generate target also generates a Quartus II IP file (meminit.qip). Quartus II
software will refer to the meminit.qip for the location of the initialization files.
o All these files can be found under "<project_folder>/software/<application_name>/
mem_init" folder.

6. Recompile your project in Quartus II software if you check Initialize memory content option in
Altera On-Chip Flash IP. This is to include the software data (.HEX) into the SOF file.

Related Information

o Qsys Settings on page 25

« Quartus II Software Settings on page 30
Programmer Object File (.pof) Generation

1. In QuartusII, click on Convert Programming Files from the File tab.
2. Choose Programmer Object File as Programming file type:.
3. Set Mode to Internal Configuration.
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Figure 37: Convert Programming File Settings

File Tools Window

Specify the input files to convert and the type of programming file to generate. =

You can also import input file information from other files and save the conversion setup information created here for
future use

Conversion setup files

Qpen Conversion Setup Data... Save Conversion Setup. ‘

Qutput programming file

Programming file type: ‘Prugrammer ©Object File (.pof)

Options/Boot info Configuration device: [EPcELE -l |Muds'

File name: ‘cutput_fi\e pof

Advanced Remate/Local update difference file NONE

¥ Create Memory Map File (Generate output_file map)

" Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)
" Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address
SOF Data Page_0 <auto>

Add Hex Data

Properties ‘ j

4. Click on Options/Boot info..., the MAX 10 Device Options dialog box appears.
5. Based on the Initialize flash content settings, do one of the following:

+ IfInitialize flash content was checked, make sure Page_0 or Page_1 is selected for UFM source:
option. Click OK.

Note: UFM data ((HEX file) can be included in either Page 0 or Page_1 only. The Altera On-chip
flash does not support two .HEX files for Dual Compressed images configuration mode.
o If Initialize flash content was not checked, choose Load memory file for UFM source: option.

Browse to the generated Altera On-chip Flash HEX file (on_chip_flash.hex) in the File path: and
click OK.
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Figure 38: Setting Page_0 or Page_1 for UFM Source If Initialize flash content is Checked

Altera Corporation

Max 10 Device Options

Power On Reset scheme: |Instant ON j
W Set |/O to weak pull-up prior usermode

W Auto-reconfigure from secondary image when initial image fails

[~ Use secondary image ISP data as default setting when awvailable

Security

™ Verify protect

[~ Allow encrypted POF only
Dual Config

[~ Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Page_0 |
_
File path:  page 1

Load memory file

escription:

UFM source that is copied to Programmer Object File (POF), either
from initial image, secondary image or new memory file

Ok Cancel

Nios Il Processor Booting Methods In MAX 10 FPGA Devices

D Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Nios%20II%20Processor%20Booting%20Methods%20In%20MAX%2010%20FPGA%20Devices%20(AN-730%202015.06.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

AN-730 . . . 39
2015.06.15 Programmer Object File (.pof) Generation

Figure 39: Setting Load Memory File for UFM Source if Initialize flash content is not Checked

.-v MAX L0 Device Options =@ pg-slsciid >

Power On Reset scheme: Instant OM j
¥ Enable user |/Os weak pull-up during configuration
W Auto-reconfigure from secondary image when initial image fails

[ Use secondary image ISP data as default setting when available

Security

[ Verify protect
[ Allow encrypted POF only
Dual Config

[ Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Load memory file

File path: |1'3 himem_init/backup/MAX10 FLASH 163 hex

oK Cancel

L L g

6. In the Convert Programming File dialog box, at the Input files to convert section, click Add File...
and point to the first generated Quartus II .sof file to add the .sof file at page_0.

7. Click on Add Sof Page to create additional page for .sof file. This creates SOF data Page 1 automati-
cally. Click Add File... and point to the second generated Quartus II .sof file to add the .sof file at

page_l.
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Figure 40: Input Files to Convert in Convert Programming Files for Dual Images Mode

KA Convert Programming File - fdatalklyapltechcomm/MAx 10 Nios boot AWMAXL0 EVAL VDEMO V6 141 flash/MAX10 EVAL VDEMD XIPDUAL BOOT/top - top =@ py-slsciid>

File Tools Window @
Conversion setup files ﬂ
Open Conversion Setup Data Save Conversion Setup |
Qutput programming file
Programming file type ‘ngrammer Object File (.pof) j
Options/Boot info Configuration device |EF’CE16 J Mode Internal Configuration j
File name ‘softwarefheIIo_from_flash,’mem_init'output_fi\e.pof J
Advanced... Remote/Local update difference file: NONE J
¥ Create Memory Map File (Generate output_file map)
™ Create CvP files (Generate output file periph pof and output_file core rbf)
" Create config data RPD (Generate output_file_auto.rpd)
Input files to convert
File/Data area Properties Start Address Add Hex Data
- SOF Data Page_0 <auto> P —
top_dual_1stsof 10MO8SAE144ES HE et ade
= SOF Data Page_1 <auto= Add File.
top_dual_2nd sof 10MOBSAE144ES =
Remove
Up
Down
Properties
Close | Help | A
8. Click Generate to create the .pof file.
9. Program the .pof file into your MAX 10 device.
Boot System Guidelines for Option 3
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Figure 41: Configuration and Booting Flow for Option 3

Design

« Create your Nios Il Processor based project using Qsys system.
« Ensure that there is onchip RAM in the system design.

v
MAX 10 FPGA Configuration and Compilation

« Set the same internal configuration mode in Altera On-chip Flash IP in Qsys and Quartus Il software.

« Set Nios Il processor reset and exception vector based on your boot option.

- Leave Initialize memory content option unchecked in Altera On-chip Flash IP. Check Initialize memory content
option in Altera On-chip Memory IP to include software data (.HEX) into the SOF file.

- Compile your project in Quartus Il software.

- Generate your design in Qsys.

y
BSP Editor Settings

« Create Nios Il processor HAL BSP.
« Edit Nios Il processor BSP settings and Linker Script in BSP Editor.
« Generate BSP project.

A 4
Application & Project Recompilation

+ Develop Nios Il processor application code.
- Compile Nios Il processor application and generate HEX file using makefile mem_init_generate target.
« Recompile your project in Quartus Il software to include software data (.HEX) into the SOF file.

v
Programming Files Conversion

« Generate .pof file using Convert Programming Files feature in Quartus Il software

Download

« Program the .pof file into your MAX 10 device.

y
Reset & Boot

Single Uncompressed/Compressed Image with Memory Initialization Bootable System Guideline

Qsys Settings

1. In Nios II Gen2 Processor parameter editor, set both the Reset vector memory: and Exception vector
memory: to Altera On-Chip Memory (OCRAM).
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Figure 42: Nios Il Gen2 Parameter Editor Settings for Boot Option 3
Messages -@ Farameters % Address Map &2 | Syster Contents  £2 | Interconnect Requirements &% oo
System: OnChip  Path: nios2_genz_0
Nios Il Processor
altera_nios2_gen2 dsiais
Main | Vectors r Caches and Memory Interfaces r/ArI[thIElIE Instructions r MMU and MPU Settings rJTAC Debug r/Ad\faﬂ[Ed Features [
~ Reset Vector
Reset wector memory. ‘unchip,memoryz,o.sl ‘,|
Reset vectar offset: [ox00000000
Reset wvector: 0x00420000
[~ Exception Vector
Exception wector memary. ‘nn[hlp_memur\(z_o 51 ‘v|
Exception wector offset ‘0x00000020
Exception wector: 0x00420020 =|
[~ Fast TLB Miss Exception Vector
Fast TLB Miss Exception vectar memory. ‘ ‘ |
Fast TLB Miss Exception vector offset.
Fast TLE Miss Exception vectar. 000000000

2. In Altera On-chip Flash IP parameter editor, set the Configuration Mode: to Single Uncompressed
Image with Memory Initialization or Single Compressed Image with Memory Initialization. Leave
the Initialize flash content unchecked. This is because the Altera On-chip flash initialization data will

not be enabled.

Figure 43: Configuration Mode with Memory Initialization Selection and Initialize Flash Content

Setting

Messages &% @Parameters £ Address Map £ System Comtents  £2 | Interconnect Reguirements %

-g =
System: OnChip  Path: onchip_flash_0
Altera On-Chip Flash
altera_onchip_flash Details
Data interface: Parallel | » -
Read burst mode Incrementing i —
Read burst count 3 i
~ Configuration Mode
Configuration Scheme: =]
Configuration Mode: Single Uncompressed Image with Memary Initialization |«
Dual Compressed Images
kst A ahY gle Uncompressed Image H
Sector ID Access Mogingle Compressed Image L}
1 Read only [Single Uncompressed Image with Memary Initialization
2 Read and write
Read and write L Ty = T e a0
4 Read and write 0x70000 - Oxb7fiT CFM
& Read and write OxbBO0D - 0x 15T CFM
L]
[~ Clock Source
Clock frequency: MHz
The on-chip flash megafunction will be run with 50000000 Hz clock frequency.
= _Flash Initialization
[] Initialize flash content
[] Enable non-default initialization file
User created hex or mif file: |
User created dat file for simulation D
The on-chip flash is not initialized during device programming. [

3. In the Altera On-chip Memory (RAM or ROM) IP parameter editor, check Initialize flash content. If
default path is used, add meminit.qip generated during “make mem_init_generate” into Quartus II
project. Refer to Figure 45. Make sure the generated HEX naming matches the default naming. If non-
default path is selected, check Enable non-default initialization file and specify the path of the HEX

file (onchip_memory2_0.hex).

Note: The meminit.qip stores the location information of the initialization files.
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Figure 44: Enable Initialize Memory Content with Default Initialization File in On-Chip Memory
Parameter Editor Settings

Messages &2 IE Farameters ?@I Address Map 23‘ System Contents 22| Interconnect Requirements 52 ]
System: OnChip  Path: onchip_mermor2_0

On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memory2 Details

Fead During Write Mode -
Block type: =

[~ size
Data wicith |32 |v‘
Total memory size [122880 | vtes

[ Minimize memary block usage (may impact frax)

'~ Read latency
Slave 51 Latency, =

Slawe 52 Latency.

[* ROM/RAM Memory Protection

Reset Reguest. Enabled |

|~ ECC Parameter
Extend the data width to suppart ECC bits! pjsapler | w

[* Memary initialization

I Initialize memory content I

[C1Enable non-default initialization file

Twpe the filename (e.g. my_ram. hex] or select the hex file using the file browser button
User created initialization file:

[ ] Enable In-System Memory Content Editor feature

Instance 10

| Memory will be initialized from OnChip_onchip_memory2_0.hex |
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Figure 45: Adding meminit.qip File into Quartus Il

Settings - RemoteUpdate

Category:

General
Libraries
- IP Settings
IP Catalog Search Locations
Design Templates
-t Operating Settings and Conditic
Voltage
Temperature
I=- Compilation Process Settings
Incremental Compilation
-- EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
-t Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Sett
SSN Analyzer

g |

Altera Corporation

Select the design files you want to include in the project. Click Add All to add all design files in the
project directory to the project.

N

File name: |software/helloWorld_ledBlink/mem_init/meminit.qip Add |
File Name Type | Library |De5'|gn Entr Add Al
+- MMTan/synthesis/OnChip.qip IP Variation File (.qip) =None= =
RemoteUpdate.v Verilog HDL File =None= Remove
stpl.stp SignalTap Il Logic Analyzer File =MNone>
Up
Down
Properties
/| | i
OK | Cancel | Apply | Help
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Figure 46: Enable Initialize Memory Content with Non-default Initialization File in On-Chip Memory
Parameter Editor Settings

Messages &% | Gl Parameters &8 | Address Map 3| System Contents 2| Interconnect Requirements 5% _dm=
System: OnChip  Path: onchip_memory2 _0

on-Chip Memory (RAM of ROM)

altera_avalon_onchip_memory2 Jelzls
Read During Write Mode; el
Block type AT

[* size
Data widith: ‘32 "|
Total memary size: [1zz&E80 | bytes

[ Minimize memory block usage (may impact fmax)

[~ Read latency

Slave 51 Latency =
L]

Slave 52 Latency:

[* ROM/RAM Memory Protection |

Rezet Reguest: Enahled |w

[* ECC Parameter |
Extend the data width to support ECC bits ‘DISEIIJIEE! |v‘ 1

~ Memory initialization |

Initialize memory content
Enable non-default initialization file

Type the filenarme (e g my_ram hex) or select the hex file using the file browser button

User created initialization file [fdatajmmtan/MAX 10 /RemoteUpdate_restared software fhelloworld_ledBlink/mem_init/OnChip_onchip_memory2_0. hex \D
["] Enahle In-System Memaory Content Editor feature

Instance 1D

User is required Lo provide memory initialization files for memory.
Memory will be initialized from ; data/mmtan/MAX10/RemoteUpdate_restored; software; helloWorld_ledElink/ mem_initf OnChip_onchip_memory2_0.hex

-

4. Ensure that Altera On-chip Flash CSR port is connected to the Nios IT Gen2 processor data master to
enable write and erase operations.

Figure 47: CSR Connection to Nios Il Gen2 dat a_nmast er

E onchip_flash_0 Altera On-Chip Flash
clk Clock Input
> nreset Feset Input
data Awalon Memory Mapped Slave
csr Ayalon Memory Mapped Slave
= Q nios2?2_gen2_D Mios Il Processor
clk Clock Input
reset Feset Input
data_master Ayalon Memory Mapped Master
— instruction_rmaster Awalon Memory Mapped Master
ﬁ irg Interrupt Eeceiver
(—< debug_reset_request Feset Qutput
debug_mem_slawve Ayalon Memory Mapped Slave
‘ | custom_instruction_master |Custom Instruction Master

5. Click Generate HDL, the Generation dialog box appears.
6. Specify output file generation options, and then click Generate.

Quartus Il Software Settings

1. In Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configuration.
Set Configuration mode: to Single Uncompressed Image with Memory Initialization or Single
Compressed Image with Memory Initialization.'>)

(13) The size of UFM sector will vary according to your device selection.
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Figure 48: Configuration Modes with Memory Initialization Selection in Quartus Il

Device and Pin Options - RemoteUpdate

Category:

General
Programming Files

Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
I/O Timing
Voltage
Pin Placement

Error Detection CRC
CvF 5ettings
Partial Reconfiguration

Configuration

Specify the device configuration scheme and the configuration device.

Configuration scheme: |Interna| Configuration j

Configuration mode: |Sing|e Uncompressed Image with Memory Initialization (512Kbi -

Dual Compressed Images (512Kbits UFM)
Single Compressed Image (5888Kbits UFM)
" Use configuration d Single Uncompressed Image (3584Kbits UFM)

Single Uncompressed Image with... Initialization (512Khbits UFM)

Configuration device

Configuration device IO woltage: | j

[~ Force VCCIO to be compatible with configuration I/O voltage

W Generate compressed bitstreams

Active serial clock source: j

[" Enable input tri-state on active configuration pins in user mode

Description:

Specifies the configuration mode used with the configuration scheme for configuring
the device.

Reset

oK ‘ Cancel | Help ‘

Note: «

If the configuration mode setting in Quartus II software and Qsys parameter editor is different,
the Quartus II project compilation will fail with the following error message.

0 14740 Configuration IMode parameter on atom "ufm block" i= inconsistent with Quartus II project setting.
0 14740 MAY address parameter on atom "ufm block" iz inconsistent with Quartus II project setting.

+ Q Quartus II 64-Bit Fitter was unsuccessful. 2 errors, 0 warnings
Q 293001 Quartus II Full Compilation was unsuccessful. 4 errors, 10 warnings

If internal configuration mode without memory initialization is selected with Initialize flash
content checked in Altera On-chip Memory IP, the Quartus II project compilation will fail with
the following error message:

16031 Current Internal Configuration mode does not support memory initialization or ROM. Select Internmal Configuration mode with ERAM.
16031 Current Internal Configuration mode does not support memory initialization or ROM. Select Internmal Configuration mode with ERAM.
16031 Current Internal Configuration mode does not support memory initialization or ROM. Select Internal Configuration mode with ERAHM.
€ 16031 Current Internal Configuration mode does not support memory initialization or ROM. Select Internal Configuration mode with ERAM.
] \I) 21057 Implemented 7144 device resources after synthesis - the final resource count might be different
= % ) Quartus II 64-Bit Analysis & Synthesis was unsuccessful. 32 errors, 17 warnings

@ 293001 Quartus TT Full Compilation was unsuccessful. 34 errors, 17 warnings

oS00

2. Click OK to exit the Device and Pin Options window.
3. Click OK to exit the Device window.
4. Click Start Compilation to compile your project and generate the .sof file.

Altera Corporation
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BSP Editor Settings

BSP Editor Settings 47

For boot option 3, you must leave both the BSP Editor settings to default; Advanced.hal.linker unchecked
and all Linker Section Regions set to Altera On-Chip Memory (OCRAM) because no boot copier is

needed for this boot option.

Figure 49: Advanced.hal.linker Default Settings

File Edit Tools Help

BSP Editor - settings.bsp (on pg-iccf0295)

f Main | Software Packages | Drivers |  Linker Script | Enable File Generation |” Target BSP Directary |

SOPC Information file: /. fOnChip.sopcinfo
CPU name: niosZ_genz_0
Cperating system: Altera HAL

Wersion: |default u

BESPtarget directory:  fdata/mmtan/MAXLIO0/RemoteUpdate_restored,/software fhelloword_ledBlink_bsp

9 hal
max_file_descriptors
enable_instruction_related_exception:
log_part
enable_exit
enahble_clean_exit
enakle_runtime_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custaom_newlib_flags
log_flags
¢
allow _code_at_reset
enable_alt_load
enahle_alt_load_copy_rodata
enahle_alt_load_copy_rwdata
enable_alt_load _copy_exceptions
@ make

5_a

[ ]

[T»]

| hal.linker

[ ] allow_code_at_reset

[ ] enahle_alt_load

[ ] enahle_alt_load_copy_rodata
[] enable_al_load_copy_rwoata

[] enable_alt_load_copy_exceptions

Nios Il Processor Booting Methods In MAX 10 FPGA Devices

D Send Feedback

Altera Corporation


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Nios%20II%20Processor%20Booting%20Methods%20In%20MAX%2010%20FPGA%20Devices%20(AN-730%202015.06.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

48

HEX File Generation

File Edit Tools Help

Figure 50: Linker Region Default Settings

BSP Editor - settings.bsp (on pg-iccf0295)
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[ Main | Software Packages | Drivers | Linker Script | Enable File Ceneration | Target BSP Directory |

Linker Section Mappings

Linker Section Mame & Linker Region Mame Memory Device Mame Add...

.hss onchip_memoryz_0 onchip_memory2_o Remove. ..

L BNy i rese‘_c 0nch1_p_ﬂ ash_0_data Frestore Defaults..
.exCeptions onchip_memory?_0 onchip_memnory2_0

.heap onchip_memory2_0 onchip_memory2_0

. rodata onchip_memory2_0 onchip_menory2_0

. rwdata onchip_memoryz2 0 onchip_menory2_0

.stack onchip_memoryZ_0 onchip_memory2_0

LText onchip_memoryz_o onchip_menory2 0

Linker Memory Regions

Linker Region Mame Address Range = Memory Device Mame Size (bytes) Offset (bytes) Add..
OnChip_menory:2_0 0x00420020 - 0x00430FFF  |onchip_memory2_0 122848 32 Remoawe. ..
onchip_memory?_0_BEFORE_EXCERPTION Ox00420000 - 0x0042001F  |jonchip_memory2_0 32 0 Festore Detaults
onchip_flash_0_data OxOO200020 - 0x0035FFFF  |onchip_flash_0_data 1441760 32
reset 000200000 - 0x0020001F  |jonchip_tlash_O_data 32 0

Add Memory Device...
Remove Memory Device...
Memory Usage...
Memaory Map...
HEX File Generation

1. In the Nios II SBT tool, right click on your project in the Project Explorer window.
2. Click Make Targets -> Build..., the Make Targets dialog box appears. You can also press shift + F9 to
trigger the Make Target dialog box.

3. Select mem_init_generate.
4. Click Build to generate the HEX file.

Altera Corporation
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Figure 51: Selecting mem_init_generate in Make Targets

Make Targets

Make Targets for: testing

Target Location l Add... l

(@ mem_init_install

Remove
@ mem_init generate -

® help

Cancel l [ Build

5. The “mem_init_generate” macro will create two HEX files; on_chip_ram.hex and on_chip_flash.hex.
The on_chip_ram.hex will be used for boot option 3 and on_chip_flash.hex is used for boot option 1 and
2.

Note: « The mem_init_generate target also generates a Quartus II IP file (meminit.qip). Quartus II
software will refer to the meminit.qip for the location of the initialization files.

o All these files can be found under "<project_folder>/software/<application_name>/
mem_init" folder.
6. Recompile your project in Quartus II software to include the software data ((HEX) into the SOF file.
Programmer Object File (.pof) Generation

1. In Quartus II, click on Convert Programming Files from the File tab.
2. Choose Programmer Object File as Programming file type:.
3. Set Mode to Internal Configuration.
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Figure 52: Convert Programming File Settings

File Tools Window
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Specify the input files to convert and the type of programming file to generate.

future use

Conversion setup files

Qpen Conversion Setup Data...

You can also import input file information from other files and save the conversion setup information created here for

Save Conversion Setup. ‘

Qutput programming file

Programming file type: ‘Prugrammer ©Object File (.pof)
Options/Boot info Configuration device: [EPcELE -l |Muds'
File name: ‘cutput_fi\e pof

¥ Create Memory Map File (Generate output_file map)

" Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

Advanced Remate/Local update difference file NONE

[T Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)

File/Data area Properties Start Address
SOF Data Page_0 <auto>

Add Hex Data

Add Sof Page

Add File...
Remove
Up Lo
Down

Properties

=

4. Click on Options/Boot info..., the MAX 10 Device Options dialog box appears.
5. Make sure Page_0 is set as the UFM source: option. Click OK.
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Figure 53: Setting Page_0 for UFM Source

Max 10 Device Options

Power On Reset scheme: |[BEERE 6] 5,

W Set I/O to weak pull-up prior usermode
W Auto-reconfigure from secondary image when initial image fails

[~ Use secondary image ISP data as default setting when awvailable

Security
[~ Verify protect

[ Allow encrypted POF only

Dual Config

[" Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Page_0

[ e

File path: |

Description:

Specifies device Power On Reset (POR) scheme.

ok Cancel

6. In the Convert Programming File dialog box, at the Input files to convert section, click Add File...
and point to the generated Quartus II .sof file to add the .sof file at page_0.
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Figure 54: Input Files to Convert in Convert Programming Files

(i} Convert Programming File - /data/mmtan/MAX10/RemoteUpdate_restored/RemoteUpdate - RemoteUpdate
File Tools Window

Specify the input files to convert and the type of programming file to generate
You can also import input file information from other files and save the conversion setup information created here for
future use

Conversion setup files

Open Conversion Setup Data Save Conversion Setup ‘

Output programming file
Programming file type: ‘Prugrammsr Object File ( pof) j
Options/Boot info... Configuration device: ‘EF‘CElf.\ J Mode Internal Configuration j
File name ‘nutput_fi\e pof J
Advanced Remote/Local update difference file [noNE =l

¥ Create Memory Map File (Generate output_file.map)
" Create CvP files (Generate output_file periph. pof and output_file core rbf)

[ Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
= SOF Data Page 0 <auto> R ——

Image0.sof 10MS0DAF4B4ES 20f Fage
Add File
Remove

Up

Down

Properties

Generate Close Help

7. Click Generate to create the .pof file.
8. Program the .pof file into your MAX 10 FPGA device.

Summary of Nios Il Processor Vector Configurations and BSP Settings

The following table shows a summary of Nios II processor reset and exception vector configurations, and
BSP settings.
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Booting Elements

Table 8: Summary of Nios Il Processor Vector Configurations and BSP Settings

Boot Option

Reset
Vector

Configura-
tion

Exception
Vector
Configuration

BSP Editor Setting:
Settings.Advanced.hal.linker

53

BSP Editor Setting:
Linker Script

Altera On-

Option 1: _ 1. OCRAM/ | If the exception vector memory |e Set.text Linker
Nios II processor chip Flash External |is set to OCRAM/ External Section to Altera
. RAM, OR |RAM, enable the following On-chip Flash
?pplllcatl?n ex;cll:te— 2. Altera On- | settings in o Set other Linker
1(r)1n1? cfi; ;?ar;lh era chip Flash Settings.Advanced.hal.linker: Sections
(UFM) o allow_code_at_reset (-heap, .rwdata, .
« enable alt load rodata, .bss, .sta
- - ck) to OCRAM/
« enable_alt_load_copy_rodata External RAM
« enable_alt_load_copy_rwdata
« enable_alt_load_copy_
exceptions
If the exception vector memory
is set to Altera On-chip Flash,
enable the following settings in
Settings.Advanced.hal.linker:
o allow _code_at_reset
o enable_alt_load
o enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata
Option 2: Altera On- | OCRAM/ Make sure all settings in Make sure all Linker
chip Flash | External Settings.Advanced.hal.linker Sections are set to
Nios II processor RAM are left unchecked OCRAM/ External
application copied RAM
from UFM to RAM
using boot copier
OCRAM |OCRAM Make sure all settings in Make sure all Linker

Option 3:

Nios II processor
application execute-
in-place from Altera
On-chip Memory
(OCRAM)

Settings.Advanced.hal.linker
are left unchecked

Sections are set to
OCRAM

Booting Elements

All Nios II processor boot options introduced in this application note uses the following booting elements
to create the necessary boot files:
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o The memcpy-based boot copier
o The alt_load function
o The Nios IT SBT "make mem_init _generate" target
o The Convert Programming Files feature

Nios Il Processor Memcpy-based Boot Copier
The Nios II processor memcpy-based boot copier has the following features:

« Supports EPCQ, CFI and Altera On-chip Flash (UFM) flash memories

» Locates software application in the memory

« Unpacks and copies software application image to RAM

« Automatically switches to application code in RAM after copy completes

The memcpy-based boot copier is used to support boot option 2 ( Nios II soft processor application
copied from UFM to RAM using boot copier). The memcpy-based boot copier is automatically appended
into the HEX file during memory initialization file generation ("mem_init_generate" target). When you
download your .pof file into the FPGA, the boot copier will be placed at the beginning of the UFM sector
and the software application will be placed at the end of the boot copier.

The function of the memcpy-based boot copier is to copy the software application image to the RAM
which is the entry point indicated by the software application (ELF file). Depending on the system design,
RAM can be either OCRAM or external RAM . Once the copying is done, the boot copier will pass the
system control to the application in RAM.

Figure 55: Memory Map of An Example System Using Default Boot Copier

Memory Map

RAM &
FPGA RAM

Application

RAM base >

UFM Flash

Application

Boot Copier

UFM base >
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The alt_load() function

The alt_load() function is a mini-bootcopier included in the HAL code and provides the following
capabilities:

« Optionally copies sections from the boot memory to RAM based on BSP settings.
« Able to copy data sections (.rodata, .rwdata, .exceptions) to RAM but not the code sections (.text).

The alt_load() function can be enabled in the BSP Settings as shown in the following table:

Table 9: BSP Settings and the alt_load() Functions

hal.linker.enable_alt_load enable alt_load() function
hal.linker.enable_alt_load_copy_rodata alt_load() copies .rodata section to RAM
hal.linker.enable_alt_load_copy_rwdata alt_load() copies .rwdata section to RAM
hal.linker.enable_alt_load_copy_exceptions alt_load() copies .exceptions section to RAM

Nios Il SBT Makefile “mem_init_generate” Target

The Nios IT SBT application Makefile “mem_init_generate” target is responsible for generating memory
initialization files using various file conversion tools. This includes a HEX file for the UFM data, a HEX
file for initialization of the on chip RAM in the SOF and a DAT file for initializing the on chip flash model
for simulation.

When required, the Nios II SBT tool automatically adds the Nios II processor memcpy-based boot copier
to the system when the executable file (.elf) is converted to memory initialization file (.hex). This
operation take place whenever the .text section is located in a different memory that the reset vector points
to, which indicates a code copy is required. The file conversion happens during execution of “make
mem_init_generate” target.

The "make mem_init_generate" target generates different HEX file content based on the specified boot
options:

« For boot option 1 & 3, the generated HEX file contains ELF loadable section.
« For boot option 2, the generated HEX file contains the boot copier and the ELF payload.

The mem_init_generate target also generates a Quartus II IP file (meminit.qip). Quartus II software will refer
to the meminit.qip for the location of the initialization files.
The Convert Programing Files Option

You can use the Convert Programming Files option in Quartus II software to convert programming files
from one file format to another. This tool is used for combining a .sef and a HEX file into a single .pof file
for programming into the Altera On-chip Flash.

MAX 10 FPGA Nios Il Design Boot Time Estimation and Guidance

Altera has performed MAX 10 FPGA boot time performance analysis based on a few scenarios. You may
refer to the information in following tables as guidance when designing your customized design.
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Table 10: Boot Time Analysis Scenario: Execute-in-place

AN-730
2015.06.15

Design without External On Chip Flash®? 41,000
Memory"! On Chip Memory® 18,000
On Chip Flash 2,000,000
Design with External Memory
On Chip Memory 2,000,000

Altera Corporation

Note: The huge clock cycle difference between Design with External Memory and Design without
External Memory is caused by the external memory calibration.

Table 11: Boot Time Analysis Scenario: Using Boot Copier

Design without External | On Chip Flash On Chip Memory | 2,800,000
Memory

Design with External On Chip Flash External Memory | 4,700,000
Memory On Chip Flash On Chip Memory | 2,800,000

Note: The clock cycle difference between Design with External Memory and Design without External
Memory is insignificant, this is because the time needed for boot copier outweigh the time needed
for external memory calibration.

Table 12: Boot Time Analysis Scenario: Effects of CPU Caches

On Chip Flash 0-1% reduction
Execute-in-place

On Chip Memory 0-1% reduction
Boot Copier On Chip Flash 29-42% reduction

Table 13: Boot Time Analysis Scenario: Design with Different System Clock Speed

On Chip Flash | Directly proportional to system frequency

The following diagram shows the large design used for boot time performance analysis. For small design,
components in green in the diagram are not included.

(14 Also known as External RAM
(15 Also known as UFM
(16 Also known as OCRAM
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Figure 56: Boot Time Performance Analysis Design Block Diagram

Note: 1. The Boot Time Performance Analysis is done using MAX10 10M50 Development Kit
(10M50DAF484C6GES).

2. For External Memory calibration to boot time counter analysis, the hardware design without
cache is used:

+ The large design with exception vector set to External Memory
o The small design with exception vector set to External Memory
 The large design with exception vector set to On Chip Memory
o The small design without External Memory

3. For CPU caches analysis, the hardware design uses large design with 32kB data cache and 32kB
instruction cache and also another large design without the CPU caches.

4. Design with different system clock speed analysis sets the Nios II frequency to 75 MHz and 150
MHez for Slow and Fast design respectively. This analysis was executed using small design.

5. The software application uses “hello world small software example” that had been modified to
have an elf size of around 32kB for all the test cases above.

MAX 10 FPGA (10M50DAF484C6GES)
| QSPIFlash | [ QSPI

CPU >
Data Master N
Nios II/f »  Controller Flash
75 MHz Instruction >l DDR3 UniPHY, .
Master T 300MHz | | DDR3
32KB Data | |32KB Instruction 13 On-Chip Memory
(Cache Cache
13 On-Chip Flash
Boot Time |« o ;
Performance ;
T Sysid L o JTAG UART
r— - - — — — — - 01 - — — — — — — A
: C UART ¢ Timer10ps
|
| UART L o/  Timer 100 ms
Avalon SPI Master | LED

A 4

l

Avalon SPI Slave 0|4 ,|  Parallel /0

Avalon SPI Slave 1 Comppnents not i.ncluded
in small design
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This table lists the revision history for this application note.

Nios Il Processor Booting Methods In MAX 10 FPGA Devices Altera Corporation

C] Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Nios%20II%20Processor%20Booting%20Methods%20In%20MAX%2010%20FPGA%20Devices%20(AN-730%202015.06.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

58 » . AN-730
Document Revision History 2015.06.15

Table 14: Document Revision History

T T

June 2015 2015.06.15 |, Added MAX 10 FPGA Nios II Design Boot Time Estimation and
Guidance section containing boot time performance analysis.

o Added The alt_load() function table.

+ Added ROM Size Requirement to RAM and ROM Size Require-
ment For Each Boot Option table.

+ Added block diagrams for all boot options in Nios II Processor
Booting Options Using On-chip Flash.

o Added OCRAM size in UFM and CFM Array Size table.

o Added Boot Option: 3 Nios II processor application execute in-
place from Altera On-chip Memory.

« Updated 'Configuration and Booting Flow' to include Boot
Option: 3.

« Updated Steps to Build a Bootable System to Guidelines to Build
a Bootable System.

» Updated Single Uncompressed/Compressed Image Bootable
System Guideline to support Single Compressed Image Mode.
+ Added the third guideline; 'Single Uncompressed/Compressed
Image with Memory Initialization Bootable System Guideline'.
« Editorial changes.

January 2015 2015.01.23 | Initial release.
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