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Overview

This document describes the various boot or software execution options available with the Nios II
processor and MAX 10 FPGAs.

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

MAX 10 FPGA devices contain on-chip flash that is segmented into two part:

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

Abbreviations

Table 1: List of Abbreviations

App Application

CFM Configuration Flash Memory

DDR3 Double Data Rate type-3 synchronous dynamic random-access memory
EMIF External Memory Interface

ERAM Embedded Random Access Memory
HEX/.hex Hexadecimal File®

memcpy Memory copy

OCRAM On-Chip RAM

POF Programmer Object File

QSPI Quad Serial Parallel Interface

RAM Random Access Memory

() An ASCII text file with the extension of .hex that stores the initial memory values for a memory block.

© 2016 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, ENPIRION, MAX, MEGACORE, NIOS, QUARTUS and STRATIX words and logos are

trademarks of Altera Corporation and registered in the U.S. Patent and Trademark Office and in other countries. All other words and logos identified as

trademarks or service marks are the property of their respective holders as described at www.altera.com/common/legal.html. Altera warrants performance IS0

of its semiconductor products to current specifications in accordance with Altera's standard warranty, but reserves the right to make changes to any 900.1 12008
products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any information, ~ Registered
product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device

specifications before relying on any published information and before placing orders for products or services.

101 Innovation Drive, San Jose, CA 95134 now part of Intel


https://www.altera.com/servlets/subscriptions/alert?id=AN-730
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20(AN-730%202016.05.24)%20Nios%20II%20Processor%20Booting%20Methods%20in%20MAX%2010%20FPGA%20Devices&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html

AN-730

2 Prerequisite 2016.05.24
SBT Software Build Tools
SOF/.sof SRAM Object File
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 II Gen2 processor system.

o Getting Started with the Graphical User Interface.
This document provides the details of the Nios II Software Build Tools using graphical user interface.

MAX 10 FPGA On-chip Flash Overview

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

» 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.

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 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 configuration modes.
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Table 3: Storage Location of FPGA Configuration Images

MAX 10 FPGA On-chip Flash Overview 3

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 the 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: Connection Example for The Altera On-chip Flash IP and the Nios Il Processor
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Related Information

o« MAX 10 FPGA Configuration User Guide

@ Sector is NOT supported in 10M02 device.
) The CFM sector is configured as virtual UFM.
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custom_instruction_m...

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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MAX 10

MAX 10 User Flash Memory User Guide

FPGA On-chip Flash

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.

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.

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 UFMT | UFMO | CFM2 | CFM1 | CFMoO Memory Size | tion Memory (Kbit)
(Kbit)® Size (Kbit)
0 0 34

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
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 CEM sectors. The
initialization data includes the Nios II processor software or any type of application data.

@ The maximum possible value, which is dependent on the configuration mode you select.
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Nios Il Processor Boot Options and Guidelines 5

All MAX 10 FPGA devices except for the MAX 10 10M02 supports dual FPGA configuration images. The
ERAM preload is disabled when you select the dual configuration images mode.

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 and Guidelines

There are 5 Nios II processor boot options available.

Table 5: Nios Il Processor Boot Options

Boot Option Applica- Application Supported Configuration Mode
p pp pp pp g
tion Runtime
Code Location
Storage
Option 1: UFM [OH(:;l;/\IA(XI/P )+ efllt_load 0 Single Uncompressed Image
M unction .
Nios II processor application External RAM Single Compressed Image
executes in-place from Altera (for data) Dual Compressed Images
On-chip Flash (UFM)
Option 2: UFM SCRAI\;I%A M Elenzlcgy' Single Uncompressed Image
xterna ased boot .
Nios II processor application copier Single Qemppressss e
copied from UFM to RAM Dual Compressed Images
using boot copier
Option 3: OCRAM | OCRAM No _bO(?t Single uncompressed image
. - CcOpIer 18 with Memory Initialization
Nios II processor application required 1ol di
executes in-place from S1'ng € compressed 1mage
OCRAM with Memory Initialization
Option 4: f?Sl})l I 821;115(1/1)) + ;fllt_load() Single Uncompressed Image
as M unction :
Nios II processor application External RAM Single Gumppiessss lige
executes in-place from QSPI (for data) Dual Compressed Images
flash
Option 5: f(IQSIl)l I OCRAI\;[/ Lnenzlcgy' Single Uncompressed Image
as External RAM ased boot :
Nios II processor application copier Single Compressed Image
copied from QSPI flash to Dual Compressed Images
RAM using boot copier
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Boot Option 1 and Option 2

Boot 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 setup minimizes 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's 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 break-
point to debug because the UFM does not support random memory access. Random memory access is
required for soft break-point debug.

Figure 2: Boot Option 1 Block Diagram

.POF

FPGA Data
.SOF

SOF
(FM 172

Nios Il Software
= .HEX

User
Software

Alt_load

Table 6: RAM and ROM Size Requirement for Boot Option 1

You can manually determine the required RAM size for 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

Equivalent to the dynamic memory space usage during run Executable code must not exceed the
time which is the sum of the maximum heap and stack size. size of the UFM.

Boot 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 next to the boot copier.

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

Altera Corporation 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%202016.05.24)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

AN-730
2016.05.24

Boot Option 1 and Option 2 7
Figure 3: Boot Option 2 Block Diagram
.POF
SOF = FPGA Data
User .SOF

(FM 172

Software

Nios I Software
= 'HEX

User
Software

Boot
Copier

Table 7: RAM and ROM Size Requirement for Boot Option 2

+ You can manually determine the required RAM size for the Altera On-Chip Flash by referring to the initial
part of the .objdump file, created when you build your application.

o The OCRAM size is limited, you have to ensure that the size is sufficient for application execution.

RAM Size Requirement ROM Size Requirement

Equivalent to the executable code and dynamic Executable code and boot copier must not exceed
memory size required by user program. the size of the UFM.
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Figure 4: Configuration and Booting Flow for Option 1 and Option 2

Design
- Create your Nios I 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 Il « 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.
- Generate your design in Qsys.
« Compile your project in Quartus Il software.
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 Il software if you check Initialize memory content option in Altera On-Chip Flash IP.

v

Programming Files Conversion

- Generate the .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 the 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

Related Information
MAX 10 FPGA Configuration User Guide, section Remote System Upgrade in Dual Compressed
Images.

Single Uncompressed/Compressed Image Bootable System Guideline

Qsys Settings

1. In the Nios II Processor parameter editor, set the reset vector memory and exception vector memory
based on the boot options below:
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Qsys Settings 9

Boot Option Reset vector memory: Exception vector memory:

Option 1a®® 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

Figure 5: Nios Il Parameter Editor Settings Boot Option 1a and 2

Nios Il Processor
altera_nios2 _gen2

Details

[»

Main Yectars r Caches and Memory Interfaces rArithmetic Instructions r MMU and MPU Settings rJTAG Debug rAdvanced Features

™ Reset Vector
Reset wector mermon onchip_flash_0.data |V|
TES et wertar oiTser 0x 00000000
Reset wectar: Ox002 00000

- Exception Vector
Exception vector memany; onchip_memary2_0.s1 |v|
Exception wector offset: QxOO00002 0
Exception wectar: 0x00420020

[~ Fast TLB Miss Exception Vector
Fast TLE Miss Exception vector memory | | |
Fast TLE Miss Exception wector affset:
Fast TLRE Miss Exception wectar: Ox00000000

®) You can set the exception vector for Boot Option 1 to OCRAM or 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 or External RAM is recommended to make

the interrupt processing faster.
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Qsys Settings

Figure 6: Nios Il Parameter Editor Settings Boot Option 1b

Nios Il Processor
altera_nios2_gen2
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Details

Main [ Wectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

I~ Reset Vector

I Feset wactor memary

|v|

onchip_flash_O.data
Feset wvector offset 000000000
Reset yvectar: 000200000
Exception Vector
Exception wectar memaory onchip_flash_0.data |v|

RLEQTION WECOF OTISET. 000000020
Exception wector: Q00200020
[~ Fast TLB Miss Exception Vector
Fast TLE Miss Exception vector memorv.| | |
Fast TLE Miss Exception wector offset;
Fast TLE Miss Exception wectar: Ox00000000

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

Uncompressed Image or Single Compressed Image.

Altera Corporation
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Qsys Settings 11

Figure 7: 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 9.

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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Qsys Settings 13
Figure 8: 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 9: Adding meminit.qip File in Quartus I

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 10: 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 processor dat a_mast er to
enable write and erase operations.

Figure 11: CSR Connection to Nios Il dat a_mast er

——

—

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

E onchip_flash_D

clk
nreset
data
£sr

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 21

Quartus Il Software Settings

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

tion. 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 12: Configuration Mode Selection in Quartus Il Software

Device and Pin Options - RemoteUpdate

Category:

General Configuration
Configuration

Programming Files
Unused PFins
Dual-Purpose Pins
Capacitive Loading

Board Trace Model ;
/O Timing Configuration device Dwual Compressed Images (512Kbits UFM)

Single Compressed Image (5888Kbits UFM)

Specify the device configuration scheme and the configuration device.

Configuration scheme: |Interna| Configuration j

Configuration mode: |Sing|e Uncompressed Image (3584Kbits UFM) >

Voltage

Pin Plgcement Single Compressed Image with M... Initialization (512kKbits UFM)
Error Detection CRC VR T IE | Single Uncompressed Image (3584Kbits UFM)

CvP Settings Single Uncompressed Image with... Initialization (512Kbits UFM)

Partial Reconfiguration
g Configuration device I/O voltage: | j

" Force VCCIO to be compatible with configuration I/O voltage

W Generate compressed bitstreams

Active serial clock source: j

[T 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.

6 14740 Configuration Mode parameter on atom "ufm block" is inconsistent with Quartus II project setting.
Q 14740 MAYX address parameter on atom "ufm block" is inconsistent with Quartus II project setting.

+ Q Quartus IT 64 -Bit Fitter was unsuccessful. 2 errors, 0 warnings
Q 293001 Quartus II Full Compilation was unsuccess=ful. 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 21
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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.
Figure 13: BSP Editor Settings
Nios Il BSP Editor - /data/kiyapitechcomm/MAx 10 Nios boot AN/MAXL0_EVAL VDEMO_V6 141 _flash/MAX10_EVAL VDEMO_XIP_DUAL BOOT/software/helio_from_flash_bsp/settings. bep < @pg-slsciid= -
File Edit Toaols Help
l/ Mair rSth\mare Packages r Drivers r Linker Script r Enable File Generation T/Target BSP Directory
SOPC Information file: /. fMNIOSI_ML0.sopcinfo
CPU name: NIQSZ_CENZ
Cperating system: Altera HAL Wersion:
BSP target directory:  Jdata/tcluifwork/dallas MMAXL0_EVAL WDEMO_WE_141_flash/MAXLI0_EVAL VDEMO jsoftware fhello_from _flash_bsp
?Semngs .......................................................... .. L
? i i
Sys_clk_tirmer:
¢ Adwvanced b timestamp_timer:
gg
max_file_descriptors i stefin: _
enable_instruction_related_exceptions_api || =
log_port i stolout: _
enable_gxit E =
enable_clean_exit §§ stoerr: JTAS_UART =
enatile_runtirne_stack_checking g =
enable_c_plus_plus i i
enable_lightweight _device_driwver_api - SRRy
enable_mul_div_ermulation [] enable_gprof
SS;?;’_;DE%";?I:Q';MEK enable_reduced_device_drivers
I_Dg_flags Ef [] enakle_sim_oatimize
& linker b =
allow_code_at_reset hallinker
enable_alt_load !
enable_alt_load_copy_rodata H vl Al o S
enable_alt_load_copy_rwdata . exception_stack_size: [1024 |
enahle_ali_load_copy_exceptions i
o rnake i exception_stack_memory_region_narme: =
. [ enahle_interrupt_stack
interrupt_stack _size: |1024 |
interrupt_stack_memary_region_narme: =
hal.make
: bsp_cflags_debug: [-a |
bsp_cflags_optimization: |—Os |
5. Based on the boot option used, do one of the following:
Nios Il Processor Booting Methods in MAX 10 FPGA Devices Altera Corporation
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« For boot option 1a, if exception vector memory is set to OCRAM or 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:

allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata

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

Figure 14: 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 r 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

ITETT UL S TEUR _TrErTTUm_TEYTUTT Ty
¢ rmake
bsp_cflags_debug
bsp_cflags_optimization
¢ Achvanced
¢ hal
rmax_file_descriptors
enable_instruction_related_exceptions_ay
log_port
enable_exit

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

[ nartinker

allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_lnad_copy_rwdata

enable_ali_load_copy_exceptions

enable_clean_exit T I

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

0
s
File

Edit Tools

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

Help

BSP Editor Settings 19

[ Maifi | Software Packages | Drivers | Linker Script | Enable File Generation | Target BSF Directory |

SOPC Infarmation

& Advanced
¢ hal

log

CPU name:
Operating system
BSPtarget directory:

¢ make

max _file_descriptors
enable_instruction_related_exceptions_ag
_port
enzile_sxit
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
o= linker
& make

file: ./../iImage0_nios.sopcinfo
niosZ_genz_0

Alera HAL

Version

- - - - -

bsp_cflags_debug
bsp_cflags_optimization

hallinker

allow_code_at_resat
enable_alt_load

¥ enable_ah_load_copy.rodata
enable_alt_load_copy._rwdata

[] enable_alt_load_copy._exceptions

4]

Figure 16: Advanced.hal.linker Settings for Boot Option 2

File Edit

Tools

L4 B5P Editor - settings.bsp =@ pg-nxextdis=

Help

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

Operating

SOPC Information file:
CPU hame:

BSP target directory:

fMIOSI_ML0. sapcinfa
NIGS52_GENZ

system: Altera HAL

wersion: |default u

Selatafmmtan /MAXLIO/MAXIO_EVAL WVDEMO_15_1 fsaftware fled_blink_test_bsp

? hal

b

¢ Advanced

o= make

eIy DTS ST e

max _file_descriptors
enable_instruction_related_exceptions_a|
log_paort
enakble_sxit
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus
anable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
enable_alt_load_copy_exceptions

1]

Il [ ¥

hallinker
[] allow_cocle_at_reset
|| enakle_alt_load
[ ] enable_alt_load_copy_rodata
[]enable_alt_load_copy_rwdata

[l enable_alt_load_copy_exceptions

- |

A4l i

6. Click on Linker Script tab in the Nios II BSP Editor.
7. Based on the boot option used, do one of the following:
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« For boot option 1a 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.

Figure 17: Linker Region Settings for Boot Option 1aand 1b

BSP Editor - setting

{on pg-iccf0295)

File Edit Tools Help

r Main rSoftware Packages r Drivers r Linker Script rEnabIe File Ceneration r Target BEP Directory |

Linker Section Mappings

Linker Section Mame Linker Region Mame Memary Device Mame Add..
.bss anchip_memnory2_0 anchip_memory2_0 Remove...
LEnLry reset onchip_flash_0_data

Restore Defaults

Lexceptions anchip_memnory2_0 onchip_memory2_0

. heap onchip_menory2_0 onchip_memory2_0
. rodata anchip_memnory2_0 onchip_memory2_0
. rwdata onchip_memoryz_0 onchip_memory2_0
.stack anchip_memnory2_0 onchip_memory2_0
LTEXT onchip_tlash_0_data onchip_tlash_0_data

Linker Memory Regions

Linker Region Mame Address Range = Memory Device Mame Size (bytes) Offzet (bytes) Add..
anchip_memory2_o 000420020 - Ox00430FFF  |onchip_memary2_0 122848 EF] Remave...
onchip_memory2_0_BEFORE_EXCEPTION QxO0420000 - Ox0042001F  |onchip_memory2_0 32 4}

Restore Defaults..
onchip_f1ash_0_data 0x00200020 - O%003SFFFF  |onchip_f1ash_0_data 1441760 22 sstore Defats

reset Ox00200000 - 0x0020001F  |onchip_flash_0_data 32 4]

Add Memory Device

Remove Memary Device...

Memory Usage...

Memory Map

Figure 18: Linker Region Settings for Boot Option 2

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

File Edit Tools Help

r Main rSoftware Packages r Drrivers r Linker Script rEnabIe File Ceneration rTarget BEP Directory |

Linker Section Mappings

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

.hss onchip_menory2_o onchip_memoryz_0 Remowe. ..
LBNTRY i rese‘F Dnch1. p_flash_0_data Restore Defaulte.
.exceptions onchip_memoryz_0 onchip_memnory2_0

.heap onchip_memory2_0 onchip_memnory2_0

.rodata onchip_memoryz_0 onchip_memoryz_0

. rdata onchip_menory2_0 onchip_memory2_0

.stack onchip_memoryz_0 onchip_memoryz_0

.text onchip_menory2_0 onchip_memory2_0

Linker Memory Regions

Linker Region MName Address Range + Memary Device Mame size (hytes) Offset {bytes) Add...
onchip_menoryz_0 Q0420020 - (0x0043DFFF  |onchip_menory2_0 122848 32 Remoue. .
onchip_memory2_0_BEFORE_EXCEPTION 0x00420000 - 0x0042001F  |onchip_nenory2 0 EFX 0 Rectore Defaultc.
onchip_flash_0_data Q0200020 - (x0035FFFF  |onchip_flash_0_data 1441760 32
reset 000200000 - 0x0020001F  |onchip_flash O _data 32 o]

Add Memory Device...

Remove Memory Device...

Memory Usage..

Memaory Map...
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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.

Figure 19: Selecting mem_init_generate in Make Targets

| & Make Targets x|

Make Targets for: testing

-
| Target Location (| | Add...

i@ 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 8
o Quartus II Software Settings on page 15
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Programmer Object File (.pof) Generation

1. In Quartus II, 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.

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

Open Conversion Setup Data Save Conversion Setup ‘
Qutput programming file
| Programming file type: ‘Prugrammsr Object File (_pof)
Options/Boot info Configuration device: EPCE16 J |Mm!s-
File name ‘output_fi\e pof
Advanced... Remote/Local update difference file NONE

¥ Create Memory Map File (Generate output_file map)
[T Create CwP 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>

Add Sof Page

Add File...

Remove

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 IT compilation. Select Page_0 for UFM source: option. Click OK and proceed to next step.

 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

R4 Convert Programming File - fdatarkiya pitechcomm/MAx 10 Nios boot ANMAXLO.EVAL VDEMO V6,141 flash/MAXLO_EVAL VDEMO_XIP_DUAL BOOT/top - top =@ pg-slsciis>

File Tools Window Search altera.com @
Conversion setup files ﬂ
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> e
top.sof 10MOBSAE144ES Q) e
Add File..
Remove
Up
Down
Properties
gensratel 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

Qsys Settings

1. In the Nios IT 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 or 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 or External RAM is recommended to make
the interrupt processing faster.
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altera_nios2_gen2

2016.05.24
Figure 24: Nios Il 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 Parameter Editor Settings Boot Option 1b
Nios Il Processor .
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 the 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

2016.05.24
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

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%202016.05.24)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

AN-730 .
2016.05.24 Qsys Settings 29

Figure 27: Adding meminit.qip File in Quartus I

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 processor dat a_mast er to
enable write and erase operations.

Figure 29: CSR Connection to Nios Il 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 36

Quartus Il Software Settings

1. In the Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configura-
tion. 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 Specify the device configuration scheme and the configuration device.

Unused Pins

Dual-Purpose Pins Configuration scheme: |Interna| Configuration j
Capacitive Loading |C0nfigurati0n mode: |Dua| Compressed Images (512Kbits UFM) jl
Board Trace Model
11O Timing Configuration device
Voltage
Pin Placement |AUt° j
Error Detection CRC [ Use configuration device:
CvP Settings Device Options ... ‘
Partial Reconfiguration

g Configuration device I/O voltage: | 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:

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.

Q 14740 Configuration Mode parameter on atom "ufm block" is inconsistent with Quartus II project setting.
0 14740 MAY 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
Q 293001 Quartus IT 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 36

(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.

Figure 31: BSP Editor Settings

Nios Il BSP Editor - /data/kiya pitechcomm/MAx 10 Nios boot ANMAXL0_EVAL VDEMO_V6 141 _flash/MAXL0 EVAL VDEMO_XIP_DUAL BOOT/softwareihello_from flash_bspisettings. bsp = @pg-slscfil=

File Edit Toaols Help

l/ Mair r Software Packages r Drivers r Linker Script r Enable File Generation r/ Target BSP Directory

SOPC Information file: /. fMNIOSI_ML0.sopcinfo
CPU name: NIOS2_CENZ

Cperating system: Altera HAL Wersion: :

BSP target directory:  Jdata/tcluifwork/dallas MMAXL0_EVAL WDEMO_WE_141_flash/MAXLI0_EVAL VDEMO jsoftware fhello_from _flash_bsp

? Settings 2| hal
? : sys_clk_timer: -
o : [rone [ ]
¢ Advanced H timestamp_timer: W
el 55 [rone [~
max_file_descriptors e stdin: JTAG_UART =
enable_instruction_related_exceptions_api || ° -
log_port g stdout: ITAG_UART =
enable_exit : -
enable_clean_exit i stderr: TAG_UART =
anable_runtime_stack_checking f; E
enahle_c_plus_plus ; : : enable_small_r_liararny
enable_lightweight _device_driwver_api i
enakle_mul_div_emulation i [] enable_gprof
enable_sopc_sysid_check : ; :
custorn_newlib_flags i enable_reduced_device_drivers
10g_flags : [] enabla_sim_optimize
& linker i =
allow_code_at_reset ¢ hallinker
enatile_alt_load :
enable_alt_load_copy_rodata o a enable_except.mn_stack
enakle_alt_load_copy_rwdata i exception_stack_size: |1024 |
enahle_ali_load_copy_exceptions i
o make i exception_stack_memary_region_name:  [oncHIP RAM 32K =
[ enahle_interrupt_stack
INTErrupt_stack_size: [1024 |
interrupt_stack_memory_region_narme: OMCHIP_RAM 22K, =
i| haLmake
: hsp_cflags_cebug: [-a |
bsp_cflags_optimization: |—Os |

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

Altera Corporation 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%202016.05.24)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

AN-730
2016.05.24

BSP Editor Settings 33

« For boot option 1a, if exception vector memory is set to OCRAM or 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:

o allow_code_at_reset
« enable_alt load

« enable_alt_load_copy_rodata

o enable_alt_load_copy_rwdata

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

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

File Edit Tools Help

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

Main r’ software Packages r Drivers r’ Linker Script r 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

ITETT UL S TEUR _TrErTTUm_TEYTUTT Ty
¢ rmake
bsp_cflags_debug
bsp_cflags_optimization
¢ Achvanced
¢ hal
rmax_file_descriptors
enable_instruction_related_exceptions_ay
log_port
enable_exit

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

[ nartinker

allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_lnad_copy_rwdata

enable_ali_load_copy_exceptions

enable_clean_exit T I
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34 BSP Editor Settings

Figure 33: Advanced.hal.linker Settings for Boot Option 1b

File Edit Tools

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

Help

AN-730
2016.05.24

[ Maifi | Software Packages | Drivers | Linker Script | Enable File Generation | Target BSF Directory |

SOPC Infarmation

& Advanced
¢ hal

log

CPU name:
Operating system: Altera HAL
BSPtarget directory:

¢ make

max _file_descriptors

enable_instruction_related_exceptions_ag

_port
enzile_sxit i
enable_clean_exit =
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags

o= linker

& make

file: ./../iImage0_nios.sopcinfo
niosZ_genz_0

Version

- - - - -

bsp_cflags_debug
bsp_cflags_optimization

hallinker

allow_code_at_resat
enable_alt_load

¥ enable_ah_load_copy.rodata
enable_alt_load_copy._rwdata

[] enable_alt_load_copy._exceptions

4]

Figure 34: Advanced.hal.linker Settings for Boot Option 2

File Edit

L4 B5P Editor - settings.bsp =@ pg-nxextdis=

Tools  Help

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

Operating

SOPC Information file:
CPU hame:

BSP target directory:

fMIOSI_ML0. sapcinfa
NIGS52_GENZ

system: Altera HAL

wersion: |default u

Selatafmmtan /MAXLIO/MAXIO_EVAL WVDEMO_15_1 fsaftware fled_blink_test_bsp

? hal

b

¢ Advanced

o= make

eIy DTS ST e

max _file_descriptors
enable_instruction_related_exceptions_a|
log_paort
enakble_sxit
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus
anable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
enable_alt_load_copy_exceptions

1]

Il [ ¥

hallinker
[] allow_cocle_at_reset
|| enakle_alt_load
[ ] enable_alt_load_copy_rodata
[]enable_alt_load_copy_rwdata

[l enable_alt_load_copy_exceptions

- |

A4l i

6. Click on Linker Script tab in the Nios II BSP Editor.
7. Based on the boot option used, do one of the following:
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« For boot option 1a 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.

Figure 35: Linker Region Settings for Boot Option 1aand 1b

BSP Editor - setting

{on pg-iccf0295)

File Edit Tools Help

r Main rSoftware Packages r Drivers r Linker Script rEnabIe File Ceneration r Target BEP Directory |

Linker Section Mappings

Linker Section Mame Linker Region Mame Memary Device Mame Add..
.bss anchip_memnory2_0 anchip_memory2_0 Remove...
LEnLry reset onchip_flash_0_data

Restore Defaults

Lexceptions anchip_memnory2_0 onchip_memory2_0

. heap onchip_menory2_0 onchip_memory2_0
. rodata anchip_memnory2_0 onchip_memory2_0
. rwdata onchip_memoryz_0 onchip_memory2_0
.stack anchip_memnory2_0 onchip_memory2_0
LTEXT onchip_tlash_0_data onchip_tlash_0_data

Linker Memory Regions

Linker Region Mame Address Range = Memory Device Mame Size (bytes) Offzet (bytes) Add..
anchip_memory2_o 000420020 - Ox00430FFF  |onchip_memary2_0 122848 EF] Remave...
onchip_memory2_0_BEFORE_EXCEPTION QxO0420000 - Ox0042001F  |onchip_memory2_0 32 4}

Restore Defaults..
onchip_f1ash_0_data 0x00200020 - O%003SFFFF  |onchip_f1ash_0_data 1441760 22 sstore Defats

reset Ox00200000 - 0x0020001F  |onchip_flash_0_data 32 4]

Add Memory Device

Remove Memary Device...

Memory Usage...

Memory Map

Figure 36: Linker Region Settings for Boot Option 2

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

File Edit Tools Help

r Main rSoftware Packages r Drrivers r Linker Script rEnabIe File Ceneration rTarget BEP Directory |

Linker Section Mappings

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

.hss onchip_menory2_o onchip_memoryz_0 Remowe. ..
LBNTRY i rese‘F Dnch1. p_flash_0_data Restore Defaulte.
.exceptions onchip_memoryz_0 onchip_memnory2_0

.heap onchip_memory2_0 onchip_memnory2_0

.rodata onchip_memoryz_0 onchip_memoryz_0

. rdata onchip_menory2_0 onchip_memory2_0

.stack onchip_memoryz_0 onchip_memoryz_0

.text onchip_menory2_0 onchip_memory2_0

Linker Memory Regions

Linker Region MName Address Range + Memary Device Mame size (hytes) Offset {bytes) Add...
onchip_menoryz_0 Q0420020 - (0x0043DFFF  |onchip_menory2_0 122848 32 Remoue. .
onchip_memory2_0_BEFORE_EXCEPTION 0x00420000 - 0x0042001F  |onchip_nenory2 0 EFX 0 Rectore Defaultc.
onchip_flash_0_data Q0200020 - (x0035FFFF  |onchip_flash_0_data 1441760 32
reset 000200000 - 0x0020001F  |onchip_flash O _data 32 o]

Add Memory Device...

Remove Memory Device...

Memory Usage..

Memaory Map...
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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.

Figure 37: Selecting mem_init_generate in Make Targets

| & Make Targets x|

Make Targets for: testing

-
| Target Location (| | Add...

i@ 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
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Programmer Object File (.pof) Generation

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.

Figure 38: Convert Programming File Settings

File Tools Window

37

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

Qutput programming file

| Programming file type: ‘Prugrammsr Object File (_pof)

Options/Boot info Configuration device: EPCE16

File name

J |Mm!s-

‘output_fi\e pof

Advanced... Remote/Local update difference file

NONE

¥ Create Memory Map File (Generate output_file map)

[T Create CwP 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 ‘ ﬂ

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:

o If Initialize 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.

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 39: 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
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Figure 40: 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 41: 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 m @
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'CEM- Internal Configuration j
File name ‘softwar’e,’heIIo_from_flash,’mem_init’output_fi\e.pof =
Advanced... Remote/Local update difference file: NONE J
¥ Create Memory Map File (Generate output_file map)
I~ 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> i
L Add Sof Page
top_dual_lst.sof 10MOBSAE144ES
= SOF Data Page_1 <auto> Add File.
top_dual_2nd sof 10MOBSAE144ES =
Remove
Up
Down
Properties
genarate| Close | Help | L]

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

Boot Option 3: Nios Il Processor Application Executes in-place from OCRAM

Altera Corporation

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. This process
eliminates the need for a boot copier, as the Nios II application is already in place at system reset.

This option will not work in any of the following situations:

o When you select a configuration mode that does not support ERAM initialization.
o After a soft reset where the memory contents have been modified by the application and the applica-

tion code has been corrupted.
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Figure 42: Boot Option 3 Block Diagram

.POF

SOF

User
Software

FPGA Data .SOF

Nios Il Software
.HEX

(FM 172

Table 8: RAM and ROM Size Requirement for Boot Option 3

RAM Size Requirement ROM Size Requirement

Equivalent to the executable code and dynamic memory size
required by user program.

Not applicable for this boot option.
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Figure 43: Configuration and Booting Flow for Option 3

Design

« Create your Nios Il Processor based project using the 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 the Altera On-chip Flash IP in Qsys and Quartus Il software.

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

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

- Generate your design in Qsys.

« Compile your project in Quartus Il software.

v

BSP Editor Settings

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

A 4

Application & Project Recompilation

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

A

Programming Files Conversion

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

Download

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

v

Reset & Boot

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

Single Uncompressed/Compressed Image with Memory Initialization Guideline

Qsys Settings

AN-730
2016.05.24

1. In the Nios II Processor parameter editor, set both the Reset vector memory: and Exception vector
memory: to Altera On-Chip Memory (OCRAM).

Altera Corporation

Nios Il Processor Booting Methods in MAX 10 FPGA Devices

C] Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Nios%20II%20Processor%20Booting%20Methods%20in%20MAX%2010%20FPGA%20Devices%20(AN-730%202016.05.24)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

AN-730
2016.05.24

Figure 44: Nios Il Parameter Editor Settings for Boot Option 3

Messages -@Parame(ers
System: OnChip  Path: nios2_gen2

i Address Map £ | System Contents  £2 | Interconnect Requirements 2%

-0

Nios Il Processor
altera_nios2_gen2

Main | Vectors r Caches and Memory Interfaces r/ArI[thIElIE Instructions r MMU and MPU Settings rJTAC Debug r/Ad\faﬂ[Ed Features

Qsys Settings 43

o (=)

Details

~ Reset Vector
Reset vactar memory. ‘Dnchipimemoryzio_sl ‘v|
Reset vectar offset: [ox00000000
Reset wvector: 0x00420000

[~ Exception Vector
Exception wector memory. ‘nn[mp_memnr\/z_o sl ‘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 the 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 45: Configuration Mode with Memory Initialization Selection and Initialize Flash Content

Setting

Messages &% @Parameters £ Address Map £ | System Comtents &%

Interconnect Requirements 5% o8
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 47. 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 46: 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 47: Adding meminit.qip File into Quartus Il

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 48: 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

4. Ensure that Altera On-chip Flash csr port is connected to the Nios II processor dat a_mast er to
enable write and erase operations.

Figure 49: CSR Connection to Nios Il dat a_mast 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 the Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configura-
tion. 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 50: Configuration Modes with Memory Initialization Selection in Quartus II

Device and Pin Options - RemoteUpdate

Category:

Configuration

Programming Files
Unused PFins

Specify the device configuration scheme and the configuration device.

General Configuration

Dual-Purpose Pins

Configuration scheme: |Interna| Configuration

[

Capacitive Loading
Board Trace Model
I/O Timing Configuration device

Error Detection CRC
CVP Settings

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

Dual Compressed Images (512Kbits UFM)
Voltage Single Compressed Image (5888Kbits UFM)
Pin Placement Single Compressed Image with M... Initialization (512Kbits UFM)

" Use configuration d Single Uncompressed Image (3584Kbits UFM)
Single Uncompressed Image with... Initialization (512Khbits UFM)

Partial Reconfiguration
9 Configuration device IO woltage: |

W Generate compressed bitstreams

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

Active serial clock source:

Description:

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

the device.

OK

Specifies the configuration mode used with the configuration scheme for configuring

Reset

‘ 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.
2 errors, 0 warnings

Q 293001 Quartus II Full Compilation was unsuccessful. 4 errors, 10 warnings

£ x | CQuartus IT 64-Bit Fitter was unsuccessful.

« If 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:

oS00

16031 Current Internal Configuration mode does not s

Quartus II 64-Bit Analysis & Synthesis was unsuccessful.
€ 293001 Quartus TT Full Compilation was unsuccessful. 34 errors,

2. Click OK to exit the Device and Pin Options window.
3. Click OK to exit the Device window.

16031 Current Internal Configuration mode does not support memory initialization
16031 Current Tnternal Configuration mode does not support memory initialization
16031 Current Internal Configuration mode does not support memory initialization
[x] pport memory initialization
] \I) 21057 Implemented 7144 device resources after synthesisz - the final resource count might
+
[*]

or
or
or
or

32 errors, 17 warnings

17 warnings

4. Click Start Compilation to compile your project and generate the .sof file.
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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.

Figure 51: BSP Editor Settings

Nios Il BSP Editor - /data/kiya pitechcomm/MAx 10 Nios boot ANMAXL0_EVAL VDEMO_V6 141 _flash/MAXL0 EVAL VDEMO_XIP_DUAL BOOT/softwareihello_from flash_bspisettings. bsp = @pg-slscfil=

File Edit Toaols Help

l/ Mair r Software Packages r Drivers r Linker Script r Enable File Generation r/ Target BSP Directory

SOPC Information file: /. fMNIOSI_ML0.sopcinfo
CPU name: NIOS2_CENZ

Cperating system: Altera HAL Wersion: :

BSP target directory:  Jdata/tcluifwork/dallas MMAXL0_EVAL WDEMO_WE_141_flash/MAXLI0_EVAL VDEMO jsoftware fhello_from _flash_bsp

? Settings 2| hal
? : sys_clk_timer: -
o : [rone [ ]
¢ Advanced H timestamp_timer: W
el 55 [rone [~
max_file_descriptors e stdin: JTAG_UART =
enable_instruction_related_exceptions_api || ° -
log_port g stdout: ITAG_UART =
enable_exit : -
enable_clean_exit i stderr: TAG_UART =
anable_runtime_stack_checking f; E
enahle_c_plus_plus ; : : enable_small_r_liararny
enable_lightweight _device_driwver_api i
enakle_mul_div_emulation i [] enable_gprof
enable_sopc_sysid_check : ; :
custorn_newlib_flags i enable_reduced_device_drivers
10g_flags : [] enabla_sim_optimize
& linker i =
allow_code_at_reset ¢ hallinker
enatile_alt_load :
enable_alt_load_copy_rodata o a enable_except.mn_stack
enakle_alt_load_copy_rwdata i exception_stack_size: |1024 |
enahle_ali_load_copy_exceptions i
o make i exception_stack_memary_region_name:  [oncHIP RAM 32K =
[ enahle_interrupt_stack
INTErrupt_stack_size: [1024 |
interrupt_stack_memory_region_narme: OMCHIP_RAM 22K, =
i| haLmake
: hsp_cflags_cebug: [-a |
bsp_cflags_optimization: |—Os |

5. Enable allow_code_at_reset and leave others unchecked to make sure the application starts at address
0x00.
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Figure 52: Advanced.hal.linker Default Settings

ings.bsp = @ pg-nxexti 5=

File Edit Tools Help

Main | Software Packages | Drivers [ Linker Script | Enable File Ceneration | Target BSP Directory

SOPC Infarmation file
CPU name:

o AMIOSIZML0 sapcinfo
MIQS2_CEM2
Altera HAL

Version: [default u

Fdata/mmtan MAXLO/MAXL0_EVAL WVDEMO_15_1/software fled_blink_test_bsp

hallinker

Operating system,
BSP target directory;

T O TR S = O T TS ST
¢ Advancec
¢ hal

max file_clescriptors

enable_instruction_related_exceptions_a

log_port

enable_exit

enable_clean_exit

enable_runtime_stack_checking

enable_c_plus_plus

enable_lightweight _device_driver_api

enable_mul_div_emulation

enable_sopc_sysid_check

custom _newlib_flags

log_flags

?
allovy_ code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
enable_alt_load_copy.exceptions
o= make
q] Il [ ]

allow_code_at_reset

|| enakle_al_load

[] enahle_alt_load_copy_rocata
[ ] enable_alt_load_copy_rwdata

[ lenable_alt_load_copy_exceptions

Sl ] D

6. Click on Linker Script tab in the Nios IT BSP Editor.
7. Set all the Linker Section Regions to Altera On-chip Memory (OCRAM).

Figure 53: Linker Region Default Settings

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

File Edit Tools Help

r Main rSoftware Packages r Drivers r Linker Script r Enable File Ceneration rTarget B5P Directory |

Linker Section Mappings

Linker Memory Regions

Linker Section Mame & Linker Region Mame Memory Device Mame Add

.hss onchip_memoryz2_0 onchip_memory2_0 Remove. .
M=l reseF onch'! p_flash_0O_data Restore Defaulie.
.exceptions onchip_memoryz2_0 onchip_memory?_0

.heap anchip_memory2_0 onchip_memory2_0

.rodata onchip_memoryz_0 onchip_memoryz_0

. Pdata anchip_memory2_0 onchip_memory2_0

.stack onchip_menoryz_0 onchip_memory2_ 0

. Text onchip_memory2_0 onchip_nemory2_0

Linker Region Mame Address Range = Memory Device Mame Size (bytes) Offzet (bytes) Add..
Onch p_menoryz_o 0x00420020 - Ox00430FFF  |onchi p_memoryz_o 122845 32 oo,
onchip_memory2_O_BEFORE_EXCEPTION Ox00420000 - 0x0042001F  |anchip_memory2_0 32 4} Restore Defaulie.
onchip_flash_0_data OxO0200020 - 0x0035FFFF  |onchip_flash_0_data 1441760 32
reset 00200000 - 0x0020001F  |jonchip_flash O_data 22 Lt]

Add Memory Device...

Remove Memory Device

Memory Usage..

Memory Map...
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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.

Figure 54: Selecting mem_init_generate in Make Targets

Make Targets

i i i -2
| Target Location | Add. .

| (@ mem_init_install '
! e | |Remove

@ mem_init generate

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

Note: If you are using Quartus II software version 15.0 and above, you can skip all the steps in this
section. From Quartus II 15.0 onwards, the Quartus II software will generate both SOF and POF
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Programmer Object File (.pof) Generation

files. Since boot option 3 comprises single image, you may use the generated POF file to program

into the MAX 10 FPGA device directly.

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.

Figure 55: 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

Open Conversion Setup Data Save Conversion Setup

Qutput programming file

Remove

Properties

| Programming file type: ‘Prugrammsr Object File (_pof)
Options/Boot info Configuration device: EPCE16 J |Mm!s-
File name ‘output_fi\e pof
Advanced... Remote/Local update difference file NONE

¥ Create Memory Map File (Generate output_file map)
[T Create CwP 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>

Add File...

Up oo
Down

=

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 56: 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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Boot Option 4 and Option 5 53
Figure 57: Input Files to Convert in Convert Programming Files
(i} Convert Programming File - /data/mmtan/MAX10/RemoteUpdate_restored/RemoteUpdate - RemoteUpdate - i
File Tools Window Search altera.com -@
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‘CElE- J Mode Internal Configuration j
File name ‘nutput_fi\e pof
Advanced Remote/Local update difference file [noNE =l
¥ 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
= SOF Data Page_0 <auto> A < e
Image0.sof 10MS0DAF4B4ES e =f raye
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.

Boot Option 4 and Option 5

Boot Option 4: Nios Il Processor Application Executes in-place from QSPI Flash

This option is suitable for Nios II processor applications which require code space that is larger than the
UFM and/or limited on-chip memory usage. It has a similar concept to boot option 1 where the Nios II
processor application execute-in-place from UFM but with more memory space due to use of QSPI flash
(depending on QSPI chip selection) instead of the UFM. This is an advantage for supporting larger or
multiple software applications.

The alt_load() function operates as a mini boot copier that initializes and copies the writable memory
sections only to OCRAM or external RAM. The code section (.text), which is a read-only section, remains
in the QSPI flash memory region. Retaining the read-only section in QSPI minimizes RAM usage but may

limit the code execution performance. The Nios II processor application is programmed into the QSPI
flash.

The Nios II processor reset vector points to the QSPI flash to allow code execution after the system resets.
If you are debugging the application using the source-level debugger, you must use a hardware break-
point because the QSPI cannot support random memory access.
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Figure 58: Boot Option 4 Block Diagram

.POF

.POF
FPGA Data

O SOF

Nios Il Software
HEX

(FM 172

QsPI
Flash

Table 9: RAM and ROM Size Requirement for Boot Option 4

RAM Size Requirement ROM Size Requirement

Equivalent to the dynamic memory space usage during run Executable code must not exceed the
time which is the sum of the maximum heap and stack size. size of the QSPI flash.

Option 5: Nios Il Processor Application Copied from QSPI Flash to RAM Using Boot Copier

Using a boot copier to copy the Nios II application from QSPI flash to RAM is suitable when multiple
iterations of application software development and high system performance are required. It has a similar
concept to boot option 2 where Nios II processor application copied from QSPI flash to RAM using boot
copier but with larger memory space due to QSPI flash (depending on QSPI chip selection). This is an
advantage for supporting software applications that require larger program space and high software
performance (compared to XIP).

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 the memory initialization file (.hex). The boot copier is
located at the base address of the HEX data, followed by the application.

For this boot option, the Nios II processor starts executing the boot copier software upon system reset that
copies the application from the QSPI to the on-chip memory or external RAM. Once this process is
complete, the Nios II processor transfers the program control over to the application.
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Figure 59: Boot Option 5 Block Diagram

FPGA

.POF

Logic SOF

FPGA Data
.SOF

Table 10: RAM and ROM Size Requirement for Boot Option 5

RAM Size Requirement

Equivalent to the executable code and dynamic
memory size required by user program.

the size of the QSPI flash.

ROM Size Requirement

Executable code and boot copier must not exceed
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Figure 60: Configuration and Booting Flow for Option 4 and Option 5
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Design

« Create your Nios Il Processor based project using Qsys system.
« Ensure that there is external RAM or onchip RAM and Generic Quad SPI controller IP in the system design.
« Instantiate the Altera Dual Configuration IP into your Qsys system if you opt for Dual Images configuration mode.

4

MAX 10 FPGA Configuration and Compilation

« Set Nios Il processor reset and exception vector based on your boot option.
- Generate your design in Qsys.
- Compile your project in Quartus Il software.

h 4

BSP Editor Settings

« Create Nios Il processor HAL BSP based on the .sopcinfo file created from Qsys generation.
+ Edit Nios I processor BSP settings and Linker Script in BSP Editor based on your boot option.
- Generate BSP project.

h 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.

h 4

Programming Files Conversion

- Convert the generated .hex file to .pof file using Convert Programming Files feature in Quartus Il software

Download

« Using Quartus Il programmer, program the parallel loader .sof into the device to enable parallel loader.
- Once the programming is completed, click on Auto Detect button. Make sure the QSP!I flash is detected.
« Program the converted .pof (Nios Il application) into the QSPI flash.

- Program the hardware .pof file (from Quartus I1) into the MAX10 device.

v

Reset & Boot

« Reset your MAX 10 FPGA device using the reset button or power cycle your hardware.

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

Images.
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Single Uncompressed/Compressed Image Bootable System Guideline

Design Creation

1. Create your Nios II processor project using Quartus IT and Qsys.

2. Make sure the Generic Quad SPI Controller IP is added into your Qsys system. Refer to the diagram
below for IP connection in Qsys.

Figure 61: Connection for Generic Quad SPI Controller IP

Use Connections Marme Description Expaort Clock
B sys_ck Clock Source
(=g clk_in Clock Input sys_clk exporied
e clk_in_reset Reset Input reset
clk Clock Qutput sys_Clk
clk_reset Feset Qutput
Bl nios2_gen2_0 Mios |l Processar
clk Clock Input sys_pll_c2
rezet Feset Input [clk]
clata_master Awalon Memary Mapped Master [cIk]
instruction_master Lealon Memory Mapped Master [clk]
it Interrupt Recemver [clk]
cebug_reset_recuest Reset Output [clk]
debug_mem_slawe Awalon Memary Mapped Slave [clk]
custam_instruction_master Custom Instruction Master
B clock_bridge_1 Clock Bricge
(= in_clk Clock Input qspi_controller_in_clk |exporied
out_clk Clock Qutput clock_hrid...
B generic_quad_spi_controller 0 [Altera Generic QUAD 5P| control...
clock_sink Clock Input clock_brid...
reset Reset Input [clack_sink]
ad _csr Levalon Memory Mapped Slave [clock_sink]
avi_mem Awalon Memary Mapped Slave [clack_sink]
interrupt _sender Interrupt Sender [clock_sink]
= flash_dataout Concluit ext_flash_flash_dataout
< flash_dclk_out Canduit ext_flash_flash_dclk_...
At flash_ncs Conduit ext_flash_flash_ncs

Note: The maximum input clock for Generic Quad SPI Controller IP is 25 MHz. The input clock must
not exceed this maximum value.

Qsys Settings

1. In the Nios II 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 4a (19019 QSPI flash OCRAM/ External RAM
Option 4b1¥ QSPI flash QSPI flash
Option 5 QSPI flash OCRAM/ External RAM

(4 You can set the exception vector for Boot Option 4 to OCRAM/ External RAM (Option 4a) or QSPI Flash
(Option 4b) according to your design preference.

(15 Boot option 4a which sets exception vector memory to OCRAM/External RAM is recommended to make
the interrupt processing faster.
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Figure 62: Nios Il Parameter Editor Settings Boot Option 4a and 5

Note: mem_if_ddr3_emif_0.avl is the external memory (DDR3) used in this example.

Lig Parameters &%
System: ghrd_10m50daf434ctges  Path: cpu

Nios II Processor
altera_nios2_gen2

Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

- Reset Vector

Reset vector memary: generic_gquad_spi_controller_0.avl_mem
Reset vector offset: Ox00000000
Reset vector: 014000000

~ Exception Vector

Exception vector memory: mem_if_ddr3_emif_0.avl hd .
Exception vector oftset: 0x00000120
Exception wector: Ox03000120

Figure 63: Nios Il Parameter Editor Settings Boot Option 4b

Jg Parameters &%
System: ghrd_10m50daf4a84ceges  Path: cpu

Nios II Processor
altera_nios2_gen2

Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

- Reset Vector

Reset vector memary: generic_quad_spi_controller_D.avl_mem -
Reset vector offset: 0x00000000
Reset vector: 0314000000

= Exception Vector

Exception vector memory: generic_guad_spi_contraller_0.avl_mem - |
Exception vector nf'-ﬁet: 0x00000120
Exception vector: Ox 14000120

2. Open Altera Generic Quad SPI controller parameter editor. Change the Configuration device type to
the QSPI flash selection and make sure the I/O mode is set to QUAD.
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Figure 64: Altera Generic Quad SPI Controller Parameter Settings

JIE Parameters &0
System: ghrd_10m50daf484ctges  Path: generic_guad_spi_controller_0

Altera Generic QUAD SPI controller

altera_generic_quad_spi_controller

|" Parameters
Configuration device type: | N250512A83G5F40F -
Choose If0 mode: QUAD +
Mumber of Chip Selects used: |

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

Quartus Il Software Settings

1. In the Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configura-
tion. Set Configuration mode to Single Uncompressed Image or Single Compressed Image.

Nios Il Processor Booting Methods in MAX 10 FPGA Devices

C] Send Feedback

Altera Corporation


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Nios%20II%20Processor%20Booting%20Methods%20in%20MAX%2010%20FPGA%20Devices%20(AN-730%202016.05.24)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

60 BSP Editor Settings

AN-730
2016.05.24

Figure 65: Configuration Mode Selection in Quartus Il Software

Device and Pin Options - RemoteUpdate x|

Category:

General

Configuration

Programming Files
Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
I/C Timing

Voltage

Pin Placement

Error Detection CRC
CvP Settings

Partial Reconfiguration

Configuration

Specify the device configuration scheme and the configuration device.

Configuration scheme:

Configuration mode:

Configuration device

" Use configuration

Configuration device I/O voltage: | j

" Force VCCIO to be compatible with configuration I/O voltage

W Generate compressed bitstreams
Active serial clock source: j

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

Description:

|Interna| Configuration j

|Sing|e Uncompressed Image (3584Kbits UFM) >
Dwual Compressed Images (512Kbits UFM)

Single Compressed Image (5888Kbits UFM)

Single Compressed Image with M... Initialization (512Kbits UFM)

single Uncompressed Image (3584Kbits UFM)

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

Specifies the configuration mode used with the configuration scheme for configuring

the device.

Reset

oK Cancel ‘ Help ‘

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.

Note: SOF to POF file conversion is not required because there is only single hardware image and

Nios II application data will be loaded into the QSPI flash separately. You can use the POF
generated during Quartus II project compilation to program into the MAX 10 FPGA.

Related Information
Programming Hardware Design POF File into the MAX10 FPGA on page 68

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.

Altera Corporation
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Figure 66: BSP Editor Settings
Nios Il BSP Editor - /data/KiyapitechcommiMAx 10 Nios boot AN/MAXLO]EVAL VDEMO V6 141 flash/MAXL0 EVAL VDEMO_XIP_DUAL BOOT/softwara/hello_from flash bep/settings. bep = @pg:slsciod
File Edit Tools Help
r Mair rSthware Packages r Drivers r Linker Script r Enable File Ceneration r/Target BSP Directory
SOPC Information file: /. NIOSI_M10.sapcinfo
CPU name: NIOSZ_GENZ
Cperating system: Altera HAL “ersion:
B3P target directory:  fdata/tcluifwork/dallas /MAXLIO_EWAL WDEMO WE_141 flash/MAXLO_EWAL WDEMO /software/hello_from_flash_bsp
?Semngs R A T P e T P s e SR
¢ Common H Ik _ti £
sys_clk_timer: =
¢ Advanced : timestamp_timer:
¢ hal §g [rone [~
may_file_descriptors : stdin: JTAG_UART =
enakle_instruction_related_exceptions_api i
Ing_port stoiout ITAG_UART =
enable_exit i
enable_clean_exit : stderr: ITAG_UART =
enable_runtime_stack_checking §§ -
enahle_c_plus_plus i i
enable_lightweight _device_driver_api ; St B eareRy
enable_mul_div_emulation [] enahle_gprof
ES;Eﬁ:;l%ﬁéﬁgﬁ;heck enable_reduced_device _drivers
log_flags B [] enable_sim_optimize
& linker E -
allow_code_at_reset F[Eakinker
enable_alt_load : i
enable_alt_lnad_copy_rodata i il il el
enable_alt_load_copy_rwdata i exception_stack_size [1024 |
enable_alt_load_copy_exceptions i
o rake exception_stack_memary_region_narme: =
; [ enahle_interrupt_stack
interrupt_stack_size: |1024 |
: interrupt_stack_memary_region_narne: =
hal.make
i bsp_cflags_debug: [-g |
bsp_cflags_optimization: |—Os |
5. Based on the boot option used, do one of the following:
« For boot option 4a, if exception vector memory is set to OCRAM or External RAM, enable the
following:
o allow_code_at_reset
« enable_alt_load
« enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata
« enable_alt_load_copy_exceptions
« For boot option 4b, if exception vector memory is set to QSPI flash, enable the following:
o allow code_at_reset
o enable_alt_load
o enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata
« For boot option 5, leave all the hal linker settings unchecked.
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Figure 67: Advanced.hal.linker Settings for Boot Option 4a

BSP Editor - settings.bsp (on pg-iccf0295) Zi|Elx

File Edit Tools Help

Main r/ Software Packages r Drivers r/ Linker 3cript r Enable File Generation r Target B3P Directory |

SOPC Information file:  .././OnChip.sopcinfo
CPU name: niosz_genz_0
Operating system: Altera HAL Wersion: ﬂ
BSPtarget directory: Jdatajmmtan/MAXI0/RemoteIpdate_restoredfsoftware fhelloWaorld_ledBlink_bzp

TATETT 5T - - -l
¢ make
b=p_cflags_debug

hal.linker

allow_code_at_reset

bEp_cflags_optimization enable_alt_load

enable_ali_load_copy_rodata

mayx_file_descriptars
enable_instruction_related_exceptions_a
log_port
enable_exit
enable_clean_exit
enable_runtime_stack_checking
enakle_c_plus_plus
enable_lightweight_device_driver_api
anable_mul_div_emulation
enakle_sopc_sysid_check
custom_newlib_flags
I00_flags

o= linker

o= make |

4] Il [ 1

enable_alt_load_copy_nwvdata

enable_alt_load_copy_exceptions

Figure 68: Advanced.hal.linker Settings for Boot Option 4b

= BSP Editor - settings.bsp (on pg-iccf0238) sl i
File Edit Tools Help

(" Main | Software Packages | Drivers | Linker Script | Enable File Generation | Target BSP Directory |

SOPC Information file: . /../Image0_nlos.sopcinfo
CPUname: nios2_gen2_0

Operating system: Altera HAL Version

BEPtarget directory: Jdata/mmtan/MAX10/NIOSI Imaged/sofware/led_blinking_bsp

TETTPLSTEE “TEQOMCIEMTE LT ] haldinker
¢ make

bsp_cflags_debug

Bbsp_cflags_optimization [#] enable_al_load

allow_code_at_resat

¢ ’idv::fw [¥] enable_al_load_copy_rodata
max_file_descriptors enable_alt_load_copy_rwdata
enable_instruction_related_exceptions_ap
log_port [ enable_ah_load_copy_exceptions
enable_exit .
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
o linker
& rmake
< I I
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Figure 69: Advanced.hal.linker Settings for Boot Option 5

File

b 4 BESP Editor - settings.bsp =@ pg-nxext0005=
Edit

Toals

Help

63

BSP Editor Settings

[ Main | Software Packages |  Drivers | Linker Script | Enable File Generation |* Target ESP Directory

SOPC Infarmation file:

A MIDSN_ML0 sapcinfo

CPU name: MIOS2_CEMZ

Operating system: Altera HAL

BEP target directory.

version: [dtoat [

Fdata/mmtan MAXLO/MAXL0_EVAL WVDEMO_15_1/software fled_blink_test_bsp

LSy - R By ) -

¢ Advanced

¢ hal
rrax _file_descriptors

enable_instruction_related_exceptions_a

log_port

enable_exit

enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus

enable_lightweight _device_driver_api

enable_mul_div_emulation

enable_sopc_sysid_check

custom _newlib_flags

log_flags

?

allovy_ code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata

enable_alt_load_copy.exceptions

o= rmake

1]

-

I

- |

hallinker
allow_code_at_reset
|| enakle_al_load
[] enahle_alt_load_copy_rocata
[ ] enable_alt_load_copy_rwdata

[ lenable_alt_load_copy_exceptions

HEN ]

| ¥

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 4a and 4b, set the .text item in the Linker Section Name to the QSPI 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 5, 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 70: Linker Region Settings for Boot Option 4a and 4b
L4 B5P Editor - settings_bsp < @pg-icci284>
File Edit Tools Help |
{ Main | Software Packages | Drivers [ LinkerScript [ Enable File Ceneration | Target BSP Directory |
Linker Section Mappings
Linker Section Name = Linker Region Name Memory Dewice Name ], Add... |
men_iT_ddr3_emiT O em_iT_ddr3_emiT O | Remove...
= i 3 P IR | Restore Defaults.. |
men_iT_ddr3_emif 0O \pen_iT_ddr3_emiT 0
men_iT_ddr3_emif 0 em_iT_ddr3_emiT 0
men_iT_ddr3_emifT 0O pen_iT_ddr3_emiT O
men_iT_ddr3_emif_0 en_iT_ddr3_emif_0
lgeneric_quad_spi_controller 0... [eneric_quad spi_controller 0_avi_mes |
Linker Memory Regions
Linker Region Name | Address Range = Memory Device Name Size (byte,,,: Offzet (h\",,L Add... |
generic_guad_spi_controller_0_avl_mes I.OxlﬁO(mZO - Ox17... "gener'i c_quad_spi_controlier_O... | 33554400 33554464 Remaove
reset 10¥16000000 - 0x16. eneric_quad_spi_controller 0... 32| 33554432 R T
meneric_guad_spi_controller_0_avl_mes_BE... |0x14000000 - Ox15... "gener'i c_quad_spi_controller_0... | 33554432 ok - .
men_iT_ddr3_emiT O 10¥08000120 — OxOF... mem_iT_ddr3 emiT O (13421} 288
men_iT_ddr3_eaiT_0_BEFORE_EXCEPTION 288| of Add Memory Device. |
Th_ram_1k | 1024 O Remove Meniory Dovice
| Memory Usage...
1 Memory Map_ |
Figure 71: Linker Region Settings for Boot Option 5
L% B5P Editor - settings_bsp < @pg iccf02B4>
File. Edit Tools Help
I{ Main | Softeare Packages | Drivers || Linker Script [ Enable File Generation | Target BSP Directory
Linker Section Mappings
Linker Section Mame & Linker Region Name Memory Dewice Name Add... |
|mem_iT_ddr3_eaif 0 men_iT_ddr3_eaif_0 Remove
= f = = : e ; Restore Defaults.
Inen_i7_ddr3_emit. 0 mem_iT_ddr3_emiT 0
men_iT_ddr3_emif 0 mep_iT_ddr3_eaif_ 0
|men_iT_ddr3_emifT_0 mem_iT_ddr3_emif_0
men_iT_ddr3_emif 0 men_iT_ddr3_eaif_ 0
lmem_if ddr3 ewif 0 imen it ddr3 emif O
Linker Memory Regions
1 Linker Region Name Address Range ~ Memory Device Name Size (bytes) Offset (bytes) ] Add...
ext_flash_av]_mem 0x16000020. - Ox17FFFFFF  |ext_flash_avl_mem 33554400/ 33554484 Remove
reset 0x16000000 - 0x1600001F |ext_Tlash_avl_mem 32 33554432 Restore Defaults
ext_Tl1ash_av]_mes_BEFORE_RESET 0x14000000. - Ox15FFFFFF  |ext_Tlash_avl_mem 33554432 O — !
men_iT_ddr3 emitT O 0x0B000120° ~ OxOFFFFFFF  |mem_iT_ddr3 emif O 13421744()? 288|
men_iT_ddr3_emiT_O_BEFORE_EXCEPTION 008000000 - 0x0800011F |mem_i1T_ddr3_emiT 0O 288 04 Add Memory Device...
th_ram 1k 0x00000000 — Ox000003FF [th ram 1k 1024/ o EMER R DVICE
Memory Usage... |
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 72: Selecting mem_init_generate in Make Targets

Make Targets

Make Targets for: testing

Location | Add...
| (@ mem_init_install i
! 2 | | Rermove

@ mem_init generate

(@ help |

-
| Target
|=

Cancel l [ Build

5. The “mem_init_generate” macro will create two HEX files; <OCRAM_name>.hex and <QSPIFlash_
name>.hex. Use <QSPIFlash_name>.hex for boot option 4 and 5 as you are booting from QSPI flash,
not from OCRAM.

Related Information
Software Programmer Object File (.pof) Generation on page 65

Software Programmer Object File (.pof) Generation

Important: The quartus.ini file withPGM O_SWAP_HEX_BYTE_DATA=ON content is required to byteswap the
programming file during the POF generation. Please create the quartus.ini file or use the
quartus.ini available in the related information and place it under Quartus II tool directory
or project directory before you proceed.

In Quartus II, click on Convert Programming Files (.pof) from the File tab.
Choose Programmer Object File as Programming file type.

Set Mode to 1-bit Passive Serial.

Set Configuration device to CFI_512Mb.

Change the File name to the desired path and name.

A e
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6. Remove the SOF Page_0.
7. Click on Add HEX Data, choose the HEX file generated in HEX Generation section. Select Absolute
Addressing and click OK.

8. Click Generate to create the .pof file.
Figure 73: HEX to POF file Conversion Settings

4 Convert Programming File - S:/data/mmian/MAX10/m10_gsrd. reve/rel/sre/ghrd_10m50dafABAc6ges. fop - ghrd_10mS0daf... (scsls(=le e
———— i —— ———

File Tools Window Search altera.com @

-~

Conversion setup files

Open Conversion Setup Data... ] [ Save Conversion Setup... ]

Output programming file

Programming file type: [Programmer Object File {.pof) - ]
QOptions/Boot info... | Configuration device: [CFI_El?Jﬂ'Ib * | Mode: 1-hit Passive Serial - ]
File name: qspi_bootCopier.pof [:]

Remote Local update difference file: MONE -

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

Create config data RPD (Generate gspi_bootCopier_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
4 Hex Data Absolute addressing 0x00000000
ext_flash.hex fcd oiBage

Add File...

m

Remove
Up
Down

Properties

Generate ] [ Close ] [ Help

Related Information
« HEX File Generation on page 64
« POF file Programming into QSPI flash on page 66
e Quartus.ini file
POF file Programming into QSPI flash
1. Programming Parallel Flash Loader into MAX10 Device

Note: You need to program the parallel flash loader into the MAX 10 device before programming the
QSPI flash.
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a. Create Parallel Flash Loader for MAX 10 FPGA in the Quartus II. Assign QSPI pins based on your
design. Compile the project to obtain max10_qpfl.sof file.

b. Open Quartus II programmer from the Quartus II tool (Tools -> Programmer).

c. Make sure the Hardware Setup is set to your USB blaster.

d. Click on Auto Detect, select your MAX10 FPGA and select OK.
e. Right click on the MAX 10 FPGA and select Edit -> Change File. Choose the max_qpfl.sof file.
f. Check MAX 10 device under Program/Configure and click Start to start programming.

g. Click on Auto Detect after max10_gqpfl.sof is successfully programmed. Click Yes if you are asked
to overwrite the existing settings. A new QSPI flash device will be shown on the screen.

Figure 74: Programming Parallel Flash Loader Programmer Settings

File Edit View Processing Tools Window Help 5

Programmer - [Chain3.cdf]* (on pg-iccf0295)

£, Hardware Setup |USEVE\asterH on pg-mmtan-440 [USB-1]

™ Enable real-time ISP to allow background programming when available

Mode: [JTAG

j Progress 100% (Successfuarl

Search altera.com @

i Start

i Stop Jdata/mmtan/MAX...
ﬁ Auto Detect
¥ Delete
(M Add File...

Change File

Device

Checksum | Usercodge

Program/
Configure

rify | Blank-

10MS0DAF484... 0029C91D 0029C912

i Save File
Add Device
T up

I pown

PERERERE

10M50C
TDO

Replaces a selected programming file

Show Device's Properties

# Delete Del
Select All Ctri+A

(% Add File

Examine | Security | Erase

b Change File

i Save File

Add IPS File
Change IPS File
Delete IPS File

Add EKP File...
Change EKP File
Delete EKP File

Add PR Programming File
Change PR Programming File

Delete PR Programming File
Aftach Flash Device
Change Flash Device
Delete Flash Device

[ Add Device
Change Device

Th up

1% Down

%, Hardware Setup

ISP CLAMP State Editor
Define CFl Flash Device

& Properties

2. Programming HEX image into QSPI Flash

a. Right click on the QSPI device and select Edit -> Change File. Choose the generated POF file from
Software POF Generation section.

b. Check the HEX file under Program/Configure column and click Start to start programming.
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Figure 75: HEX Image Programming into QSPI Flash
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File Edit View Processing Tools Window Help L

Search alteracom @

& Hardware Setup... | [USB-Blasterll on pg-mmtan-440 [USB-1] Mode: [ITAG ~]  Progress: 100% (Successful) .
[ Enable real-time ISP to allow background programming when available |
Wb Start File Device Checksum | Usercode | Program/ | Verify | Blank- | Examine | Security | Erase ISP IPS File
= Configure Check Bit CLAMP
b Stop <none> 10MS0DAF484... 00000000 00000000 r r r r
- [data/mmtan/MA. . QS5PI_512Mb  FBAO7875 r r r r r r r
8 Auto Detect ext_flash.hex
X Delete
B Add File
e Change File |
&) save File
-
Add Device., QsP
i Up /
' Down T
TDI
E—
1O0MS0DAF4BAES
DO
Related Information

Software Programmer Object File (.pof) Generation on page 65

Programming Hardware Design POF File into the MAX10 FPGA

1. After you successfully programmed HEX data into Quad SPI flash, right click on the MAX 10 FPGA
and select Edit -> Change File. Choose the downloaded POF file generated from Quartus II project

compilation.

2. Check the MAX10's CFMO0 and UFM under Program/Configure column and click Start to start

programming.
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Figure 76: POF Image Programming into QSPI Flash

File Edit View Processing Tools Window Help 9

Search alteracom @

X Delete ext_flash.nex

% Add File

7
o
2
]
a
3
I

e

o, Hardware Setup. |USB-BIasIerH on pg-mmtan-440 [USB-1] Mode: |JTAG j Prog 1009 ( )] .
" Enable real-time ISP to allow background programming when available I
Wb Start File Device Checksum | Usercode | Program/ | Verify | Blank- | Examine | Security | Erase ISP IPS File EKP File
i Configure Check Bit CLAMP
i Stop /data/mmtan/MAXL... LOM50DAF484... L026D7C5 00000000
CFMO 3 r r r r r r
8 Auto Detect UFM i r r r r r r
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r r r r r r r

d) save File
* Add Device. |
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' Down T

o § i
—* i B
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TDO

Related Information
Quartus IT Software Settings on page 59

Dual Compressed Images Bootable System Guideline

Design Creation

1. Create your Nios II processor project using Quartus II and Qsys.
2. Ensure the Generic Quad SPI Controller IP is added into your Qsys system. Refer to the diagram

below for IP connection in Qsys.
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. . .
Figure 77: Connection for Generic Quad SPI Controller IP
Use Connections MName Description Export Clock
B sys_clk Clock Source
= clk_in Clock Input sys_clk exported
= clk_in_reset Reset Input reset
clk Clock Output sys_clk
clk_reset Reset Outpur
EIE nios2_gen2_0 Mios | Processar
clk Clock Input sys_pli_c2
reset Feset Input [clk]
data_rnaster Awalon Memory Mapped Master [cIk]
instruction_master Ayalon Memaory Mapped Master [clk]
irg Interrupt Receiver [cIk]
debug_reset_reguest Feset Qutput [clk]
debug_rmem_slawe Analon Merory Mapped Slave [cIk]
Custom_instruction_master Custom Instruction Master
E cock_bridge_1 Clock Bricge
> in_clk Clock Input gspi_controller_in_clk |expored
out_clk. Clock Output clock_frid...
EIIL] generic_quad_spi_controller_.0  [altera Generic QUAD SPI control
clock_sink, Clock nput clock_brid...
reset Reset Input [clock_sink]
awl_csr Ayalon Memary Mapped Slave [clock_sink]
aul_mern Aualon Mermory Mapped Slawe [clock_sink]
interrupt_sender Interrupt Sender [clock_sink]
= flash_dataout Conciuit ext_flash_flash_dataout
< flash_dclk_out Conduit ext_flash_flash_dclk_...
o flash_ncs Conciuit ext_flash_flash_ncs

3. Ensure Altera Dual Configuration IP is instantiated in your Qsys system to enable dual images

configuration.

Note: The maximum input clock for Generic Quad SPI Controller IP is 25 MHz. The input clock must
not exceed this maximum value.

Qsys Settings

1. In the Nios IT 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 4a (19017 QSPI flash OCRAM/ External RAM
Option 4b1® QSPI flash QSPI flash
Option 5 QSPI flash OCRAM/ External RAM

(19 ) You can set the exception vector for Boot Option 4 to OCRAM/ External RAM (Option 4a) or QSPI Flash
(Option 4b) according to your design preference.
(17 Boot option 4a which sets exception vector memory to OCRAM/External RAM is recommended to make

the interrupt processing faster.
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Figure 78: Nios Il Parameter Editor Settings Boot Option 4a and 5

Note: mem_if_ddr3_emif_0.avl is the external memory (DDR3) used in this example.

E Parameters &%
System: ghrd_10m50daf434ctges  Path: cpu

Nios II Processor
altera_nios2_gen2

Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

- Reset Vector

Reset vector memary: generic_gquad_spi_controller_0.avl_mem
Reset vector offset: Ox00000000
Reset vector: 014000000

~ Exception Vector

Exception vector memory: mem_if_ddr3_emif_0.avl hd .
Exception vector oftset: 0x00000120
Exception wector: Ox03000120

Figure 79: Nios |l Parameter Editor Settings Boot Option 4b

J@ Parameters &%
System: ghrd_10m50daf4a84ceges  Path: cpu

Nios II Processor
altera_nios2_gen2

Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

- Reset Vector

Reset vector memary: generic_quad_spi_controller_D.avl_mem -
Reset vector offset: 0x00000000
Reset vector: 0314000000

= Exception Vector

Exception vector memory: generic_guad_spi_contraller_0.avl_mem - |
Exception vector nf'-ﬁet: 0x00000120
Exception vector: Ox 14000120

2. There are two Nios II application data (HEX file) stored into the QSPI for supporting dual configura-
tion images. Reset vector memory offset has to set correctly for the configuration images to call up the
correct HEX data.

3. Set Reset vector memory offset of the Nios II Processor in first Qsys design to address 0x00000000.

4. Set Reset vector memory offset of the Nios II Processor in second Qsys design to another address to
avoid overlapping. For example: Address 0x02000000 which is half of the QSPI memory size (512Mb).
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Figure 80: Reset Vector Offset Setting for First Qsys design

43 Parameters 83
ystem: ghrd_10m50daf484c6ges  Path: cpu

Nios Il Processor
altera_nios2 _gen2

" Main | Vectors | Caches and Memory interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features |

1
[* Reset Vector

Reset vector memory. generic_guad_spi_controlier_0.av_mem i'!
| Reset vector offset: |0x00000000]

. UX14000000

|~ Exception Veclor

Exception vector memory; lmem_if_ddrlemif_o.avl 'l‘

Exception wector offset: 000000120 |

Exception vector: Ox08000120

Figure 81: Reset Vector Offset Setting for Second Qsys design

|hsl Parameters :23.|
ystem: ghrd_1omSOdaf484ceges  Path: cpu

Nios Il Processor
altera_nins2 _gen2
| Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MML and MPU Settings | JTAG Debug | Advanced Features |
[ Reset Vector
Reset vector memary. _
I Reset wector offset: xoz 000000
Feset wector: 0x16000000
~ Exception Vector
Exception vector memory. mem_if_ddrs _emif_o.a |vJ
Exception vector offset. 0x00000120
Exception vector: 0x08000120

5. Open Altera Generic Quad SPI controller parameter editor. Change the Configuration device type to
the QSPI flash selection and make sure the I/O mode is set to QUAD.
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Figure 82: Altera Generic Quad SPI Controller Parameter Settings

JIE Parameters &0
System: ghrd_10m50daf484ctges  Path: generic_guad_spi_controller_0

Altera Generic QUAD SPI controller

altera_generic_quad_spi_controller

|" Parameters
Configuration device type: | N250512A83G5F40F -
Choose If0 mode: QUAD +
Mumber of Chip Selects used: |

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

Quartus Il Software Settings

1. In the Quartus II software, click on Assignment -> Device -> Device and Pin Options -> Configura-
tion. Set Configuration mode to Dual Compressed Images.
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Figure 83: Configuration Mode Selection in Quartus Il Software

Device and Pin Options - RemoteUpdate

Category:

General

Programming Files
Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
I/ Timing

Voltage

Pin Placement

Error Detection CRC
CwP Settings

Partial Reconfiguration

Configuration

Configuration

Specify the device configuration scheme and the configuration device.

Configuration scheme: |Interna| Configuration j

|Ccnfiguraticn mode: |Dua| Compressed Images (512Kbits UFM) jl

Configuration device

| Auto j

™ Use configuration device:
Device Options ... ‘

Configuration device I/O voltage: | j

[~ Force WCCIO to be compatible with configuration /O 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 ‘

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.

Related Information
Programming Hardware Design POF File into the MAX10 FPGA on page 83

BSP Editor Settings

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

1.

2,
3.
4.

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.

Altera Corporation
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Figure 84: BSP Editor Settings
Nios Il BSP Editor - /data/KiyapitechcommiMAx 10 Nios boot AN/MAXLO]EVAL VDEMO V6 141 flash/MAXL0 EVAL VDEMO_XIP_DUAL BOOT/softwara/hello_from flash bep/settings. bep = @pg:slsciod
File Edit Tools Help
r Mair rSthware Packages r Drivers r Linker Script r Enable File Ceneration r/Target BSP Directory
SOPC Information file: /. NIOSI_M10.sapcinfo
CPU name: NIOSZ_GENZ
Cperating system: Altera HAL “ersion:
B3P target directory:  fdata/tcluifwork/dallas /MAXLIO_EWAL WDEMO WE_141 flash/MAXLO_EWAL WDEMO /software/hello_from_flash_bsp
?Semngs R A T P e T P s e SR
¢ Common H Ik _ti £
sys_clk_timer: =
¢ Advanced : timestamp_timer:
¢ hal §g [rone [~
may_file_descriptors : stdin: JTAG_UART =
enakle_instruction_related_exceptions_api i
Ing_port stoiout ITAG_UART =
enable_exit i
enable_clean_exit : stderr: ITAG_UART =
enable_runtime_stack_checking §§ -
enahle_c_plus_plus i i
enable_lightweight _device_driver_api ; St B eareRy
enable_mul_div_emulation [] enahle_gprof
ES;Eﬁ:;l%ﬁéﬁgﬁ;heck enable_reduced_device _drivers
log_flags B [] enable_sim_optimize
& linker E -
allow_code_at_reset F[Eakinker
enable_alt_load : i
enable_alt_lnad_copy_rodata i il il el
enable_alt_load_copy_rwdata i exception_stack_size [1024 |
enable_alt_load_copy_exceptions i
o rake exception_stack_memary_region_narme: =
; [ enahle_interrupt_stack
interrupt_stack_size: |1024 |
: interrupt_stack_memary_region_narne: =
hal.make
i bsp_cflags_debug: [-g |
bsp_cflags_optimization: |—Os |
5. Based on the boot option used, do one of the following:
« For boot option 4a, if exception vector memory is set to OCRAM or External RAM, enable the
following:
o allow_code_at_reset
« enable_alt_load
« enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata
« enable_alt_load_copy_exceptions
« For boot option 4b, if exception vector memory is set to QSPI flash, enable the following:
o allow code_at_reset
o enable_alt_load
o enable_alt_load_copy_rodata
« enable_alt_load_copy_rwdata
« For boot option 5, leave all the hal linker settings unchecked.
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Figure 85: Advanced.hal.linker Settings for Boot Option 4a

BSP Editor - settings.bsp (on pg-iccf0295) Zi|Elx

File Edit Tools Help

Main r/ Software Packages r Drivers r/ Linker 3cript r Enable File Generation r Target B3P Directory |

SOPC Information file:  .././OnChip.sopcinfo
CPU name: niosz_genz_0
Operating system: Altera HAL Wersion: ﬂ
BSPtarget directory: Jdatajmmtan/MAXI0/RemoteIpdate_restoredfsoftware fhelloWaorld_ledBlink_bzp

TATETT 5T - - -l
¢ make
b=p_cflags_debug

hal.linker

allow_code_at_reset

bEp_cflags_optimization enable_alt_load

enable_ali_load_copy_rodata

mayx_file_descriptars
enable_instruction_related_exceptions_a
log_port
enable_exit
enable_clean_exit
enable_runtime_stack_checking
enakle_c_plus_plus
enable_lightweight_device_driver_api
anable_mul_div_emulation
enakle_sopc_sysid_check
custom_newlib_flags
I00_flags

o= linker

o= make |

4] Il [ 1

enable_alt_load_copy_nwvdata

enable_alt_load_copy_exceptions

Figure 86: Advanced.hal.linker Settings for Boot Option 4b

= BSP Editor - settings.bsp (on pg-iccf0238) sl i
File Edit Tools Help

(" Main | Software Packages | Drivers | Linker Script | Enable File Generation | Target BSP Directory |

SOPC Information file: . /../Image0_nlos.sopcinfo
CPUname: nios2_gen2_0

Operating system: Altera HAL Version

BEPtarget directory: Jdata/mmtan/MAX10/NIOSI Imaged/sofware/led_blinking_bsp

TETTPLSTEE “TEQOMCIEMTE LT ] haldinker
¢ make

bsp_cflags_debug

Bbsp_cflags_optimization [#] enable_al_load

allow_code_at_resat

¢ ’idv::fw [¥] enable_al_load_copy_rodata
max_file_descriptors enable_alt_load_copy_rwdata
enable_instruction_related_exceptions_ap
log_port [ enable_ah_load_copy_exceptions
enable_exit .
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
o linker
& rmake
< I I
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Figure 87: Advanced.hal.linker Settings for Boot Option 5

File

b 4 BESP Editor - settings.bsp =@ pg-nxext0005=
Edit

Toals

Help

77

BSP Editor Settings

[ Main | Software Packages |  Drivers | Linker Script | Enable File Generation |* Target ESP Directory

SOPC Infarmation file:

A MIDSN_ML0 sapcinfo

CPU name: MIOS2_CEMZ

Operating system: Altera HAL

BEP target directory.

version: [dtoat [

Fdata/mmtan MAXLO/MAXL0_EVAL WVDEMO_15_1/software fled_blink_test_bsp

LSy - R By ) -

¢ Advanced

¢ hal
rrax _file_descriptors

enable_instruction_related_exceptions_a

log_port

enable_exit

enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus

enable_lightweight _device_driver_api

enable_mul_div_emulation

enable_sopc_sysid_check

custom _newlib_flags

log_flags

?

allovy_ code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata

enable_alt_load_copy.exceptions

o= rmake

1]

-

I

- |

hallinker
allow_code_at_reset
|| enakle_al_load
[] enahle_alt_load_copy_rocata
[ ] enable_alt_load_copy_rwdata

[ lenable_alt_load_copy_exceptions

HEN ]

| ¥

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 4a and 4b, set the .text item in the Linker Section Name to the QSPI 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 5, 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 88: Linker Region Settings for Boot Option 4a and 4b
L4 B5P Editor - settings_bsp < @pg-icci284>
File Edit Tools Help
( Main | Software Packages | Drivers | Linker Script r Enable File Ceneration | Target BSP Directory
Linker Section Mappings
Linker Section Name = Linker Region Name Memory Dewice Name ], Add... |
men_iT_ddr3_emiT O em_iT_ddr3_emiT O | Remove...
‘ F ddrY paif O i nea | Restore Defaults.. |
lel:'i f:ddrB:El'i f:O | El:‘i f:ddrB_ 1'1‘:0
men_iT_ddr3_emif 0 em_iT_ddr3_emiT 0
men_if_ddr3_emif 0 pen_if_ddr3_emif O
men_iT_ddr3_emif_0 en_iT_ddr3_emif_0
lgeneric_quad_spi_controller 0... [eneric_quad spi_controller 0_avi_mes
Linker Memory Regions
Linker Region Name | Address Range = Memory Device Name Size (byte,,: Offzet (UVLL Add...
generic_guad_spi_controller_0_avl_mes 10x16000020 - 0x17... |generic_guad spi_controllier_O... | 33554400, 33554464 Emove
reset 1016000000 — Ox16... |[generic_quad_spi_controller_O... 32| 33554432 R T
meneric_guad_spi_controller_0_avl_mes_BE... |0x14000000 - Ox15... |generic_guad spi_controller_0O... | 33554432 ok - .
men_iT_ddr3_emiT O {0x0B000120 — OxOF. .. [mem_iT_ddr3 emiT 0O (13421} 288
men_iT_ddr3_eaiT_0_BEFORE_EXCEPTION 10x08000000 - 0x08 en_iT_ddri_emiT 0 288 of Add Memory Device.
Th_ram 1k 10X00000000 — 0x00... Th_ram 1k 1024] 0 §
| Memory Usage...
1 Memory Map_
Figure 89: Linker Region Settings for Boot Option 5
L% B5P Editor - settings_bsp < @pg iccf02B4>
File. Edit Tools Help
I{ Main | Softeare Packages | Drivers || Linker Script ; Enable File Generation | Target BSP Directory
Linker Section Mappings
Linker Section Mame & Linker Region Name Memory Dewice Name Add...
men_iT_ddr3_emif 0 emove
) E — . Rectors Defauits
Inen_i7_ddr3_emit. 0 men_iT_ddr3_emit0
men_iT_ddr3_emif 0 mep_iT_ddr3_eaif_ 0
|men_iT_ddr3_emifT_0 mem_iT_ddr3_emif_0
men_iT_ddr3_emif 0 men_iT_ddr3_eaif_ 0
lmem_if ddr3 ewif O imen it ddr3 emif O
Linker Memory Regions
1 Linker Region Name Address Range ~ Memory Device Name Size (bytes) Offset (bytes) ] Add...
ext_flash_av]_mem 0x16000020. - Ox17FFFFFF  |ext_flash_avl_mem 33554400/ 33554484 Remove
reset 0x16000000 - 0x1600001F |ext_Tlash_avl_mem 32 33554432 Restore Defaults
ext_Tl1ash_av]_mes_BEFORE_RESET 0x14000000. - Ox15FFFFFF  |ext_Tlash_avl_mem 33554432 O — !
men_iT_ddr3 emitT O 0x0B000120° ~ OxOFFFFFFF  |mem_iT_ddr3 emif O 134217440 288
men_iT_ddr3_emiT_O_BEFORE_EXCEPTION 008000000 - 0x0800011F |mem_i1T_ddr3_emiT 0O 288 0F Add Memory Device...
th_ram 1k 1 0x00000000 — Ox000003FF [th ram 1k 1024] 0 ove Memory [
Memory Usage... |
Memory Map...
HEX File Generation
Note: The following steps apply to both first and second Nios II applications.
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 90: 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; <OCRAM_name>.hex and <QSPIFlash_
name>.hex. Use <QSPIFlash_name>.hex for boot option 4 and 5 as you are booting from QSPI flash,
not from OCRAM.

Hardware Programmer Object File (.pof) Generation

1. In Quartus II, click on Convert Programming Files (.pof) from the File tab.

2. Choose Programmer Object File as Programming file type.

Set Mode to Internal Configuration.

Change the File name to the desired path and name.

Under Input files to convert, select Page_0 and click on Add File button on the right.

Browse to the first .sof file and click OK.

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 .sof file to add into Page_1.

9. Click Generate to create the .pof file.

NS e

®
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Figure 91: SOF to POF Files Conversion Settings
File Tools Window wrch alt m
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 ‘ngrammer Object File (pof) j
Options/Boot info... | Configuration device ‘ PCEL J Mode Internal Configuration j
File name: ‘ I.THW_POF/SOF2POF pof _‘
Advanced. | Remote/Local update difference file: NONE J
W Create Memory Map File (Generate SOF2POF map)
™ Creat P files (Generate SOF2POF periphpot and SOF2POF. core b
[~ Create config data RPD (Generate SOF2POF_auto rpd)
™ Create Fault Injection File (Generate F2POF fif)
Input files to convert
File/Data area Properties Start Address x Dat
- SOF Data Page_0 <auto> i Sof
QSPI_first sot 1OM50DAF4B4ES Adosoia 'J"
= SOF Data Page_1 <auto> Add File
QSPI_second.sof 1OMS0DAFABAES
Remo
Up
Down
Propertie
Qenerate | Close Help
Related Information

Programming Hardware Design POF File into the MAX10 FPGA on page 83

Software Programmer Object File (.pof) Generation

Important: The quartus.ini file with PGV O_SWAP_HEX_BYTE_DATA=ON content is required to byteswap
the programming file during the POF generation. Please create the quartus.ini file or use the
quartus.ini available in the related information and place it under Quartus II tool directory
or project directory before you proceed.

1. In Quartus II, click on Convert Programming Files (.pof) from the File tab.
2. Choose Programmer Object File as Programming file type.
3. Set Mode to 1-bit Passive Serial.
4. Set Configuration device to CFI_512Mb.
5. Change the File name to the desired path and name.
6. Remove the SOF Page_0.
7. Click on Add HEX Data, choose the HEX file generated in HEX Generation section. Select Absolute
Addressing and click OK.
8. Repeat Step 7 to add second HEX file.
9. Click Generate to create the .pof file.
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Figure 92: HEX to POF file Conversion Settings

f¥4 Convert Programming File Standard Edition - /data/mmtan/MAX1U/AN730 151 05P] updatelghrd_10m50dafdBackges top/srcighrd_10m50dafa8ackges top - ghrd_10m50datABAckges top <@ pg-iccfiZs

Eile Tools Window

Specily the input files to convert and the type of programming file o 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 |ngrammaf Object File ( pof) j
Options/Boot info... Configuration device: [cFi_s12Mb =] Mode: 1-bit Passive Serial =]
File name: I I _ISW_POF/hex2poi poi
Advanced Remote/Local update difference file: NONE J
¥ Create Memory Map File (Generate hexZpoimap)
I~ Cre P G 2 per xZpof.core.rbf
r
Input files to convert
File/Data area | Properties | Start Address | Add Hex Data
= Hex Data Relative addressing 0x02000000 P
ext_flash hex 20l Page
S8 Hex Data. Absolute addressing 0x00000000 e
ext _flash.hex =
Remove
Down
Properties
Generate Close Help
Related Information

Quartus.ini file

POF file Programming into QSPI flash
1. Programming Parallel Flash Loader into MAX10 Device

Note: You need to program the parallel flash loader into the MAX 10 device before programming the
QSPI flash.

a. Create Parallel Flash Loader for MAX 10 FPGA in the Quartus II. Assign QSPI pins based on your
design. Compile the project to obtain max10_qpfl.sof file.

Open Quartus II programmer from the Quartus II tool (Tools -> Programmer).

Make sure the Hardware Setup is set to USB blaster.

Click on Auto Detect, select your MAX10 FPGA and select OK.

Right click on the MAX 10 FPGA and select Edit -> Change File. Choose the max_qpfl.sof file.
Check MAX 10 device under Program/Configure and click Start to start programming.

Click on Auto Detect after max10_qpfl.sof is successfully programmed. Click Yes if you are asked
to overwrite the existing settings. A new QSPI flash device will be shown on the screen.

B "o an o
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Figure 93: Programming Parallel Flash Loader Programmer Settings
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2. Programming HEX image into QSPI Flash
a. Right click on the QSPI device and select Edit -> Change File. Choose the generated POF file from
Software POF Generation section.

b. Check the HEX file under Program/Configure column and click Start to start programming.
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Figure 94: HEX Image Programming into QSPI Flash
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Programming Hardware Design POF File into the MAX10 FPGA

1. After you successfully programmed HEX data into Quad SPI flash, right click on the MAX 10 FPGA
and select Edit -> Change File. Choose the hardware POF file generated from Hardware POF
Generation section.

2. Check the MAX10's CFMO0 and UFM under Program/Configure column and click Start to start
programming.
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Figure 95: POF Image Programming into QSPI Flash
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Related Information

o Quartus II Software Settings on page 73
« Hardware Programmer Object File (.pof) Generation on page 79

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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Summary of Nios Il Processor Vector Configurations and BSP Settings

Table 11: 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

85

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 Enable allow_code_at_reset in | Make sure all Linker

Option 3:

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

Settings.Advanced.hal.linker
and other settings are left
unchecked.

Sections are set to
OCRAM
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Boot Option Reset Exception BSP Editor Setting: BSP Editor Setting:
Vector Vector Settings.Advanced.hal.linker Linker Script
Configura- | Configuration
tion
Option 4: QSPIflash | ; ocraM/ |lf the exception vector memory |, get text Linker
. External |18 set to OCRAM/ External Section to QSPI
Nlols IT processor RAM. or | RAM, enable the following Flash
application executes ’ e s .
: 2. QSPI ng . o Set other Linker
gla sphlace from QSPI Flash Settings.Advanced.hal.linker: Sections(heap, .r
o allow_code_at_reset wdata, .rodata, .
o enable_alt load bss, .stack) to
 enable_alt_load_copy_rodata OCRAM/
 enable_alt_load_copy_rwdata el
« enable_alt_load_copy_
exceptions
If the exception vector memory
is set to QSPI Flash, enable the
following settings in
Settings.Advanced.hal.linker:
o allow_code_at_reset
o enable_alt load
 enable_alt_load_copy_rodata
 enable_alt_load_copy_rwdata
Option 5: QSPI flash | OCRAM/ Make sure all settings in Make sure all Linker
External Settings.Advanced.hal.linker Sections are set to
Nios IT processor RAM are left unchecked OCRAM/ External
application copied RAM
from QSPI flash to
RAM using boot
copier

Appendix A: Booting Elements

All Nios II processor boot options introduced in this application note use the following booting elements
to create the necessary boot files:

o The memcpy-based boot copier

o The alt_load function

o The Nios II SBT "make mem_init_generate" target
» The Convert Programming Files feature

Nios Il Processor Memcpy-based Boot Copier

The Nios II processor memcpy-based boot copier has the following features:
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The alt_load() function 87

« Supports EPCQ, CFI, QSPI and Altera On-chip Flash (UFM) flash memories
o Locates software application in the memory

« Unpacks and copies software application image to RAM

o Automatically switches to application code in RAM after copy completes

The memcpy-based boot copier is used to support boot option 2 and 5. 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 or QSPI 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 96: 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 >

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 12: BSP Settings and the alt_load() Functions

hal.linker.enable_alt_load ‘ enable alt_load() function
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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 II 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 and 4 the generated HEX file contains ELF loadable section.
« For boot option 2 and 5, 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 .sof and a HEX file into a single .pof file
for programming into the Altera On-chip Flash.

Appendix B: Boot Time Performance Analysis

Altera performed a boot time performance analysis for MAX 10 FPGA based on several use cases. This
section provides guidance on how to reduce Nios II boot time in MAX10 design and boot time estimation
based on performance analysis. You can use the information in this section as a guideline when designing
your custom design.
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Appendix B: Boot Time Performance Analysis

Figure 97: Boot Time Performance Analysis Design Block Diagram

89

Diagram shows the design was being used to run the MAX 10 FPGA boot time performance analysis. The
Nios II processor was configured with special settings for some of the use cases.
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Regardless of the boot device, there are only 2 types of boot methods:

1. Nios II processor application execute-in-place.

> DDR3

2. Nios II processor application copied from boot device to RAM using boot copier.

For boot performance analysis, the Nios II processor application sizes varies between 10kB to 64kB.

Boot Time Performance Analysis Design Example
The design example was tested on MAX10 10M50 Development Kit (Rev B) on ACDS 15.0 Build 145.

The design example boots from the Altera On-chip Flash (UFM). If you want to boot from other boot
memory device, you have to change the reset vector and BSP settings according to Table 11.

Related Information

Boot Time Performance Analysis Design Example
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Boot Time Measurement Strategy

The boot time measurement was done using a boot time performance counter. The boot time counter
starts when Nios II comes out of reset and the system will start the boot sequence according to the selected
boot options:

1. Nios II processor application execute-in-place:

o The Alt_load() function copies data sections (.rodata, .rwdata , .exceptions) from boot memory to
RAM.

o The code section (.text) remains in the boot memory.

« Automatically jump to the user generated application code in the boot memory after copy
completed.

« Run system/ driver initialization (alt_main).
2. Nios II processor application copied from boot device to RAM using boot copier:

« Bootcopier locates the software application in the boot memory and copies the software application
to RAM.

« Automatically jump to the user generated application code in the RAM after copy completed.

« Run system/ driver initialization (alt_main).

The boot time counter is controlled through software and it will stop once the driver initialization
completes.

Figure 98: Boot Time Measurement

Nios Il Reset Edge ~ r———g-———=========---—- >Start Boot Time Counter
Detection | 0. Reset |
l | 1. Processor jumps to reset vector (boot code start) |
- Bootcopier start and | 2. Boot code initializes the processor |
“copy data” (dependin
oy ~( 1 - 3. Boot code initializes the application code/data memory space/data |
on boot options) .
Boot Time
» Drivers initialization | 4. Application code may be copied to another memory location |
(alt_main)
l | 5. Boot code initializes all the system peripherals with HAL drivers (alt_main) |
| 6. Entry to main |
void main ( void )
{ | 7. Stop boot time counter |
IOWR (BOOT_TIME_

COUNTER_BASE, 0,0) fm— = mmmmmm >Stop Boot Time Counter

Reducing Nios Il Boot Time in MAX 10 FPGA Design

There are a few elements that you can consider to improve the Nios II boot time in MAX10 designs. Based
on the Nios II Boot Time analysis that Altera has performed, the following subsections can be referred to
for general guidance.
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Boot Methods
1. Nios II application boot time for execute-in-place is faster than using a boot copy/run from RAM
based boot (due to the time taken to copy the code to RAM being much longer than the time gained by
the higher performance when running from RAM instead of ROM).
2. The boot copier method is recommended for systems that require higher performance. Although this

configuration takes longer to boot, it delivers higher application performance compared to an execute-
in-place configuration.

Boot Device Performance

1.

For Nios II application execute-in-place, different boot devices will have different boot times based on
their individual memory performance.

The following shows the performance for the supported boot device in MAX 10 FPGAs, when Nios II
applications execute-in-place:

Figure 99: Supported Boot Device Performance

Fastest Slowest

On-chip Memory On-chip Flash
(OCRAM) >> (UFM) >> QSPI Flash

Peripheral Initialization

Nios II systems initialize all HAL peripherals before main() by default, therefore the boot time has a
dependency on the peripherals selected. Peripherals that are slow to initialize or have external dependen-
cies, will increase the boot time and potentially make it less deterministic. If this occurs, you need to
calibrate the external memory such as DDR3 for it to work properly.

DDR3 is an example of a peripheral where the initialization time is significant in comparison to the boot
time. The calibration time is long particularly when compared to boot times for execute-in-place boot
configurations. The calibration time will significantly impact Nios II application that execute-in-place.

To avoid this, in execute-in-place boot configurations, remove the external memory from the Nios II
linker region if it is not in use. If size is not an issue, you can choose to use OCRAM. If you are confident
working with Nios II software, another option is to remove the DDR3 initialization routine from the boot
code and initialize the memory later-once the application code has started running.

Nios Il Processor Caches

Nios Il Processor Booting Methods in MAX 10 FPGA Devices

1. Enable Nios II processor caches. Caches improve the boot time because the data and instruction caches
reduce memory bandwidth limitations during the boot sequence.

2. You can add caches to your Nios II hardware configuration for both execute-in-place or bootcopier
boot methods to improve boot time.
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Figure 100: Nios Il Design Block Diagram with Processor Caches Enabled

System Speed
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> DDR3

Using Nios II processor with higher clock speed improves the boot time. For example, you can increase
the Nios II processor speed from 75 Mhz to 125 MHz.
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Figure 101: Nios Il Design Block Diagram with Higher System Speed
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MAX 10 FPGA Nios Il Flash Accelerator

Enable the Nios II flash accelerator when system resets from the MAX 10 FPGA on-chip flash to improve
the boot time.
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Boot Time Performance and Estimation

Figure 102: Nios Il Design Block Diagram with Flash Accelerator Enabled
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Related Information

AN-740: Nios II Flash Accelerator Using MAX 10

Boot Time Performance and Estimation

> DDR3

Boot Time Performance for Design that Boots from On Chip Flash with Flash Accelerator

The following bar graphs show the boot time performance for designs that boot from on-chip flash
(application code stored in on-chip flash) with and without the flash accelerator (FA) unit. Three

scenarios have been evaluated:

1. Design with EMIF that runs from external memory DDR3 (using boot copier).
2. Design without EMIF that runs from on-chip memory (using boot copier)
3. Design without EMIF that runs from on-chip flash (execute in-place)

Note: None of the designs include an instruction or data cache.
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Figure 103: Summary of Boot Times for Designs that Boot from On-Chip Flash with or without Flash
Accelerator
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Figure 104: Boot Time for Design with EMIF that runs from External Memory (DDR3)
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The boot time was reduced by ~20% and ~44% for 9 kB and 32 kB application sizes respectively when the
Nios II FA is enabled. Larger application sizes will result in longer boot times because the code has to be
copied from the on-chip flash to the external memory during the boot process. Overall, the boot time for
the scenario where the boot code is running from the external memory is the slowest. This is due to the
long time taken by external memory calibration during system boot up and the time taken to copy the
application code to external memory.
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Figure 105: Boot Time for Design without EMIF that runs from On-Chip Memory
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The boot time was reduced by ~77% and ~76% for 9 kB and 32 kB application sizes respectively when the
Nios II FA is enabled. Running the boot code from the on-chip memory is faster than running from
external memory because the on-chip memory does not need to go through memory calibration during
system boot up. Additionally, access time to the on-chip memory are faster than those for external DDR3
memory.
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Figure 106: Boot Time for Design without EMIF that runs from On-Chip Flash (Execute In-Place)
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The boot time was reduced by ~78% and ~77% for 9 kB and 32 kB application sizes respectively when the
Nios II FA is enabled. Running the boot code from the on-chip flash (excute in-place) is faster than
running from external memory and on-chip memory. This is because the code executes in-place directly
from the on-chip flash and does not need to be copied into the external memory or on-chip memory for
execution which saves a lot of time.

Boot Time Estimation

The tables below show estimates of boot time for different MAX 10 FPGA boot configurations. The boot
time shown will help you to gauge the boot configuration required for your system design.

Note: « Instruction or data cache and flash accelerator are not enabled in the design.
« Boot time values are based on design with 75 MHz Nios II processor speed.
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Table 13: Boot Time Estimation on Execute-in-place test cases

Boot Time Estimation 29

Boot Time Counter (Approximate
Nios Il Clock cycles)'®)

Boot Time
(millisecond)

On Chip Flash 41,000 0.55
Design without :
External Memory On Chip Memory 18,000 0.24
QSPI Flash 410,000 55
On Chip Flash 2,000,000 27
Design with .
External Memory On Chip Memory 2,000,000 27
QSPI Flash 2,300,000 31
Table 14: Boot Time Estimation on Boot Copier test cases
Test Case Boot from Boot Time Counter Boot Time
(Clock cycle)'? (millisecond)
Design without On Chip Flash On Chip Memory 2,800,000 37
External Memory | Quad SPI Flash On Chip Memory 28,000,000 370
External Memory 4,700,000 63
On Chip Flash
Design with On Chip Memory 2,800,000 37
External Memory External Memory 30,000,000 400
Quad SPI Flash
On Chip Memory 30,000,000 400

(18 Boot time counter is applicable to all software application (.elf) sizes.
(%) Boot time counter is for every 32kB .elf size.
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Table 15: Document Revision History
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2016.05.24

T T

May 2016

2016.05.24

Updated Configuration and Booting Flow figures for all boot
options.

Updated BSP Editor Settings for Boot option 3.

Updated Summary of Nios II Processor Vector Configurations and
BSP Settings table.

Updated Programming Hardware Design POF File into the
MAX10 FPGA step for Boot option 4 and 5 dual compressed
images.

Added note in Programmer Object File (.pof) Generation for Boot
option 3.

November 2015

2015.11.19

Added Boot Time Performance for Design that Boots from On
Chip Flash with Flash Accelerator subsection.

September 2015

2015.09.15

Replaced MAX 10 FPGA Nios II Design Boot Time Estimation
and Guidance with Boot Time Performance Analysis and
Estimation section.

Restructure boot options and flow by combining boot options
and guidelines.
Added Boot option 4 and boot option 5 supporting QSPI.

Added Boot Time Performance Analysis design example
information and link.

June 2015

2015.06.15

Added MAX 10 FPGA Nios II Design Boot Time Estimation and
Guidance section containing boot time performance analysis.
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 IT Processor
Booting Options Using On-chip Flash.

Added OCRAM size in UFM and CFM Array Size table.

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.
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