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1 Nios II Processor Booting Methods in MAX 10 FPGA
Devices

1.1 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® II 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:

e Configuration Flash Memory (CFM)—store the hardware configuration data for MAX
10 FPGAs.

e User Flash Memory (UFM)—stores the user data or software applications.

1.2 Abbreviations

Table 1. List of Abbreviations
Abbreviation Description
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
SBT Software Build Tools
SOF/. sof SRAM Object File
continued...

1 An ASCII text file with the extension of .hex that stores the initial memory values for a
memory block.
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Abbreviation Description
SPI Serial Parallel Interface
UART Universal asynchronous receiver/transmitter
UFM User Flash Memory
XIP Execute In Place

1.3 Prerequisite

You are required to have the knowledge of instantiating and developing a Nios II
processor based system. Intel 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 Links

e Nios II Gen2 Hardware Development Tutorial.
A step-by-step procedure to build a Nios II Gen2 processor system.

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

1.4 MAX 10 FPGA On-chip Flash Overview

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

e Read or write accesses to UFM and CFM sectors using the Avalon MM data and
control slave interface.

e Supports page erase, sector erase and sector write.

e Simulation model for UFM read / write accesses using various EDA simulation tool.

Table 2. On-chip Flash Regions in MAX 10 FPGA Devices
Flash Regions Functionality
Configuration Flash Memory (sectors CFM0-2) FPGA configuration file storage
User Flash Memory (sectors UFM0-1) 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
Configuration Mode CFM22 | CFM12 CFMO
Dual images Compressed Image 2 Compressed Image 1
Single uncompressed image UFM3 | 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 UFM3

| 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 II software. The Nios II
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 II Processor
Use Connections Mame Description
= ck_0 Clack Source
C— dk_in Clock Input
- dk_in_reset Reset Input
e dk Clock Qutput
—_——— clk_reset Reset Cutput
= [Q nios2_gen2_0 Mios II Processor
L ck Clock Input
L reset Reset Input
— data_master Avalon Memary Mapped Master
— instruction_master Avalon Memory Mapped Master
irg Interrupt Receiver
debug_reset_request  |[Reset Cutput
—pr— debug_mem_slave Avalon Memary Mapped Slave
custom_instruction_m... (Custom Instruction Master
B onchip_flash_0 Altera On-Chip Flash
[ dk Clock Input
L nreset Reset Input
I: data Avalon Memory Mapped Slave
csr Avalon Memory Mapped Slave

Related Links

¢ MAX 10 FPGA Configuration User Guide
e MAX 10 User Flash Memory User Guide

2 Sector is NOT supported in 10M02 device.

3 The CFM sector is configured as virtual UFM.
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1.4.1 MAX 10 FPGA On-chip Flash

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

e UFMO
e UFM1
e CFMO
e CFM1
e CFM2

Important facts about UFM and CFM sectors:
e CFM sectors are intended for configuration (bitstream) data (*.pof) storage.
e You can store user data in the UFM sectors.

e Certain devices do not have a UFM1 sector. You can refer to Table 4 on page 6
for available sectors in each individual MAX 10 FPGA device.

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

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

e 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.
evice foose persetor Page | cor Flash | Configuratio | OCRAM
UFM1 UFMO CFM2 CFM1 CFMO A Memory n Memory B

(KbIt) | gize (Kbit)? | size (Kbit) | (KPIt)

10M02 3 3 0 0 34 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

1.4.2 ERAM Preload Option

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

4 The maximum possible value, which is dependent on the configuration mode you select.
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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.

1.5 Nios II Processor Boot Options and Guidelines

There are 5 Nios II processor boot options available.

Table 5. Nios II Processor Boot Options
Boot Option Applicati Application Boot Supported Configuration
on Code Runtime Location Method Mode
Storage
Option 1: UFM UFM (XIP) + alt_load () e Single Uncompressed
Nios II processor application executes OCRAM/ External function Image
in-place from Altera On-chip Flash RAM (for data) Single Compressed
(UFM) Image
e Dual Compressed Images
Option 2: UFM OCRAM/ External memcpy- e Single Uncompressed
Nios II processor application copied RAM based boot Image
from UFM to RAM using boot copier copier e Single Compressed
Image
e Dual Compressed Images
Option 3: OCRAM OCRAM No boot e Single uncompressed
Nios II processor application executes copier is image with Memory
in-place from OCRAM required Initialization
¢ Single compressed image
with Memory
Initialization
Option 4: QSPI flash | QSPI (XIP) + alt_load() e Single Uncompressed
Nios II processor application executes OCRAM/ External function Image
in-place from QSPI flash RAM (for data) e Single Compressed
Image
e Dual Compressed Images
Option 5: QSPI flash | OCRAM/ External memcpy- e Single Uncompressed
Nios II processor application copied RAM based boot Image
from QSPI flash to RAM using boot copier e Single Compressed
copier Image
e Dual Compressed Images

1.5.1 Boot Option 1 and Option 2

Boot Option 1: Nios II 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 (. r odat a, . rwdat a, or . excepti ons) from boot memory to RAM
based on the BSP settings. The code section (. t ext ), which is a read only section,

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Figure 2.

Table 6.

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.

Boot Option 1 Block Diagram

.POF

FPGA Data
.SOF

SOF
(FM 172

Nios Il Software
.HEX

User
Software

Alt_load

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 . obj dunp file, created when you build your application.

RAM Size Requirement ROM Size Requirement

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

Boot Option 2: Nios II Processor Application Copied from UFM to RAM using
Boot Copier

Intel 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.

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Figure 3. Boot Option 2 Block Diagram
.POF
SOF = FPGA Data
a1z | SOF
Nios Il Software
User - HEX
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 . obj dunp file, created when you build your application.
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 memory
size required by user program.

Executable code and boot copier must not exceed the size
of the UFM.

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Figure 4. Configuration and Booting Flow for Option 1 and Option 2

Design
« Create your Nios |1 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 II « 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 |1 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 Links

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

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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1.5.1.1 Single Uncompressed/Compressed Image Bootable System Guideline

1.5.1.1.1 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 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 II Parameter Editor Settings Boot Option 1a and 2

Nios Il Processor

altera_nios2 _gen2 Details
Main [ Vectors r/ Caches and Mermory Interfaces r/AﬂthmE\IE Instructions r MMU and MPU Settings r JTAG Debug rAdWﬂEEE! Features [
~ Reset Vector
Reset vector memaony ‘Dﬂ(mp’ﬂashiﬁ data |v‘
Tecet vector oreet (0200000000
Reset vector: 0x00200000
~ Exception Veclor | |
Exception vectar mermory: ‘Dmchip,memDNZ,O 51 |v‘ I
Exception vecior offset, ‘0;{00000020
Exception veclar: 0x00420020
~ Fast TLE Miss Exception Vector r
Fast TLB Miss Exception wector memary. ‘ | ‘
Fast TLB Miss Exception wvectar offset
Fast TLB Miss Exception vector: Qx00000000
Figure 6. Nios II Parameter Editor Settings Boot Option 1b
Nios Il Processor
altera_nios2 _gen2 Details
W Wectors r/ Caches and Mermory Interfaces rArI(hmEll[ Instructions r MMU and MPU Settings rJTAC Debug rAd\mnEEd Features B
~ Reset Vector
Reset vactor mermory. ‘Dn(hlp,ﬂash,ﬂ data |V|
Recet vaclor offset 0300000000
Reset vector, 0x00200000
I~ Exception Vector
Exception vector memaory: ‘Dn(mp_ﬂa;h_o data |v|
HCEPLn vactor offsel |0x00000020
Exception vector: 0x00200020
~ Fast TLB Miss Exception Vector T
Fast TLB Miss Exception vector memnrv‘ | |
Fast TLB Miss Exception vector offset:
Fast TLB Miss Exception vector: Qx00000000

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

5 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.

6 Boot option 1la which sets exception vector memory to OCRAM or External RAM is
recommended to make the interrupt processing faster.

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Figure 7. Configuration Mode Selection in Altera On-Chip Flash Parameter Editor
Messages 3% | (8 Parameters 5 Address Map %3 | System Contents 52 | Interconnect Requirements 52 =
System: OnChip  Path: onchip_flash_0
Altera On-Chip Flash
altera_onchip_flash Details
~ Parameters =
Data interface: Parallel | w
Read burst mode: Incrementing :
Read burst caunt: g i
[~ Configuration Mode
Configuration Scheme: J |
Configuration Mode: Single Uncompressed Image =
" AEC T Duzl Compressed Images
Sector ID Access Micingle Compressed Image i
1 Read only _|[single Uncompressed Image with Memory Initialization
2 Read and writd|ingie Compressed Image with Memory Initialization
H Read and writ
4 Read and write 0%70000 - 0xb7Tff CFM
5 Read and write 0xbB000 - 0% 157 CFM =
1]
[~ Clock Source
Clock frequency. MHz
The on-chip flash megafunction will be run with 30000000 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: ]
The on-chip flash is not initialized during device programming. -

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

Options to program
UFM data

Method Settings in Altera On-Chip Flash IP

Option 1: Initialize the
UFM data in the SOF

Quartus II includes the UFM
initialization data in the SOF during
compilation. SOF recompilation is
needed if there are changes in the
UFM data.

a. Check Initialize flash content

b. If default path is used, add nemi ni t . qi p generated
during “make mem_init_generate” into Quartus II
project. Refer to Figure 9 on page 13.

Make sure the generated HEX naming matches the
default naming.

c. 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
programming files conversion. SOF
recompilation is NOT needed even
if there are changes in the UFM
data.

Uncheck Initialize flash content

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

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Figure 9.

Figure 10.

Initialize Flash Contents with Default Initialization File

intel.

altera_onchip_flash

Messages &2 m! Parameters 23] Address Map | System Contents 2 ‘ Interconnect Requirements & ‘ = [=f =)
System: OnChip  Path: onchip_flash_0
Altera On-Chip Flash
Details

Data interface: Farallel | =
Read burst mocle: Incrementing i
Read burst count: 3 i

[r

|~ Configuration Mode

Configuration Scherne

Configuration Mode: Single Uncompressed Image ‘V‘

[~ Flash Memory

Sector ID Access Mode Address Mapping Type
1 Read only 000000 - OxDTIT UFM
2 Read and write 0x08000 - OxOffff LIFM
2 Read and write 0x 10000 - Ox&ffff UFM
4 Read and write 0x70000 - Oxb 7T CFM
5 Read and write 0xbB000 - 0151 CFM

[-]

[ Clock Source

Clock frequency; MHz

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

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

alized from "OnChip_onchip_flash_0.hex”
tialized from "OnChip_onchip_flash_0.dat” for simulation

The on-chip flash will b
The on-chip flash will be i

O]

Adding neni ni t. gi p File in Quartus II

Settings - RemoteUpdate

Category:

Libraries

IP Settings project directory to the project.

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

IP Catalog Search Locations

Design Templates File name: [software/helloWorld_ledBlink/mem_init/meminit gip

e

= Operating Settings and Conditic

Ilerary ‘Des’\gn Entr Add Al

Incremental Compilation
-l EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
=i 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
S5N Analyzer

<None> Remove
Up
Down
Properties

: File Name |Type
Voltage
' Temperature +-MMTan/synthesis/OnChip qgip IP Variation File ([ gip) <None>
= Compilation Process Settings RemoteUpdate.v Verilog HDL File
stpl stp SignalTap Il Logic Analyzer File =<None>

i

Help

Cancel | Apply

I R | OK|

Initialize Flash Content with Non-default Initialization File

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
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Messages 9% | B3 Parameters 98 | Address Map 92 | Systern Contents %% | Interconnect Requirements =
System: OnChip _Path: onchip_flash_0
Altera On-Chip Flash

io

altera_onchip_flash Deails
Paraler|~ -
Read burst mode: Incramenting :
Read hurst count; 5 : [
[ Configuration Mode
Configuration Scheme: | ‘ ‘
Configuration Mode: [singie Uncompressedt mage [~]
[~ Flash Memory
Sector ID Arcess Mode Address Mapping Type
1 Read only 0x00000 - 0xO7fT UFH
2 Read and write 0x08000 - 0x it uFw
z Read and write 0K10000 - Ox T UFH
4 Read and write OXP0000 ~ Oxbi7ffT (el
5 Read and write 0xbBO0O - OxLSfT RV
LI .
[~ Clock Source
Clock frequency. MHz
The on-chip flash megafunction will be run with 50000000 Hz clock frequency.
~ Flash
Initialize flash content
Enafile non-ciefaut initialization file|
User created hex or mif file [#ddata/mmtan/MA¥10/Remstelpdate_restored) software /hellaWorld_ledBlink/mem_init/snchip_flash_0.hex [
User created dat file for simulation: [fdata/mmtan/M AX10,Remotelpdate. restored/ softwarehelloWiorld ledBlink/mem_init/hdl_sim /onchip. flash_0.dat [
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.hax"
The on-chip flash will be initialized from "/ data/ mmtan/ MAXL0/ RemoteUpdate_restoredsoftware/ helloWorld_ledBlink/mem_init/hdl_sim/onchip_flash_0.dat” for simulation L

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.

CSR Connection to Nios II dat a_nast er

E onchip_flash_D

clk

nreset

data

Csr

B I nios?_gen2_0
clk

reset

data_master
instruction_master

—
irg
lr—< debug_reset_recquest

debug_mem_slawe
| ‘ custom_instruction_master

Altera On-Chip Flash

Clock Input

Feset Input

Avalon Memory Mapped Slave
Avalon Memory Mapped Slave
Mios Il Processar

Clock Input

FEeset Input

Aovalon Memory Mapped Master
Avalon Memory Mapped Master
Interrupt Receiver

Feset Qutput

Avvalon Memory Mapped Slave
Custam Instruction Master

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

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

Related Links
HEX File Generation on page 19

1.5.1.1.2 Quartus II Software Settings

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

Image or Single Compressed Image.8

8 The size of UFM shown will vary according to your device selection.
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Figure 12. Configuration Mode Selection in Quartus II Software

Device and Pin Options - RemoteUpdate

Category:

General Configuration

Configuration

Prograrnming Files Specify the device configuration scheme and the configuration device

Unused Pins

Dual-Purpose Pins Configuration scheme: ‘Internal Configuration j

Sapzc$‘“e LT;"(;"? Configuration mode:  |[Single Uncompressed Image (3584Kbits UFM) ~
oard Trace Mode

1fO Timing Configuration device | Dual Compressed Images (512Kbits UFM)

Voltage Single Compressed Image (5888Khits UFM)

Pin Placement single Compressed Image with M... Initialization (512Kbits UFM)

Error Detection CRC | QEVELRL Il | Single Uncompressed Image (3584Kbits UFM)

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

Partial Reconfigurat
artiat Recontiguration Configuration device /O voltage: | j

™ Force VCCIO to be compatible with configuration I/Q voltage

¥ Generate compressed bitstreams

Active serial clock source j

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

Description:

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

Reset

oK | Cancel‘ Help |

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

€ 14740 Configuration Hode parameter on atom "ufm_block" is inconsistent with Quartus IT project setting.
0 14740 MAY address parameter on atom "ufm_block" is inconsistent with Quartus IT project setting.

o x| Cuartus IT 54 -Bit Fitter was unsuccessful. 2 errors, 0 warnings
0 293001 Quartus II Full Compilation was unsuccessful. 4 errors, 10 warnings

N ]

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

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

Related Links
HEX File Generation on page 19

1.5.1.1.3 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.

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.
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Figure 13. BSP Editor Settings

{7 W0+ 11 B57 Editor - /aataikiya prtschcommiMAx L0 Nios boot ANMAXLO_EVAL VDEMO V6 141 fia sh/MAXL0_EVAL VDEMO_XIP DUAL BOOT/softwrarelallo_from fiash_bepisettings.bsp =@ pg-siscio="7

File Edit Tools Help

7 Main f Software Packages | Drivers | Linker Script | Enable File Generatian | Target BSP Directory

SOPC Information file: /. /MIOSI_M10.s0pcinfo
CPU name:  MIOS2_CENZ

Operating system: Altera HAL version: [default [+

BSP target directory: Jdata teiul nrky dallas MAXLO_EVAL VDEMO_V6_141_flash /WMAX10_EVAL WDEMO,/software fhello_from_flash_bsp

9 Settings hal

¢ sys._clk_timer, fnare [+
o= hal

[ ;;nvsnlceu timestamp_timer. none =
al

max_file_descriptors stdin TAG_UART =
enahle_instruction_related_exceptions_api -

log_pant stelout: JTAG_UAR
enable_exit -
enahle_clean_exit stelerr: -TAC UART
enable_runtime_stack_checking J - :
enable_c_plus_plus v| enahle_small_c_librar

enahle_lightweight _device_driver_api - T "

enahle_mul_div_ermulation [[] enable_gprof
enahle_sopc_sysid_check

TS e enahle_recurer!_device_drivers

¢ }ng,ﬂags [ enable_sim_optimize
inker
allow_code_at_reset hal.linker

enable_ah_load
enable_alt_load_copy_rodata [ enable_exception stack

enable_alt_load_copy_redata exception_stack_size: 024
enable_alt_load_copy_exceptions

? exception_stack_memory_region_name:  [oncHIP_ RAM 32K =

[[] enable_interrupt_stack

|

interrupt_stack_size: ’10247

interrupt_stack_mermony_region_name: :
hal.make

hsp_cflags_debua -a

hisp_cflags_optimization e

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

— For boot option 1a, if exception vector memory is set to OCRAM or External
RAM, enable the following:

— 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 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.
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Figure 14.

Figure 15.

File Edit Toaols Help

Advanced.hal.linker Settings for Boot Option 1a

Editor - settings.bsp (on pg-iccf0295)

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

SOPC Information file: ./..fOnChip.sapcinfa
CPU name: nios2_genz_0
Operating system: Altera HAL

Wersion: |default

BSP target directory: fdata/mmtanfMAX10/Rem oteUpdate_restored /software /helloworld_ledBlink_bsp

@ make
bsp_cflags_debug
bsp._cflags_nptimization
¢ Advanced
¢ hal
rnax_file_descriptors
enable_instruction_related_exceptions_ap
log_part
enable_exit
enable_clean_exit il
enable_runtime_stack_thacking
enable_c_plus_plus
enable_lightweight _cevice _driver_api
enable_mul_div_emulation L
enable_sopc_sysid_check
custom_newlib_flags
10g.flags
o= linker
o maks

[4]

ker

allow_code_at_reset
nable_alt_load
nzble_alt_load_copy_rodata
nable_alt_load_copy_rwdata

nable_alt_load_copy_exceptions

File Edit To Help

Advanced.hal.linker Settings for Boot Option 1b

Editor - settings.bsp (on pg

0238)

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

SOPC Information file: /.. /Imagen_nios. sopeinfo
CPUname: nios2_genz_0
Operating system: Altera HAL

Version:

BSP target directory: /datajmmtan/MAX10/MIOSIImage0/software/led_blinking_bsp

TS TR TPy T g
9 make
bsp_cflags_debug
bsp_cflags_optimization
¥ Advanced
¢ hal

max_file_descriptors
enable_instruction_related_exceptions_aj
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

o linker

o rnake

4] I |

hallinker
allow_code_at_reset
enable_alt _load
[¥] enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
[ enable_al_load_copy_exceptions
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Figure 16. Advanced.hal.linker Settings for Boot Option 2

" BSP Editor - settings. bsp =@pg
File Edit Tools Help
Main [ Software Packages r Drivers r Linker Script rEnabIe File Generation rTargel BSP Directory

SOPC Information file: JoAMIOSH_M10 sopcinfo
CPU name, MNIOSZ_CENZ

Cperating system; Altera HAL Version: n

BSPtarget directary. Jdatafmmtan/MAXLO0/MAXLO_EVAL VDEMO_15_1fsoftware/led_blink_test_bsp

(S5 Skt iek e = e o ~[7| TS
@ Advancec i
9 hal [w] allowi_code_at_reset

max_file_descriptors
enable_instruction_related_exceptions_aj : [l enable_al_load
log_port
enable_exit i [ ] enable_alt_load_copy_rodata
enable_clean_exit [[] enable_alt _lnad_copy. rvdata
enable_runtime_stack_checking A
enable_c_plus_plus i [ ] enable_alt_load_copy_exceptions

enable_lightweight _dewvice_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check o
custom_newlib_flags
log_flags
?
allow_code_at_reset =|
enable_alt_load H
enable_alt_load_copy_rodata
enakle_alt_load_copy_rwdata
enable_alt_load_copy_exceptions
o= make
4 Il |1

1l [

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 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 1a and 1b

settings.bsp (on pg-iccf0295)

File Edit Tools Help

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

Linker Section Mappings

Linker Section Name = Linker Region Name Memory Device Hame Add...
.hss onchip_menory2_0 onchip_memory2_0 Remove.
Lentry reset onchip_flash_0_data Restore Defaults..
. exCepTions onchip_ienory2_0 onchi p_nenory2_o
. heap onchip_menory2_0 onchip_nemory2_0
. rodata onchip_nenory2_0 onchip_menory2_0
. rwdata onchip_menary2_0 onchip_nenory2_0
Lstack onchip_menory2_0 onchip_memory2_0
.text lonchip_flash_0_dara onchip_flash_0_data

Linker Memory Regions

Linker Region Name Address Range v Memary Device Mame Size (bytes) Offset (bytes) Add
onchip_memory2_0 0x00420020 - Ox0043DFFF  |onchip_menory2_0 122848 32| Remove...
onchip_memnory2_0_BEFORE_EXCEFTION 0300420000 - 0x0042001F  |onchip_menory2_0 32 0 Restore Defaults
onchip_flash_0_data Q00200020 - 0xQ03SFFFF  |onchip_flash_0_data 1441780/ 32
reset 0x00200000 - 0x0020001F |onchin flash O_data 32| 0l

Add Memaory Dewice...

Remowe Memary Device

Memory Usage

Memary Map..
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Figure 18. Linker Region Settings for Boot Option 2

File Edit Toolz Help

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

Linker Section Mappings

Main | Software Packages | Drivers [* Linker Script | Enable File Generatian | Target BSF Directory |

Linker Section Mame &

Linker Region Nams

onchip_memory2_0

onchip_menory2_0

Linker Memory Regions

Mem ory Device Hame Add

. bss onchip_memory2_0 onchip_nemary2_0 Remove...
Lentry reset onchip_f1ash_o_data e e
. EXCEpTiOns onchip_memo ry2_0 onchip_memory2_0

.heap onchip_memory2_0 onchip_memary2_0

. rodata onchip_memory2_0 onchip_nemory2_0

. rwdata onchip_memory2_0 onchip_nenory2_o

Lstack onchip_memory2_0 onchip_memory2_0

.text

Linker Region Hame Address Range = Memory Device Name Size (hytes) Offset (bytes) Add...
lonChi p_maia ry2_0 0x00420020 - OXOO43DFFF  |onchip_nenary2_o 122848 33 Remove.
onchip_memory2_O_BEFORE_EXCEPTION Ox00420000 - 0x0042001F  |onchip_memory2 0 32 0 Festore Defaults
onchip_flash_0O_data Q00200020 - 0x0035FFFF  |onchip_flash_0_data 1441760 32
reset Ox00200000 - 0x0020001F |onchin flash O data 32| [s)

Add Memary Device

Remove Memory Device...

Memaory Usage

Mermory Map...

1.5.1.1.4 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.
Click Build to generate the HEX file.
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Figure 19. Selecting mem_init_generate in Make Targets

Make Targets

Make Targets for: testing

Target Location l Add... l

| @ oy .
(@ mem_init_install
@ mem_init_generate

® hek

Cancel H Build J

5. The “mem_init_generate” macro will create two HEX files; <on_chi p_ram hex>
and <on_chi p_fl ash. hex>. The <on_chi p_ram hex> will be used for boot
option 3 and <on_chi p_f | ash. hex> is used for boot option 1 and 2.

Notes: « The mem_i ni t _gener at e target also generates a Quartus II IP file
(memi ni t. gi p). Quartus II software will refer to the meminit. qi p
for the location of the initialization files.

e 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 Links

e (Qsys Settings on page 11

e Quartus II Software Settings on page 14
1.5.1.1.5 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.

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices
20



1 Nios II Processor Booting Methods in MAX 10 FPGA Devices

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 ‘

Output programming file

Programming file type [Programmer Object File (.por)

Options/Boot info... Configuration device [ercEs | |Mcde

Internal Configuration =

File name [output_file pof

Advanced Remote/Local update difference file: [none

W Create Memory Map File (Generate output_file.map)
I~ Create CVP files (Generate output file periph por and output_file core rbr)

I Create config data RPD (Generate output_file_auto rpd)

Input files to convert

Ll

File/Data area Properties Start Address

SOF Data Page_0 <auto>

Add Hex Data

Add File...
Remove

Up

__ g

Properties |

=]

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

one of the following:

— If Initialize flash content is checked, the UFM initialization data was
included in the SOF during Quartus II compilation. Select Page_0 for UFM

source: option. Click OK and proceed to next step.

— If Initialize flash content is not checked, choose Load memory file for
UFM source: option. Browse to the generated Altera On-chip Flash HEX file
(on_chi p_f I ash. 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: |[[{EERSe] 57

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 available

Security
[ Verify protect

™ Allow encrypted POF only

Dual Config

™ Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Page_0

File path: |

[ L

Description:

Specifies device Power On Reset (POR) scheme.

le)
-~

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

-

™Y Max 10 Device Options =@ pg-slscfid= = | »

Power On Reset scheme: Instant ON j
¥ Enable user I/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

[T Enable watchdog

Watch value: |

User Flash Memory

UFM source: |Luad memaory file

File path: |-|C-I‘|_-"|‘|‘|r:|T|_i|'|it-"L‘-au: kup/MAX10 FLASH 163 hex

oK Cancel

L L A

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

File Tools Window

[ Convert Programming File - idata/kiya pitachcomm/MAx 10 Nios boot ANMAXL0, EVAL VDEMO V5. 141 flash/MAX10_EVAL VDEMO XIP_DUAL BOOT/top - op =@ p:sIscfo 771/ 1 7

Conversion setup files

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

1.5.1.2 Dual Compressed Images Bootable System Guideline

1.5.1.2.1 Qsys Settings

Open Conversion Setup Data. Save Conversion Setup ‘
Output programming file
Programming file type [Programmer Object File (pof) |
| options/Boot info | configuration device [Erceas ~] mode [internal Conriguration  ~]
File name [output_file-pof =]
Advanced Remote/Local update difference file [none |
¥ Create Memory Map File (Generate output_file.map)
I~ Create CvP files (Generate output_file periph.pof and output_file.core rbf)
I~ Create config data RPD (Generate output_file_auto.rpd)
Input files to convert
File/Data area I Properties [ start Address | Add Hex Data
= SOF Data Page_0 <auto> e
SET
Add File
Remove
up
Down
Properties

Generate | Close Help

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 1a°10 | 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

9 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.

10 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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Figure 24.

Figure 25.

Nios Il Processor
altera_nios2_gen2

Nios II Parameter Editor Settings Boot Option 1a and 2

Details
Main [ Vectars r Caches and Memary Interfaces rmwthmelit Instructions r MMU and MPU Settings r |TAG Debug rAdvanted Features B
~ Reset Vector
Reset vector memary. ‘unchip,flash,o data |v‘
TRETER wetir o 10300000000
Raset vectar. 0x00200000
~ EXception Vector | |
Exception vector memory. ‘nn[mp_memnr\/Z_O sl |v‘ I
FAropnon venor oaet |ox0n000020
Exception vector: 0x00420020
[~ Fast TLB Miss Exception Vector r
Fast TLB Miss EXCEption wactar memary. ‘ | ‘
Fast TLE Miss Exception wvector offset
Fast TLE Miss Exception vecior: 0x00000000
Nios II Parameter Editor Settings Boot Option 1b
Nios Il Processor -
altera_nios2_gen2 Selals
Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features
~ Reset Vector

Reset vector memaony.

‘unchin,flash,O.da(a

|'|

—
Reset vaclor offset; |0¥00000000
Reset wector: Q¥00200000

I~ Exception Vector

Exception vector memory. ‘unchip,flash,O.dala

|'|

!H(EPUUH wector offset ‘0)(00000020
Exception vactor: 0x00200020

~ Fast TLE Miss Exception Vector

Fast TLB Miss Exception wvector ITIEH’IDN‘

Fast TLB Miss Exception vector offset

Fast TLE Miss Exception vector, 0x00000000

Dual Compressed Images.

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

Refer to the following table for the options to program UFM data (HEX file) and

settings required in Altera On-chip Flash IP.

Options to program
UFM data

Method

Settings in Altera On-Chip Flash IP

Option 1: Initialize the
UFM data in the SOF

Quartus II includes the UFM
initialization data in the SOF during
compilation. SOF recompilation is
needed if there are changes in the
UFM data.

a. Check Initialize flash content

b. If default path is used, add memi ni t. gi p generated
during “make mem_init_generate” into Quartus II
project. Refer to Figure 27 on page 26.

Make sure the generated HEX naming matches the
default naming.

c. 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 11

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

if there are changes in the UFM
data.

Uncheck Initialize flash content
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Figure 26. Dual Compressed Images Mode with initialize flash content Turned-on

Messages & |5§ Parameters 33] Address Map €3| System Contents &3 ‘ Intercannect Requirements €3| e |
System: OnChip _Path: onchip_flash_0

Altera On-Chip Flash

altera_onchip_flash Details

Data interface Parallel | - L
Read burst mace Incrementing :
Rea burst count: £ :

[~ Confi ion Mode
Configuration Scheme: [ T-]

COTEEID [MOEE ‘Dual Comprassad Images |v‘ I
[~ Flash Memory
Sector ID Arress Mode Address Mapping Type
1 Read only 0300000 - 0x07fff LIFM
2 Read and write (0308000 ~ 0xOffff LFM
3 Read and write 03 LOOO0 — 0xEFIT CFM (Image 2)
al Read and write 0K 70000 - 0xp 7T CFM (Image 2)
5 Read and write OxbB000 - Ox 1S CFM (Image 1)

(]

[~ 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 hey or mif fils:

]|

User created dat file for simulation:

The on-chip flash will be
The on- chip flash will be

alized from "OnChip_onchip_flash_0.hex"
alized from "OnChip_onchip_flash_0.dat” for simulation |

Figure 27. Adding neminit. qi p File in Quartus II

RemoteUpdate

Category

Files

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

Libraries
- IP Settings project directory to the project.
IP Catalog Search Locations
Design Templates File name: [software/helloWorld_ledBlink/mem_init/meminit.qip Add ‘
-1 Operating Settings and Conditic z
Voltage File Name Type JL\brary |De5|gn Entr Add Al
Temperature + MMTan/synthesis/OnChip.gip IP Variation File (.qip) <None=>
- Compilation Process Settings RemoteUpdate v Werilog HDL File <None=> Remove
Incremental Compilation stpl.stp SignalTap Il Logic Analyzer File <Nones>

EDA Tool Settings Up

Design Entry/Synthesis

Simulation Down

Formal Verification

Board-Level Properties
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

11 This is the recommended method for application developer. You are not required to recompile
SOF file for application changes during development.
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Figure 28. Dual compressed Images with Non-default Initialization File Enabled

Messages ¢ |63l Parameters 23 | Address Map 0| System Contents 22 | Interconnect Requirements 53 = [z i=]
System: OnChip__Path: onchin_flash_0
Altera On-Chip Flash

altera_onchip_flash Details
T ncrementing | =
Read hurst count

[ ion Mode L

Configuration Scheme, I [=]

Configuration Mode.

[bual Compressed Images [~]
[~ Flash Memary
Sector ID Access Mode Address Mapping Type

1 Read only 0100000 - 0x07fFf UFM

2 Read and write 0x08000 - Ox0ffif UFM

3 Read and write 010000 - Ox6fff CFM (Image 2)

4 Read and write 070000 - 0xb 7T CFM (Image 2)

5 Read and write 0xB000 - Ox 151FF CFM (Image 1)

(1]
[ Clock Source T

Clack fraguency: MHz

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

[~ Flash
Initialize flash content

Enable non-clefault initialization file

User created hex or mif file: [datafmmmtan /i ax10/Remotelindate _restored/software,/hellaWorld_ledBlink/mem_init jonchip flash_0.hex [
User created dat flle for simulation: jefatafmrmtan /i AX 10/RemoteUpdate_restared software/hellaWorld_ledglink/merm _inft/hell_sim fonchip flash_0.dat ]
User is required to provide the flash initialization file.
The on- chip flash will be initialized from "/ data/ mmtan/MAX10/ _restored, I_ledElink/mem_init/onchip_flash_0.hex”
The on- chip flash will be initialized from "/ data/mmtan/MAX10/ _restored, I_ledBlink/ mem_init/ hdl_sim/onchip_flash_0.dat” for simulation 4

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

Figure 29. CSR Connection to Nios II dat a_nast er

B onchip_flash_0 Aftera Qn-Chip Flash
clk Clock Input
nreset Feset Input
data Ayalon Memory Mapped Slave
csr Awalon Memory Mapped slave
= Q nios2_gen2_0D Mios Il Processor
clk Clack. Input
reset Feset Input
cata_master Awalon Memory Mapped Master
— ¢ instruction_master Lwalon Memory Mapped Master
(—> irgy Interrupt Receier
(—< debug_reset_request Feset Qutput
debug_mem_slave Awalon Memary 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.

Specify output file generation options, and then click Generate.
Related Links
HEX File Generation on page 32
1.5.1.2.2 Quartus II Software Settings

1. In the Quartus II software, click on Assignment -> Device -> Device and Pin
Options -> Configuration. Set Configuration mode to Dual Compressed
Images.!2

12 The size of UFM sector will vary according to your device selection.
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Figure 30. Dual Compressed Images Configuration Mode in Quartus II

Device and Pin Options - RemoteUpdate

Category

General Configuration
Configuration

Programming Files
Unused Pins

Specify the device configuration scheme and the configuration device

Dual-Purpose Pins Configuration scheme: [internal Configuration |
Capacitive Loading |Conﬂguratmn mode:  [Dual Compressed Images (512Kbits UFM) jl
Board Trace Model =

110 Timing Configuration device

Voltage

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

CwP Settings Device Options .. ‘

Partial Reconfiguration
9 Configuration device /O voltage: | j

[ Force VCCIO to be compatible with configuration /O voltage

¥ Generate compressed bitstreams

Active serial clock source: j

[T 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.

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

e ) Quartus TT 64-Bit Fitter was unsuccessful. 2 errors, 0 warnings
0 293001 Quartus IT Full Compilation was unsuccessful. 4 errors, 10 warnings

N 1

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

Related Links
HEX File Generation on page 32

1.5.1.2.3 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.

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.
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Figure 31.

BSP Editor Settings

Hios Il BSP Edftor - /data/klyapltachcommiMAx 10 Nios boot ANMAX10_EVAL VDEMD V6 141 _fiash/MAX10_EVAL VDEMO_XIP DUAL BOOT/=oftwaraihello_from flash_bsplsettings. Bep = @pa-s15croa= 7

File Edit Tools Help

" Main r Softuare Packages | Drivers |  Linker Script | Enable File Generation | Target BSP Directary

SOPC Informatian file: £, /MIOSI_M10.sopcinfo
CPUname: NIOS2_GENZ
Operating system: ARera HAL
BSPtarget directory: Jdara/tciul work) dallas MAXLO_EVAL VDEMO_V6_141_flash/MAX10_EVAL VDEMO/ softnare fhllo_from_flash_bsp

wersion: [default [~]

g Serttings

$
o= hal

¢ Advanced
¢ hal

max_file_descriptors
enable_instruction_related_exceptions_api
log_pont
enable_exit
enable_clean_exit
enablle_runtirme_stack_checking
enabile_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div_amulation
enable_sopc_sysid_check
custom_newlib_flags
log_flags
¢ linker
allow_code_at_reset
enable_ah_load
enable_alt_load_copy_rodata
enabile_alt_|oad_comy_rwdata
enable_alt_lDad_copy_exceptions
o= make

°| hal

sys_clk_timer

timestamp_timer:

stfin

stogut:

stolerr:

enable_small_c_library

[] enable_gpraf
enable_reduced_device_drivers

: [ enable_sim_optimize
:| hallinker

[] enable_exception_stack,
exception_stack_size

exception_stack_memory._region_name

[[J enable_imerrupt _stack
imerrupt_stack_size:

interrupt_stack_memony_region_name

‘| hakmake
bsp_cllags_debug

bsp_cflags_optimization

|

024

ONCHIP_RAM 32K [ =]

024

ONCHP_RaM 32K [ =]

it}

|

|

-0s

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

— For boot option 1a, if exception vector memory is set to OCRAM or External
RAM, enable the following:

enable_alt_load

allow_code_at_reset

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:

enable_alt_load

allow_code_at_reset

enable_alt_load_copy_rodata

enable_alt_load_copy_rwdata

— For boot option 2, leave all the hal.linker settings unchecked.
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Figure 32. Advanced.hal.linker Settings for Boot Option 1a

B

Editor - settings.bsp (on pg-iccf0295)

File Edit Tools Help

(" main r Software Packages | Drivers | Linker script | Enable File Ceneration | Target BSP Directory |

SORC Infarmatian file: .f.fONChip.sopcinfa
CPURame: nins2_gen2_0

Operating system: ARera HAL version:

BSP target directory: fdata/mmtan/MAX10/Remotellpdate_restoredy/software /helloworld_ledBlink_bsp

TMTEFFLET - - - =| || halLlinker
¢ make N
bsp_cflags_debug
bsp.cflags_optimization
@ Acwanced
@ hal

allowy_code_ar_reset

nakle_al_load
nable_all_|oad_copy_rodata

max_file_descriptors
enable_instruction_related_exceptions_a)
log_part
enable_exit
enable_clean_exit =
enabla_runtime_stack_checking
enable_c_plus_plus
enable_lightwaight_tevice_driver_api
enabla_mul_ch/_emulation =
enabla_sopc_sysid_check
custom_newlib_flags
I0g_flags

o linker

o make

nable_all_load_copy_rwdata

nable_all_load_copy_exceptions

[«]

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

BSP Editor - settings.bsp (on pg-iccf0238)
File Edit Toals Help

Main [ Software Packages | Drivers [ Linker Script J Enable File Generation | Target 85P Directory |

SORC Information file: ./../lmage0_nios.sopcinfo
CPU name:  nios2_genz_0

Operating system Altera HAL version: [defadlt v |

BSP target directory: /data/mmtan/MAX10/NIOSILImage0/software fled_blinking_bsp

TITET O STat K mmerroTy_reguor_Tare —r =P o

9 make
bsp_cflags_debug allow_code_at_reset
bsp_cflags_optimization [¥] enable_alt_load
¢ ?‘ﬁ:lﬂu [¥] enable_alt_load_copy._rodata
max _file_descriptors enable_alt_load_copy.rwdata
enable_instruction_related_exceptions_aj
log_pon [l enable_alt_load_copy_exceptions
enable_exit

enable_clean_exit i
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight _device_driver_api
enable_mul_div.emulation
enable_sopc_sysid_check
custorn_newlib_flags
log_flags

o linker

o make

< Ii |
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Figure 34. Advanced.hal.linker Settings for Boot Option 2

Ld B5P Editor - settings. bep =@
File Edit Tools Help
hain | Software Packages r Drivers r/ Linker Script r Enable File Ceneration r Target BSP Directory

SOPC Information file: ./ /NIOSI_ML10.s0pcinfo
CPU name: NIOSZ_CENZ

Operating system: Altera HAL Version: u

BSPtarget directary: /data/mmian/MAXLO/MAXLO_EVAL VDEMO_15_1/software/led_blink test_bsp

=E =)o e w3 1) g E| T
¢ Advancec i
@ hal allow_code_at_reset

max_file_descriptors ;
enable_instruction_related_exceptions_ag | - [ enable_alt_load
log_port
enable_exit i [ enable_alt_load_copy_rodata
enable_clean_exit : [[] enable_alt_load_copy.rwdata
enahble_runtime_siack_checking H
enable_c_plus_plus : [l enable_alt_load_copy_exceptions

enakle_lightweight__device_driver_api
enable_mul_div_emulation :
enable_sopc_sysid_check — i
custom_newlib_flags
log_flags

allowe_code_at_reset =|i

enable_alt_load :
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

o= make :

4| Il I KN Il | »

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 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 1a and 1b

BSP Editor - settings.bsp (on pg

File Edit Tools Help

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

Linker Section Mappings

Linker Section Name = Linker Region Name Memory Device Name Add..
_bss onchip_memoryZ_0 anchip_nenoryz_0 Remowe,
LEMLry reset onchip_f1ash_0_data Festore Defaults.
. exCEpTiOnsS onchip_nemo ry2_0 onchip_nenary2_o
heap onchip_memory2_0 onchip_menory2_0
Lrodata onchip_menory2_0 onchip_memoryz_0
. rwdata onchip_memoryZ_0 anchip_nemoryz_0
Lstack onchip_memory2_0 onchip_memoryz_0
.text Ia'vcm p_Tlash_0_dara onchip_flash_0_data

Linker Memory Regions

Linker Region Mame Address Range v Memary Dewice Name Size {bytes) Offset (bytes) Add,
onchip_memory2_0 Qx00420020 - 0x0043DFFF  |onchip_memory2_0 122843 32 Rem owe...
onchip_memory2_0_BEFORE_EXCEFTION 0x00420000 - OX0042001F  |onchip_memary2_0 32] ¢ Restore Defaults
onchip_flash_0_data 0xQ0200020 - 0x0035FFFF  |onchip_flash_0_data 1441760] 32
reset 0x00200000 - 0x0020001F  |onchip_flash_0_data 32 (1]

Add Mem ory Device...

Remove Mem ory Device

Memary Usage

Memary Map.
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Figure 36. Linker Region Settings for Boot Option 2

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

File Edit Tools Help

[ Main |’ Software Packages | Drivers | Linker Seript [ Enable File Generation | Target BSF Directary |
Linker Section Mappings
Linker Section Name & Linker Region Name Memory Device Name Add.
L hss anchip_nenory2_0 onchip_memory2 O Remove.
Lentry reset onchip_flash_0_data Hestore Defaults
. exceptions onchip_nenory2_0 onchip_meno ry2_0
_heap anchip_menoryZ_o onchip_menory2_o
. rodata onchip_memory2_0 onchip_memory2_0
. rudata onchip_nenory2_0 onchip_memory2_o
Lstack onchip_memory2_0 onchip_memory2_0
LTEXT anchip_menory2_0 onchip_mema ry2_0
Linker Memory Regions
Linker Region Name Address Range = Memary Device Hame Size (bytes) Offset (bytes) Add.
anchip_ienary2_o 0¥00420020 - OXOO43DFFF  |onchip_uemary2_0 122845 37 Remove.
onchip_menory2_0_BEFORE_EXCEPTION OHD0420000 - 0x0042001F  |onchip_menory2_0 EF o Restore Defaulis
onchip_flash_0_data Ox00200020 - Ox0035FFFF  |onchip_flash_0_data 1441760] 32|
reset 0xO0200000 - 0x0020001F lonchip flash 0_data 32| 0l
Add Memory Device.
Remove Memary Device.
Memory Lisage
Memary Map...

1.5.1.2.4 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.
Click Build to generate the HEX file.
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Figure 37. Selecting mem_init_generate in Make Targets

| & Make Targets

KI

Make Targets for: testing

Target Location . [ Add. .. l

| @ g .
(& mem_init_install
@ mem_init generate

® hek

Cancel

—

Build

5. The “mem_init_generate” macro will create two HEX files; <on_chi p_ram hex>
and <on_chi p_fl ash. hex>. The <on_chi p_r am hex> will be used for boot
option 3 and <on_chi p_f | ash. hex> is used for boot option 1 and 2.

Notes: ¢ The mem_i nit _gener at e target also generates a Quartus II IP file
(memi ni t. gi p). Quartus II software will refer to the meminit. qi p
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 Links

e (Qsys Settings on page 24

e Quartus II Software Settings on page 27

1.5.1.2.5 Programmer Object File (.pof) Generation

1. In Quartus II, click on Convert Programming Files from the File tab.
2. Choose Programmer Object File as Programming file type:.
3. Set Mode to Internal Configuration.
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Figure 38. 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 |

Output programming file

| Programming file type [Programmer objectFile (por) ]

Options/Boot info.. Configuration device: [erceas | |Mode linternal Conriguration -
File name. [output_file por

L |1 |

Advanced Remote/Local update difference file [nonE

[¥ Create Memory Map File (Generate output_file.map)
I~ Create CvPfiles (Generate ouUtput file periph pof and output file core rbr)

I™ 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..
Remove
up =
Down

properties | | =

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:

— 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_chi p_fl ash. hex) in the File path: and click OK.
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Figure 39.

intel.

Setting Page_0 or Page_1 for UFM Source If Initialize flash content is

Checked

Power On Reset scheme: |Instant ON j
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 j
.
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

i Max 10 Device Options |
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Figure 40. Setting Load Memory File for UFM Source if Initialize flash content is not
Checked

r\i‘ MAX L0 Device Options =@ pg-siscfd

Power On Reset scheme: Instant ON j
¥ Enable user 1/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: |Laad memaory file j

File path: |-|5I‘|_-"|‘|‘|-en'u_irlit-"ba-: kup/MAX10 FLASH 163 .hex

oK Cancel

., 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 automatically. Click Add File... and point to the second generated
Quartus II . sof file to add the . sof file at page_1.

Figure 41. Input Files to Convert in Convert Programming Files for Dual Images Mode
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A Convert Brogramming File - datalkiya pitechcomm/MAx 10 Nios boot ANMAXL0 EVAL VDEMO.V6 1 A1 flash/MAX10,EVAL VDEMO XIR.DUAL BOOT/top - top =@pa-slsctoa 7/ 1171

File Tools Window Search ateracom @
Conversion setup files |
Open Conversion Setup Data Save Conversion Setup ‘
Output programming file
Programming file type: [Programmer Gbject File ( por) -]
Options/Boot info Configuration device EFCEL6 ] Mode: Internal Configuration -
File name [sortwaremelio_from_flash/mem_init/output_file por
Advanced... Remote/Local update difference file [nonE K|
W Create Memory Map File (Generate output_file. map)
I™ Create CvP files (Generate output_file periph pof and output_file core.rbf)
I™ 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 T
top_dual_1st.sof 10MOBSAE144ES =isd
= SOF Data Page_1 <auto> T
top_dual_2nd.sof 10MOSSAEL44ES =
Remove
&
[Generate||  close Help | _|

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

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

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

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

e When you select a configuration mode that does not support ERAM initialization.

e After a soft reset where the memory contents have been modified by the
application and the application code has been corrupted.

Figure 42. Boot Option 3 Block Diagram

.POF
SOF FPGA Data .SOF

- User Nios Il Software
Software HEX
(FM1/2

UFM
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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 | Not applicable for this boot option.
user program.

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.

A
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.

A
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
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.

y
Programming Files Conversion

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

A
Download

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

A
Reset & Boot

+ Reset your MAX 10 device using the reset button or power cycle your hardware.
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1.5.2.1 Single Uncompressed/Compressed Image with Memory Initialization

Guideline

1.5.2.1.1 Qsys Settings

Figure 44.

Figure 45.

1.

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

Nios II Parameter Editor Settings for Boot Option 3

Messages 5% | 68 Parameters 3| Acddress Map 33 | System Contents &8 | Interconnect Requirements 55 = () (=]
System: OnChip__Path: nios2.gen2 0

Nios Il Processor
altera_nios2_gen2 Details

Wectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | |TAG Debug | Achvanced Features

* Reset Vector

Reset vector mermory. onchip_meman2 0.51 -

Reset wectar offset 0x00000000
Reset vector. 0%00420000

~ Exception Vector

Excaption vertor memary: onchip_memany2 0.51 ~

Exception vector offset 0%00000020
Exception vectar: 0x00420020

[~ Fast TLB Miss Exception Vector

Fast TLB Miss Exception vector memory.

Fast TLB Miss Exception vector offset
Fast TLB Miss Exception vector: 0X00000000

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.

Configuration Mode with Memory Initialization Selection and Initialize Flash
Content Setting

3.

Messages 8% | B8 Parameters 3| Acddress Map 82| System Contents 3| Interconnect Requirements 3 -
System: OnChip_Path: onchip_flash_0

Altera On-Chip Flash

altera_onchip_flash Details

Data interface. Farallel |+ C
Read burst mode; Incrementing i 7
Read burst count. & :

Fc Mode
Cornfiguration Scheme =

Configuration Mocle: Single Uncompressed Image with Memary Initialization | w
RFTRILTAr Dual Compressed Images
Uncompressed Image H
Sector ID Access Mdsingle Compressed Image 4
1 Read only Single Uncompressed Image with Mermary Initialization
2 Read and write
Read and write TR IUTUT - U s
4 Read and write 0x70000 - Oxb7fT|CFM
5 Read and write 0x0B000 - ORISIT  |CFM

-]
[~ Clock Source
Clock fraquency: MH2

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

[ Flash Init:

[lnitialize flash content

[ Enable non-default initialization file
User created hex or mif file:

[

User created diat file for simulation:

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

In the Altera On-chip Memory (RAM or ROM) IP parameter editor, check Initialize
flash content. If default path is used, add nemi ni t. qi p generated during
“make mem_init_generate” into Quartus II project. Refer to Figure 47 on page

40. 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 (onchi p_nenory2_0. hex).

Note: The memi ni t. qi p 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 04 |63 parameters 5| Adcress Map 94| System Contems | imerconnect Requirements % | o=
System: OnChip _Path: onchip_memory2_0
On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memory2

Read During Wiite Wade: =

Details

Block type:
[~ size
Data il 2 =
Total memory size 122880 ovtes

[ inimize memory block usage (may impact fmax)

[~ Read 1atency
Slave 51 Latency:

Slave 52 Latency: D]

[~ ROM/RAM Memory Protection ]
Reeset Request Enabled |v

[~ ECC Parameter ]
Extend the clata width 1o support ECC bits: [Disapled |+

[~ Memory initialization ]

Initialize memory coment

[]/Enabsle non-ciefault intiaiization ile
Type the filename (e.g: my.ram hexg or select the hex file using the file browser buttan
User created initialization file: ]
[ Enable In-Syster Memaory Contert Editor feature
Instance D

[ Memory will be initialized from OnChip_onchip_memory2_0.hex | L

Figure 47. Adding nem nit. qi p File into Quartus II

RemoteUpdate

Category

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

Libraries

project directory to the project

- IP Settings

IP Catalog Search Locations
Design Templates File name: [software/helloWorld_ledBlink/mem_init/meminit.qip Add ‘

-1 Operating Settings and Conditic 3
Voltage File Name Type J Library | Design Entr Add Al
Temperature + MMTan/synthesis/OnChip.gip IP Variation File (.qip) <None=>

- Compilation Process Settings RemoteUpdate v Werilog HDL File <=None> Remove

stpl.stp SignalTap Il Logic Analyzer File <None=>

Incremental Compilation

-I-EDA Tool Settings Up
Design Entry/Synthesis
Simulation Down
Formal Verification
Board-Level Properties

- 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

1 | 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 % | (3 Parameters | Address Map 2 | System Contents 52 | Interconnect Reguirements 5% = [k (=)
System: OnChip _Path: onchin_memony2_0

0On-Chip Memory (RAM or ROM)

altera_avalon_onchip__memory2 Details
Read During Write Mode <]
Block type: =

[~ size
Data wichth: =
Total memory size 122880 bytes

[ Minimize memary block usage (may impact fmax)

[~ Read latency

Slave 51 Latency: :
L]

Slawe 52 Latency:

[~ ROM/RAM Memory Protection ]

Reset Request Enabled |+

[ ECC Parameter ]
Extend the ciata width to support ECC bits: ‘D,;amn ‘-‘

~ Memory izati |
Initialize mermary content

Enable non-default initialization file
Tyme the filename (2.g: my.ram.hex) or select the hex file using the file rowser bution
User createdt il [setarajmentan m Undate_restored) /hellatWarlcl_|eclBlink/mem_init/Onchip_onchip_memary2_0.hex |}
[] Enalale In-System Memory Content Eciitar feature
Instance ID:

User is required to provide memory initialization files for memory.
Memory will be initialized from /data/mmtan/MAX10, RemoteUpdate_restored/ software/helloWorld_ledBlink mem_init/ OnChip_onchin_memory2_0.hex

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

Figure 49. CSR Connection to Nios II dat a_nast 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_0 Mios Il Processor
clk Clock Input
reset Feset Input
data_master Awalon Memory Mapped Master
— ¢ instruction_master Ayalon Memory Mapped Master
(—> irg Interrupt Feceiver
(—< debug_reset_request Feset Qutput
debug_mem_slawve Awalon 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.

1.5.2.1.2 Quartus II Software Settings

1. In the Quartus II software, click on Assignment -> Device -> Device and Pin
Options -> Configuration. Set Configuration mode to Single Uncompressed
Image with Memory Initialization or Single Compressed Image with
Memory Initialization.!3

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

&,

Category:

Device and Pin Options - RemoteUpdate x

General

Unused Pins

/O Timing
Voltage
Pin Placement

CvP Settings

Dual-Purpose Pins
Capacitive Loading
Board Trace Model

Error Detection CRC

Partial Reconfiguration

Configuration

Specify the device configuration scheme and the configuration device

Configuration

Programming Files

Configuration scheme: ‘Internal Configuration j

Configuration mode: ‘Smgle Uncompressed Image with Memory Initialization (512Kbi| ~
Configuration device Dual Compressed Images (512Kbits UFM)
Single Compressed Image (5888Khits UFM)

Single Compressed Image with M... Initialization (51 2Kbits UFM)

[T Use configuration d Single Uncompressed Image (3584Kbits UFM)
Single Uncompressed Image with... Initialization (512Kbits UFM)

Configuration device /O voltage: | =l

™ Force VCCIO to be compatible with configuration 1/O voltage

W Generate compressed bitstreams

Active serial clock source j

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

Description

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

Reset

oK ‘ Cancel‘ Help ‘

Notes: o

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.

€ 14740 Configuration lMode parameter on atom "ufm block' is inconsistent with Quartus II project setting.
@ 14740 MAX address parameter on atem "ufm_block" is inconsistent with Quartus II project setting.

- @ Quartus IT 64-Bit Fitter was unsuccessful. 2 errors, 0 warnings
€3 293001 Quartus IT Full Compilation was unsuccessful. 4 errors, 10 warnings

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:

Q

16031 Current Internal Configuration mode does not support memory initialization or ROM. Select Internal Configuration mode with ERAN.
@ 16031 Current Internal Configuration mode does not suppert memory initialization or RON. Select Internal Configuration mode with ERAN.
© 16031 Current Internal Configuration mode SippatE memety ARAE il isation at RN, Select Enbeiasl DonEigiation mbde wiEh KERN.
0 16031 Current Internal Configuration mode support memory initialization or ROM. Select Internal Configuration mode with ERAM.
\i) 21057 Implemented 7144 device resources af thesis - the final resource count might be different
]
L]

* Quartus IT 64-Bit Analysis & Sy successful. 32 errors, 17 warnings
293001 Quartus TT Full Compilati . 34 errors, 17 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.

1.5.2.1.3 BSP Editor Settings

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

options.
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Figure 51.

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.

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.

BSP Editor Settings

Hios Il BSP Editor - /data/kiyapitechcomm/MAx L0 Nios boot AN'MAXL0_EVAL VDEMO V6 141 flash/MAX10_EVAL VDEMO_XIP_DUAL BOOT/software/helio from flash_bsp/settings.bsp =@ pg-slscf0d> "]
File Edit Toals Help
[ Main | Software Packages | Drivers | Linker Seript | Enable File Generation | Target BSP Directory

SOPC Information file: /. fHIOSI_M10.sapcinfo
CPUname: NIDSZ_GEMZ

Gperating system:  Altera HAL version: [default []

BSPtarget directory: /data/tclui work, dallas /MAXLO_EVAL VDEMO_V6_141_flash/MAX10_EVAL VDEMO/ software fhello_from_flash_bsp

¢ Settings :| hal
[ : sys_clk_timer, [rone |
o= hal k =
¢ Advanced : timestamp_timer: none
e | fore
may_file_descriptors i stadin: ITAG_UART :
enable_instruction_related_exceptions_api -
log_port : stelout: TAG_UART =
enable_exit § -
enable_clean_exit : stoerr TAG_UART [+ |
enablle_runtime_stack_checking H >
enable_c_plus_plus - enable_stmall_c_libral
enabile_lightweight_cevice_driver_api E = - -cfbrany
enable_mul_div_emulation : [] enable_gprof

enable_sopc_sysid_check
custom_newlib_flags b
log_flags L [] enable_sim_optimize

¢ linker : =
allow_code_at_reset -| hallinker

enable_alt_load
enable_alt_load_copy_rodata B
enable_alt_load_copy_rwdata : exception_stack_size 024
enable_alt_lDad_copy_exceptions E

o= make : exception_stack_memery_region_name:  [QuNCHIF_RAM 32K =

[] enable_interrupt_stack

enable_reduced_device_drivers

[] enable_exception_stack,

|

irterrupt_stack_size: loz4
; IMterrupt_stack_mermory_region_name :
| natmake

bsp._cflags.debug g

hsp_cflags_optimization: -0s

Enable allow_code_at_reset and leave others unchecked to make sure the
application starts at address 0x00.

intel.

AN 730: Nios II Processor Booting Methods in MAX 10 FPGA Devices

43



] ®
l n te 1 Nios II Processor Booting Methods in MAX 10 FPGA Devices

Figure 52. Advanced.hal.linker Default Settings

File Edit Tools Help
Main Software Packages r Drivers r Linker Script rEnabIe File Ceneration rTargel BSP Directory

SOPC Information file: JoAMIOSH_M10 sopcinfo
CPU name, MNIOSZ_CENZ

Cperating system; Altera HAL Version: n

BSPtarget directary. Jdatafmmtan/MAXLO0/MAXLO_EVAL VDEMO_15_1fsoftware/led_blink_test_bsp

(S5 Skt iek e = e o =il TR
@ Advancec i
9 hal [w] allowi_code_at_reset

max_file_descriptors
enable_instruction_related_exceptions_g : [l enable_al_load
log_port :
enable_exit i [ ] enakle_alt_load_copy_rodata
enable_clean_exit []enable_alt_load_copy._rwdata
enable_runtime_stack_checking 3
enable_c_plus_plus A [l enable_alt_load_copy_exceptions

enable_lightweight _dewvice_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check o
custom_newlib_flags il
lags

allow_code_at_reset =|

enable_alt_load H
enable_alt_load_copy_rodata
enakle_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

o= make hd [

4 Il I Il | »

6. Click on Linker Script tab in the Nios II 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

Main | Software Packages | Drivers [ Linker Seript | Enable File Generation | Target BSP Directory |

Linker Section Mappings

Linker Section Name & Linker Region hame Memary Device Hame Add

hss onchip_menory2_0 onchip_menory2_0 Remove
LBNTEY reset onchip_Tlash_0_data Rectore Defauls...
. exceptions onchip_menory2_0 onchip_menory2_0

. heap anchip_nenory2_0 anchip_menory2_0

_rodata anchip_menory2_o anchip_menory2_0

. rwdata onchip_menory2_0 onchip_menory2_0

.stack onchip_ienory2_o onchip_nenory2_0

Ltext onchip_menory2_0 onchip_menory2 0

Linker Memary Reaions

Linker Region Name Address Range = Memory Device Name Size (bytes) Offset (bytes) Add.
onchip_nemory2_0 0xO0420020 - Ox0043DFFF  |onchip_menory2_0 122848 32 Remove
onchip_menory2_0_BEFORE_EXCEPTION 0x00420000 - 0x0042001F  |onchip_memoryz_0 32 Q Restore Defaults..
onchip_flash_0_data 000200020 - Ox0035FFFF  Jonchip_flash_0_data 1441760 32
reset 0x00200000 - 0x0020001F |onchip_flash_0_data 32 0l

Add Memory Device.

Remove Memory Device.

Memory Usage

Memary Map...

1.5.2.1.4 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 54. Selecting mem_init_generate in Make Targets

| & Make Targets

.x!

Make Targets for: testing

I
| Target Location (| Add...

@ mem_init_install

@ mem_init generate

(& help

Remove

Edit. ..

Cancel l [ Build

5. The “mem_init_generate” macro will create two HEX files; <on_chi p_ram hex>
and <on_chi p_fl ash. hex>. The <on_chi p_r am hex> will be used for boot
option 3 and <on_chi p_f | ash. hex> is used for boot option 1 and 2.

Notes: ¢ The mem_i nit _gener at e target also generates a Quartus II IP file

(memi ni t. gi p). Quartus II software will refer to the meminit. qi p
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.
1.5.2.1.5 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 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.
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Convert Programming File Settings

File Tools Window

Search altera.com @

future use

Conversion setup files

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

Open Conversion Setup Data Save Conversion Setup

Output programming file

| Programming file type

|

[Programmer objectFile (por)

File name

Input files to convert

Options/Boot info. Configuration device: [erce1s =l |Mode [Internal Configuration -

Advanced Remote/Local update difference file: [nonE

[output_file por

L |1 |

[¥ Create Memory Map File (Generate output_file.map)
I~ Create CvPfiles (Generate ouUtput file periph pof and output file core rbr)

I™ Create config data RPD (Generate output_file_auto rpd)

File/Data area

Properties Start Address Add Hex Data

SOF Data

Fagese Sale>. Add 5of Page
Add File...
Remove
up L
Down

Properties

=]

4. Click on Options/Boot info..., the MAX 10 Device Options dialog box appears.

5.

Make sure Page_0 is set as the UFM source: option. Click OK.
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Figure 56. Setting Page_0 for UFM Source

Max 10 Device Options

Power On Reset scheme: [[REERIE8)] 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 available

Security
[~ Verify protect

™ Allow encrypted POF only

Dual Config

[ Enable watchdog

Watch value: |

User Flash Memaory

UFM source: |Page_0

[ 114

File path: |

Description:

Specifies device Power On Reset (POR) scheme.

ok ‘ Cancel

6. In the Convert Programming File dialog box, at the Input files to convert
section, click Add File... and point to the generated Quartus II . sof file to add
the . sof file at page_0.
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Figure 57. Input Files to Convert in Convert Programming Files

Convert Programming Flle - /data/mmtan/MAXL0/RemoteUpdate_restored/RemoteUpdate - RemoteUpdate

File | Tools Window

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

Conversion setup files

Open Conversion Setup Data Save Conversion Setup

Output programming file

Programming file type: [Programmer Object File ( por) |
Options/Boot info Configuration device: [ePcELs ] Mode [internal Configuration <]
File name [output_fie por =]
Advanced Remote/Local update difference file [none =l
I Create Memory Map File (Generate output file.map)
I™ Create CuP files (Generate output_file periph.pof and output._file core.rbf)
I™ 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> e
Image0.sof 10MS0DAFAB4ES 4*
Remove
Up
Down
Properties

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

1.5.3 Boot Option 4 and Option 5

Boot Option 4: Nios II 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 (. t ext),
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.

Table 9.

Boot Option 4 Block Diagram

.POF

.POF
FPGA Data

o SOF

Nios Il Software
.HEX

(Fm1/2

QsPI
Flash

RAM and ROM Size Requirement for Boot Option 4

RAM Size Requirement ROM Size Requirement

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

Option 5: Nios II 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 (. el f ) 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

.POF

Nios Il Software
HEX

2
User

Software

.POF
FPGA Data

& SOF

QsPI
Flash

(FM 172

User

User Software
Software

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

RAM Size Requirement ROM Size Requirement
Equivalent to the executable code and dynamic memory Executable code and boot copier must not exceed the size of
size required by user program. the QSPI flash.
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Figure 60. Configuration and Booting Flow for Option 4 and Option 5

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.

v
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.

Y
BSP Editor Settings

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

Y
Application & Project Recompilation

« Develop Nios Il processor application code.
- Compile Nios Il processor application and generate .hex file using makefile mem_init_generate target.

A
Programming Files Conversion

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

A
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 QSPI flash is detected.
« Program the converted .pof (Nios Il application) into the QSPI flash.

« Program the hardware .pof file (from Quartus Il) into the MAX10 device.

v

Reset & Boot

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

Related Links

MAX 10 FPGA Configuration User Guide, section Remote System Upgrade in Dual
Compressed Images.
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1.5.3.1 Single Uncompressed/Compressed Image Bootable System Guideline

1.5.3.1.1 Design Creation

1.
2.

Figure 61. Connection for Generic Quad SPI Controller IP

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

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

Use Cannections Marne Descriptian Expart Clack
B sys_clk Clock Source
= clk_in Clock Input sys_clk exported
= clk_in_reset Reset Input reset
clk Clock Output sys_clkc
clk_reset Reset Output
B8 nios2_gen2_0 Mios |l Processar
clk Clock Input sys_pll_c2
reset Reset Input [clk]
data_master Awalon Memory Mapped Master [clk]
instruction_master Awalon Memory Mapped Master [clk]
irg Interrupt Receiver [clk]
debug_reset_request Reset Gutput [clk]
debug_mem_slave Awalon Memory Mapped Slave [clk]
custom_instruction_master Custom Instruction Master
B clock_bridge_1 Clock Bridge
Of inilk Clock Input qspi_conuroller_in_dk |exported
out_clk Clock Output clock_bricl
B0 generic_quad_spi_controller 0 |Altera Generic QUAD SFI contral
clock_sink. Clock Input clock_brid...|
reset Resat Input [clock _zink]
avl_csr Awalon Memory Mapped Slave [clock_zink]
avl_mem Avalon Memory Mapped Slave [clock_zink]
interrupt_sencler Irterrupt Sender [clock_sink]
Acd| flash_clataout Canciuit ext_flash_flash_dataout|
Acd| flash_dclk_out Canciuit ext_flash_flash_dclk_...
2| flash_ncs Canciuit 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.

1.5.3.1.2 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 1415 | QSPI flash OCRAM/ External RAM
Option 4b4 QSPI flash QSPI flash
Option 5 QSPI flash OCRAM/ External RAM

14 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.

Figure 63.

Nios II Parameter Editor Settings Boot Option 4a and 5

intel.

Note: mem i f _ddr 3_emni f _0. avl is the external memory (DDR3) used in this
example.

Nios II

J\E Parameters i l

Syst: ghrd_10m50daf484ctges  Path: cpu

Nios II Processor
altera_nios2_gen2

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

~ Reset Vector
Reset vector memory: generic_guad_spi_controller_0.avl_mem + |
Reset vector offset: 0x00000000 .
Reset vector: 0x 14000000

™ E ion Vector
Exception vector memary: mem_if_ddr3_emif_0.avl =
Exception vector offset: 000000120 .
Exception vector: 0x08000120

Parameter Editor Settings Boot Option 4b

JQ Parameters &%

Syst: ghrd_10m50daf484c6ges  Path: cpu

Nios II Processor
altera_nios2_gen2

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

~ Reset Vector

Reset vector memory: generic_quad_spi_controller_0.avl_mem ]
Reset vector oF'-Fset: 0x00000000
Reset vector: 0314000000

~ Exception Vector

Exception vector memary: generic_quad_spi_controller_0.avl_mem
Exception vector oF-Fset: 0x00000120
Exception vector: 0x%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/0
mode is set to QUAD.
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Figure 64. Altera Generic Quad SPI Controller Parameter Settings

(3] parameters  i% l
System: ghrd_10m50daf484ceges  Path: generic_quad_spi_controller_0

Altera Generic QUAD SPI controller

altera_generic_quad_spi_controller

|~ Parameters
Configuration device type: | y250512A83G5F40F
Choose If0 mode: QUAD |

Number of Chip Selects used: | |

3. Click Generate HDL, the Generation dialog box appears.
4. Specify output file generation options and then click Generate.
1.5.3.1.3 Quartus II Software Settings
1. In the Quartus II software, click on Assignment -> Device -> Device and Pin
Options -> Configuration. Set Configuration mode to Single Uncompressed
Image or Single Compressed Image.

Figure 65. Configuration Mode Selection in Quartus II Software

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 Configuration mode:  |[Single Uncompressed Image (3584Kbits UFM) -
Board Trace Model -
110 Timing Configuration device | D43l Compressed Images (512Kbits UFM)
Voltage single Compressed Image (5888Kbits UFM)
Pin Placement single Compressed Image with M... Inftialization (512Kbits UFM)
Error Detection CRC [ QRVELN LTIl | Single Uncompressed image (3584Kbits UFM)
CuP Settings Single Uncompressed Image with... Initialization (512Kbits UFM)

Partial Reconfiguration

Configuration device |/O voltage: ‘ j

™ Force VCCIO 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:

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.
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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 Links
Programming Hardware Design POF File into the MAX10 FPGA on page 62

1.5.3.1.4 BSP Editor Settings

Figure 66.

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.

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.

BSP Editor Settings

Hios Il BSP Editor - Jdata/klyapitechcommiMAx 10 Nios boot AN/MAX10 EVAL VDEMO V6 141_fiash/MAX10 EVAL VDEMO_XIP DUAL BOOT/software/hello from flash_bspisettings bsp =@ pa siscroa= /|

Fil: Edit Tools Help
" Main r Softuare Packages | Drivers |  Linker Script | Enable File Generation | Target BSP Directary

SOPC Infarmation file: /. /NIOSI_M10.sopcinfo
CPUname: WIOSZ_GEMZ

Operating system: Ahera HAL Version: [default [ ]

BSPtarget directory: [ data/telui fwork, dallas /MAXLO_EVAL VDEMO_VE_141 flash/MAXL0_EVAL VDEMO /software hello_from_flash_tisp

9 Settings 2| hal
¢ Comman sys_clk_timer:
fi et o =]
¢ Advanced E timestamp_timer: none =
¢ hal E
may_file_descriptors : stdin:
enable_instruction_related_exceptions_api | |
lng_port : stolout: ITAG_UART :
enable_exit i
enahle_clean_exit : stlerr: TAG_UART =
enable_runtime_stack_checking B
enable_c_plus_plus : enable_small_c_library
enable_lightweight_device_driver_api B
enabile_mul_div_ermulation L [ ] enable_gprof

enable_sopc_sysid_check
custam_newlib_flags
log_flags : [] enahle_sim_optimize
@ linker
allow_code_at_reset
enable_al_load
enable_all_load_copy_rodata
enable_al_load_copy_rwdala : exception_stack_size 1024
enable_alt_load_copy_exceptions

o make exception_statk_memory_region_name:  [oNcHIP_ RAaM_3 2K n

enakile_reduced_device_drivers

| hattinker

[[] enable_exception_stack

|

[ ] enable_imterrupt _stack

interrupt_stack_size: 1024

interrupt_stack_memory_region_name. ONCHIP_RAM 32K =
| hatmake

bsp_cflags_debug -0

bsp_cllags_optimization -0s5

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:

— allow_code_at_reset

— enable_alt_load

— enable_alt_load_copy_rodata

— enable_alt_load_copy_rwdata

— enable_alt_load_copy_exceptions
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Figure 68.
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— For boot option 4b, if exception vector memory is set to QSPI flash, enable the
following:

— allow_code_at_reset
— enable_alt_load
— enable_alt_load_copy_rodata
— enable_alt_load_copy_rwdata
— For boot option 5, leave all the hal.linker settings unchecked.

Advanced.hal.linker Settings for Boot Option 4a

»
C

P Editor - settings.bsp (on pg-iccf0295) g%
File Edit Tools Help

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

SOPC Information file: .../ OnChip.sapcinfo
CPUname: niosz_gen2_0

Operating system: ARera HAL version: [default [

BSPtarget directary: fdata/mmean/MAX10/Rem otelipdate_restored/software /hellowarid_ledBlink_tsp

- - - - || haLlinker

o make
bsp_cilags_debug [ allow_code_at_reset
bsp_cflags_optimization nable_al_load

N ?f:lcw nakle_all_|oad_copy_rodata

max_file_descriptors
enable_instruction_related_exceptions_a)
log_part
enable_exit
enable_clean_exit 1
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight_device_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custorm_newlib_flags
log_flags

o linker

o make

nable_al_load_copy_rwdata

nakle_all_load_copy_exceptions

[4]

Advanced.hal.linker Settings for Boot Option 4b

BSP. Editor - settings.bsp (on pg-iccr0238) ox

File Edit Tools Help

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

SOPC Information file: ./../Image0_nios.sopcinfo
CPU name: nios2_gen2_0
Operating system: Afters HAL version
BSP target directory: /data/mmtan/MAX10/NIOSILImagen/softuare fled_blinking_bsp

TIETTUET_STaCK _TrerroTy_regmor_Tare 1 B PO e

9 make
bsp._cflags_debug 7] allow_code_at_reset
bsp_cflags_optimization [l enable_alt_load
¢ ?V::IEEU [l enable_an_load_copy.rodata
max_file_descriptors [¥] enable_alt_load_copy.rwdata
enable_instruction_related_exceptions_aj .
log_pon [l enable_alt_load_copy._exceptions
enable_exit

enable_clean_exit M
enable_runtime_stack_checking
enable_c_plus_plus
enable_lightweight_dewvice_driver_api
enable_mul_div_emulation
enable_sopc_sysid_check
custorn_newlib_flags
log_flags

o= linker

© make

4 it |
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Figure 69.

Figure 70.

Advanced.hal.linker Settings for Boot

(Y B5P Editor - settings. bsp <@ pg-nxext0005>
File Edit Tools Help

Option 5

Main Software Packages r Drivers r Linker Script r Enable File Generation r Target BSP Directory

SOPC Infarmation file: ../, fNIOSI_ML10.s0pcinfo

CPU name: NIOSZ_CENZ

Operating system: Altera HAL Version: |default u

BSPtarget directary: /data/mmian/MAXLO/MAXLO_EVAL VDEMO_15_1/software/led_blink test_bsp

(=& | Lo ) o e
¢ Advanced
¢ hal

max_file_descriptors
enable_instruction_related_exceptions_aj
log_port
enable_exit
enable_clean_exit
enable_runtime_stack_checking
enable_c_plus_plus

‘| naLlinker

allow_code_at_reset

[ | enahle_alt_load

[ enable_alt_load_copy_rodata

[[] enable_alt_load_copy.rwdata
[]enahle_alt_load_copy_exceptions

enabile_lightweight_device_driver_api
enable_mul_div_emulation :
enable_sopc_sysid_check — i
custom_newlib_flags :
log_flags
¢ ;
allow_code_at_reset =i
enable_alt_load :
enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
enable_ali_load_copy_exceptions i
o= make -

d 1] I K

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.

Linker Region Settings for Boot Option 4a and 4b

[od £ 5P Editor - setting= bsp =@ pa xc0284>

File Edit Tools Help

Main [ Software Packages | Drivers | Linker Script | Enable File Generation

| Target BSP Directory

Linker Section Mappings

Linker Section Name & Linker Region Name

Memory Device Name

1T_ddr3_enif 0

_heap men_iT_ddr3

0
. rodata men_if_ddr3_enif_0
- rwdata men_iT_ddr3_enif O
. stack men_if_ddr3_enif_0
-Text lgeneric_guad_spi_controller.0...

ien_1f_ddr3_emif 0
en_iT_ddr3 emiT 0

en_i ©_ddr3_ewiT_0
|peneric_quad spi_controller_0_avl_mem

Linker Memory Regions

Remove.

Restore Defaults..

Linker Region Name Address Range v Memary Device Name size (oyte. | Offset (oyr] Add._
generic_quad_spi_controller_0_avl_mea 0x16000020 - 0x17... |[generic_quad_spi_controller_0... |33554400| 33554464 emave
reset 1016000000 - 0x16... jgeneric_guad_spi_contraller_0... 32| 33554432 e
generic_quad_spi_controller_0_avi_mem BE... /0x14000000 - 0x15...|generic_quad_spi_controller O... |33554432 L)
mem_1T_ddr3_emiT 0 JOX0B000120 - OXOF... |mem_iT_ddr3_emiT_0 13421... 288
mem_iT_ddr3_ewiT_0_BEFORE_EXCEPTION 0x0B000000 - 0x08. .. [mem_iT_ddr3_eaif 0 288 o id Mem ory Device.
th_ram 1k 10X00000000 - 0x00.. . Th_ram_ik 1024 0

Memory Map._
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Figure 71. Linker Region Settings for Boot Option

%) 557 editor - settings bep <@pg-iccro28a>
File Edit Tools Help

Main_| Software Packages | Drivers || Linker Seript | Enable File Generation | Target BSP Directory
Linker Section Mappings
Linker Section Name = Linker Region Name Memory Device Name Add..

iT_ddr3_eaiT 0 iro e e
L - i Restore Defaults,
men_iT_ddr3 emif 0 ddr3_emiT 0
men_iT_ddr3_eaif 0 men_iT_ddr3_eaif 0
men_if_ddr3_emif_0 men_if_ddr3_eaif_0
men_iT_ddr3_eaif 0 men_iT_ddr3_eaif 0
|mem_if ddr3_ewif 0 lmen_if_ddr3_emif 0
Linker Memory Regions
Linker Region Name Address Range ~ Memory Device Name Size (ytes) Offset (bytes) | Add...
exT_T1ash_avl_sem 0x16000020 - Ox17FFFFFF |ext_Tlash_avl_mes 33554400 33554464 Remove
reset 0x16000000 - 0x1600001F |ext_Tlash_avl_mem 32 33554432 Restore Defaults,
exT_T1ash_avl_men_BEFORE_RESET 0x14000000 - Ox15FFFFFF |ext_Tlash_avl_mes 33554432] 0 =
men 1T _ddr3 emiT O 0x08000120 ~ OxOFFFFFFF |mem_1T_ddr3_emif 0 134217440 288
mem_1T_ddr3_emiT_O_BEFORE_EXCEPTION 0x08000000 - Ox0800011F |mem_iT_ddr3_emiT_O 288 0 Add Memory Device.
th_rams 1k | 0x00000000 — OxO00003FF [th_ram 1K 1024 o

1.5.3.1.5 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.
Click Build to generate the HEX file.
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Figure 72.

Selecting mem_init_generate in Make Targets

| & Make Targets

KI

Make Targets for: testing

Target Location . [ Add. .. l

| @ g .
(& mem_init_install
@ mem_init generate

® hek

Cancel

—

Build

5. The “mem_init_generate” macro will create two HEX files; <OCRAM nane>. hex
and <Q@SPI Fl ash_nane>. hex. Use <QSPI Fl ash_nane>. hex for boot option 4
and 5 as you are booting from QSPI flash, not from OCRAM.

Related Links
Software Programmer Object File (.pof) Generation on page 59

1.5.3.1.6 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
qguartus.ini file or use the quart us. i ni 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.

ik Wb
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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

Ui Convert Programming File - Si/data/mmtan/MAX10/m10_gsrd_reve/rcl/src/ghrd_10m50daf484c6ges_top - ghrd_10m50daf4... E=Fal >

File  Tools  Window Search altera.com @
Conversion setup files 0
Open Conversion Setup Data... ] [ Save Conversion Setup... ]
Qutput programming file
Programming file type: [Programmer Object File (.pof) - ]
Options/Boot info... | Configuration device: [CFL_S12Mb ~ | Mode: 1-bit Passive Serial -
File name: gspi_bootCopier,pof [I]
Remote/Local update difference file: NONE
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 L
File/Data area Froperties Start Address Add Hex Data
4 Hex Data Absolute addressing 0x00000000 o
ext_flash.hex 20Trege
Add File...
Remove |
|
I Up
: Down
Properties
Generate I [ Close ] [ Help -
Related Links

e HEX File Generation on page 58

e POF file Programming into QSPI flash on page 60

e Quartus.ini file

1.5.3.1.7 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_qpf | . sof
file.

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

Programmer).

Make sure the Hardware Setup is set to your USB blaster.
d. Click on Auto Detect, select your MAX10 FPGA and select OK.
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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_qpf | . 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

Programmer - [Chain3.cdf]* (on pg-Icef0295)

File Edit View Processing Tools Window Help &

4 Haraware Setup... | [USB-Blasteril on pg-mmtan-440 [USB-11 wode: [|TAG |

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

—
W start File Device Checksum [ Usercode | Program/ | Verify | Blank- | Examine | Security |Erase | ISP
4l Configure Check Bit CLAMP

& stop Jdata/mmtan/MAX... 10M50DAF484... 0029C91D 0029C91)

& Auto Detect|
X Delete X Delete Del

Select All Ctri+A

M Add File:
M Add File.

¥ Change File. J & Change File
i save File 4 save File

“ Add Device Add IPS File
Change IPS File
Thup g
Delete IPS File
Jepown
Add EKP File

10MS0D  Show Device's Properties

Change EKP File
Delete EKP File
‘Add PR Programming File.
Change PR Programming File
Delete PR Programming File
Attach Flash Device.
Change Flash Device
Delete Flash Device

2 Add Device.
Change Device

1 up

$ Down

2, Hardware Setup

ISP CLAMP State Editor

Define CFI Flash Device

Replaces a selected programming file &' 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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HEX Image Programming into QSPI Flash

File Edit View Processing Tools Window Help @

[Searen ateracon @

& Hardware Sewp...| [USB-Blasterll on pg-mmtan-440 [USB-1]

I~ Enable real-ime ISP to allow background programming when available

~]  Progress 100% (Sn

Mode: [ITAG

» Start fiie

Device ‘ Checksum | Usercode

Program/ Blank- | Examine Erase

Configure Check

Verity IPS File ‘

Security
it

<none>
= rdata/mmtan/MA.
ext_flash hex

il Stop.
QSPI_512Mb  FBAO7875

8 Auto Detect

X Delete

il

M Add File..

¥ Change File.

LOMS0DAFA84... 00000000 00000000

ISP ‘
CLAMP
r r r r r r r
r r r r r r r

clf save File

1

* Add Device

% Up

' Down

L

10M50DAF484ES

Related Links

Software Programmer Object File (.pof) Generation on page 59

1.5.3.1.8 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.

Check the MAX10's CFMO and UFM under Program/Configure column and click

Start to start programming.
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Figure 76. POF Image Programming into QSPI Flash

intel.

File Edit View Processng Tools Window Help @

[Soarch ateracon @

10M50DAFAB4ES
DO

& Hardware Setup...| [USB-Blasterll on pg-mmtan-440 [USB-1] Mode: [JTAG ~|  Progress 100% (Suu-
I™ Enable real-ime ISP to allow background programming when available I
i sian File Device Checksum | Usercode | Program/ | Verity | Blank- | Examine | Security |Erase| 1sP IPS File EKP File
a Configure Check Bit CLAMP
d Stop /data/mmtan/MAXL... 10M50DAF484... 1026D7C5 00000000
CFMO 4 r r r r r r
8 Auto Detect UFM v r r r r r r
= Jdata/mmian/MA...  QSPI_S12Mb  FBAO7B7S r r r o r r r
X Delete ext_flash hex r r r r r r r
i Add File
I Change File ‘
2 save File
* Add Device
W Up
i Down
oI

Related Links
Quartus II Software Settings on page 54

1.5.3.2 Dual Compressed Images Bootable System Guideline

1.5.3.2.1 Design Creation

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

2.
to the diagram below for IP connection in Qsys.

Figure 77. Connection for Generic Quad SPI Controller IP

Ensure the Generic Quad SPI Controller IP is added into your Qsys system. Refer

Use Connections Name Description Export Clock
B sys_ck Clock Source
oo ckln Clock Input sys_clk exported
- clk_in_reset Reset Input reset
clk Clock Qutput ays_clk
clk_reset Reset Output
B8 nios2_gen2_0 Nios Il Processor
— clk Clack Input sys_pll_c2
reset Reset Input [cIk]
data_master Avalon Memary Mapped Master [ck]
instruction_master |4usalon Memory Mapped Master [clk]
irg Interrupt Receiver [clk]
debug_reset_reuest Reset Qutput [clk]
debug_mem_slave \4salon Memoary Mapped Slave [clk]
custam_instruction_master Custom Instruction Master
8 dock_bridge_1 Clock Bridge
=i in_clk. Clock Input qspi_controller_in_clk |exported
out_clk Clock Qutput clock_brid
B 1 generic_quad_spi_controller .0 |Aftera Generic QUAD SPI control
clock_sink Clock Input clock_brid...
reset Reset Input [clock_sink]
avi_csr zalon Memory Mapped Slave [clock_sink]
avi_mem zalon Memary Mapped Slave [clack._sink]
Imerrupt_sender Interrupt Sender [clock_sink]
O1  flash_dataout Conciuit ext_flash_flash_dataout
o flash_decik_out Conciuit ext_flash_flash_dclk_...
< flash.ncs Conduit ext,flash_flash_ncs

3.
images configuration.

Note:
clock must not exceed this maximum value.
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1.5.3.2.2 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 1617 | QSPI flash OCRAM/ External RAM
Option 4b16 QSPI flash QSPI flash

Option 5 QSPI flash OCRAM/ External RAM

Figure 78. Nios II Parameter Editor Settings Boot Option 4a and 5

Note: mem i f _ddr 3_em f _0. avl is the external memory (DDR3) used in this
example.

J\E Parameters &% l
System: ghrd_10m50daf484c6ges  Path: cpu

Nios II Processor
altera_nios2_gen2

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

~ Reset Vector
Reset vector memory: generic_quad_spi_controller_0.avl_mem |
Reset vector offset: 0x00000000 .
Reset vector: 0x 14000000

™ E ion Vector
Exception vector memory: mem_if_ddr3_emif_0.avl =
Exception vector offset: 0x00000120 .
Exception vector: 0x023000120

16 ) 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 79. Nios II Parameter Editor Settings Boot Option 4b

J@ Parameters &%
Syst: ghrd_10m50daf484c6ges  Path: cpu

Nios II Processor
altera_nios2_gen2

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

Reset Vector
Reset vector memory: generic_quad_spi_controller_0.avl_mem ]
Reset vector oF'-Fset: 0x00000000
Reset vector: 0314000000

Exception Vector
Exception vector memary: generic_quad_spi_controller_0.avl_mem v |
Exception vector oF-Fset: 0x00000120 -

Exception vector: 0x14000120

2. There are two Nios II application data (HEX file) stored into the QSPI for
supporting dual configuration 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).

Figure 80. Reset Vector Offset Setting for First Qsys design

&3 parameters &3
System: ghrd_10mS0daf484c6ges  Path: cpu
Nios 1l Processor

altera_nios2_gen2

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

-~ Reset Veaor
Reset vector memory.

| Reset vector offset
ESET vector.
~ Exception Vector
Exception vector memory:

Advanced Features

pi_controller_0.avi_mem | w

|mem_if_ddr3_emif_0.av |-
Exception vector offset 0X00000120 |
Exception vector: 0x08000120

Figure 81. Reset Vector Offset Setting for Second Qsys design

| 68 paramatars :
‘LSyslem: ghrd_10mSodaf484c6ges  Path: cpu
Nios Il Processor

altera_nios2_gen

|* Reset Vector
Reset vactor memaory

generic_quad.spi.controller_0 av.merm | |
I Reset vector offset: 0x02000000

Feset vactor 0x16000000

|* Exception Vector

Exception vector memaory. mem_if_ddr3 _amif_0.av |'|
Exceptian vector offset 0x00000120 | N
Exception wvector: Ox0BO00120
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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.

Figure 82. Altera Generic Quad SPI Controller Parameter Settings

J@ Parameters % l
System: ghrd_10m50daf484ctges  Path: generic_guad_spi_controller_0

Altera Generic QUAD SPI controller

altera_generic_quad_spi_controller

I' Parameters
Configuration device type: N250512A83G5F40F =
Choose I/O mode: QUAD ]

Mumber of Chip Selects used: |

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

7. Specify output file generation options and then click Generate.

1.5.3.2.3 Quartus II Software Settings

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

Device and Pin Options - RemoteUpdate

Description

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

Category:
General Configuration
Configuration i . i
Programming Files Specify the device configuration scheme and the configuration device
Unused Pins
Dual-Purpose Fins Configuration scheme: ‘Intemal Configuration j
Capacitive Loading |Cﬂnfiguratiﬂn mode: ‘Dua\ Compressed Images {512Kbits UFM) jl
Board Trace Model —
I/Q Timing Configuration device
Voltage
Pin Placement |‘Wt‘> j
Error Detection CRC [ Use configuration device:
CuP Settings Device Options |
Partial R Fi it
artal Recontiguration Configuration device I/O voltage | j
" Force VCCIO to be compatible with configuration /O voltage
W Generate compressed bitstreams
Active serial clock source j

available: Internal Configuration (use internal flash)

The method used to load a design into the device. Only one configuration scheme is

Reset

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 Links

Programming Hardware Design POF File into the MAX10 FPGA on page 76

1.5.3.2.4 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.

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.
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Figure 84. BSP Editor Settings

{7 W0+ 11 B57 Editor - /aataikiya prtschcommiMAx L0 Nios boot ANMAXLO_EVAL VDEMO V6 141 fia sh/MAXL0_EVAL VDEMO_XIP DUAL BOOT/softwrarelallo_from fiash_bepisettings.bsp =@ pg-siscio="7

File Edit Tools Help

7 Main f Software Packages | Drivers | Linker Script | Enable File Generatian | Target BSP Directory

SOPC Information file: /. /MIOSI_M10.s0pcinfo
CPU name:  MIOS2_CENZ

Operating system: Altera HAL version: [default [+

BSP target directory: Jdata teiul nrky dallas MAXLO_EVAL VDEMO_V6_141_flash /WMAX10_EVAL WDEMO,/software fhello_from_flash_bsp

9 Settings hal

¢ sys._clk_timer, fnare [+
o= hal

[ ;;nvsnlceu timestamp_timer. none =
al

max_file_descriptors stdin TAG_UART =
enahle_instruction_related_exceptions_api -

log_pant stelout: JTAG_UAR
enable_exit -
enahle_clean_exit stelerr: -TAC UART
enable_runtime_stack_checking J - :
enable_c_plus_plus v| enahle_small_c_librar

enahle_lightweight _device_driver_api - T "

enahle_mul_div_ermulation [[] enable_gprof
enahle_sopc_sysid_check

TS e enahle_recurer!_device_drivers

¢ }ng,ﬂags [ enable_sim_optimize
inker
allow_code_at_reset hal.linker

enable_ah_load
enable_alt_load_copy_rodata [ enable_exception stack

enable_alt_load_copy_redata exception_stack_size: 024
enable_alt_load_copy_exceptions

? exception_stack_memory_region_name:  [oncHIP_ RAM 32K =

[[] enable_interrupt_stack

|

interrupt_stack_size: ’10247

interrupt_stack_mermony_region_name: :
hal.make

hsp_cflags_debua -a

hisp_cflags_optimization e

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

— For boot option 44, if exception vector memory is set to OCRAM or External
RAM, enable the following:

— 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:

— allow_code_at_reset

— enable_alt_load

— 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.

Figure 86.

File Edit Toaols Help

Advanced.hal.linker Settings for Boot Option 4a

Editor - settings.bsp (on pg-iccf0295)

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

SOPC Information file: ./..fOnChip.sapcinfa
CPU name: nios2_genz_0
Operating system: Altera HAL

Wersion: |default

BSP target directory: fdata/mmtanfMAX10/Rem oteUpdate_restored /software /helloworld_ledBlink_bsp

@ make
bsp_cflags_debug
bsp._cflags_nptimization
¢ Advanced
¢ hal
rnax_file_descriptors
enable_instruction_related_exceptions_ap
log_part
enable_exit
enable_clean_exit il
enable_runtime_stack_thacking
enable_c_plus_plus
enable_lightweight _cevice _driver_api
enable_mul_div_emulation L
enable_sopc_sysid_check
custom_newlib_flags
10g.flags
o= linker
o maks

[4]

ker

allow_code_at_reset
nable_alt_load
nzble_alt_load_copy_rodata
nable_alt_load_copy_rwdata

nable_alt_load_copy_exceptions

File Edit To Help

Advanced.hal.linker Settings for Boot Option 4b

Editor - settings.bsp (on pg

0238)

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

SOPC Information file: /.. /Imagen_nios. sopeinfo
CPUname: nios2_genz_0
Operating system: Altera HAL

Version:

BSP target directory: /datajmmtan/MAX10/MIOSIImage0/software/led_blinking_bsp

TS TR TPy T g
9 make
bsp_cflags_debug
bsp_cflags_optimization
¥ Advanced
¢ hal

max_file_descriptors
enable_instruction_related_exceptions_aj
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

o linker

o rnake

4] I |

hallinker
allow_code_at_reset
enable_alt _load
[¥] enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata
[ enable_al_load_copy_exceptions
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L*J ESP Editor - settings. bsp <@ pg. nxexti00s:

File Edit Tools Help

Advanced.hal.linker Settings for Boot Option 5

Main Software Packages r Drivers r Linker Script rEnabIe File Ceneration rTargel BSP Directory

SOPC Information file: ..f../NIOSII_M10 sopcinfo

CPU name, MNIOSZ_CENZ

Cperating system; Altera HAL

Wersion: |default n

BSPtarget directary. Jdatafmmtan/MAXLO0/MAXLO_EVAL VDEMO_15_1fsoftware/led_blink_test_bsp

TSI TE S SO T ST
@ Advanced
9 hal

max_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

?
allow_code_at_reset
enable_alt_load
enable_alt_load_copy_rodata
enakle_alt_load_copy_rwdata
enable_alt_load_copy_exceptions
o= make

Il hallinker

allow_code_at_reset

|| enakle_alt_load

[ ] enakle_alt_load_copy_rodata
[]enable_alt_load_copy._rwdata

[ ] enakle_alt_load_copy_exceptions

hd

4 il |1

4N ]

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

Figure 88.

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

File Edit Tools Help

Linker Region Settings for Boot Option 4a and 4b

Main | Software Packages | Drivers [ LinkerScript | Enable File Generation | Target BSP Directory
Linker Section Mappings
Linker Section Name « Linker Region Name Memory Device Name Add..
1T_ddr3_emif 0 Remove.
- =UoaRCRes Restore Defaults...
g2 en_iT_ddr3_emif
men_if_ddr3_enif_0 en_if_ddr3_eaif_0
men_iT_ddr3_emif 0 en_iT_ddr3_enif 0
men_if_ddr3_enif_0 en_if_ddr3_enif_0
lgeneric_gquad_spi_controller O... lfleneric_quad spi _controller 0 _avl mem
Linker Memory Regions
Linker Region Name Address Range v Memory Device Name Size (yte.| Offset byt Add._
jgeneric_quad_spi_controller_0_avl_mea 0x16000020 - Ox17... |[generic_quad_spi_controller_0...|33554400| 33554464 emo
reset 10x16000000 - 0x16... jgeneric_quad_spi_controller O... 32| 33554432 e R
lgeneric_quad_spi_controller_O_avl_mem BE... [0x14000000 - Ox15... generic_guad spi_controller_O... 33554432 o
men_1T_ddr3_emiT_0 {0X0B000120 — OXOF... mem_iT_ddr3_emiT_0 13421... 288
mem_iT_ddr3_emif_0_BEFORE_EXCEPTION 0x03000000 - 0x03. .. [men_iT_ddr3_emif_0 288 o Add Memory Devi
th_ram 1k 10X00000000 - 0x00. .. [th_ras_ 1k 1024 0
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Figure 89. Linker Region Settings for Boot Option 5

E7J 650 Editor - sttings bep ~@pgccrozBa>"
File Edit Tools Help

Main | Software Packages | Drivers | LinkerScnpt | Enable File Generation | Target BSP Directory
Linker Section Mappings
Linker Section Name ~ Linker Region Name Memory Device Name Add...

B35

. rodata
- rmdata
. stack
_text

iT_ddr3_emiT 0

men_iT_ddr3_eaif 0
men_if_ddr3_esif_0
men_iT_ddr3_eaif 0
mes_if_ddr3_emif 0

i T_0

men_iT_ddr3 emifT 0
men_iT_ddr3_emif 0
men_if_ddr3_esif_0
men_iT_ddr3_emif 0
mem_if_ddr3_emif 0

Restore Defaults._

Linker Memory Regions

Linker Region Name Address Range = Memory Device Name Size (bytes) Offset (bytes) | Add...
lext_Tlash_avl_mem 0x16000020 - Ox17FFFFFF |ext_tTlash_avl_mem 33554400 33554454 Re e
reset 0x16000000 - 0x1600001F |ext_Tlash avl_mem 32 33554432 T
lext_Tlash_aw]l_mem_BEFORE_RESET 0x14000000 - Ox1SFFFFFF |ext_tTlash_avl_mem 33554432 0
men_ 1T _ddr3 emiT O 0x08000120 - OxOFFFFFFF |mem_iT_ddr3_emif O 134217440, 288
men_1T_ddr3_em1T_O_BEFORE_EXCEPTION OX0B000000 - OXOS00011F |mem_1T_ddr3_emiT_O 288 0 Add Memory Ds
th_ram 1k | 0x00000000 -~ OxOO0003FF [th ram 1k L] 1024 L4

1.5.3.2.5 HEX File Generation

Note:

1.

The following steps apply to both first and second Nios II applications.

In the Nios II SBT tool, right click on your project in the Project Explorer
window.

Click Make Targets -> Build..., the Make Targets dialog box appears. You can
also press shift + F9 to trigger the Make Target dialog box.

Select mem_init_generate.
Click Build to generate the HEX file.
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Figure 90. Selecting mem_init_generate in Make Targets

Make Targets

Make Targets for: testing

Target Location l Add... l

| @ oy .
(@ mem_init_install
@ mem_init_generate

® hek

Cancel H Build J

5. The “mem_init_generate” macro will create two HEX files; <OCRAM nane>. hex
and <Q@SPI Fl ash_nane>. hex. Use <QSPI Fl ash_nane>. hex for boot option 4
and 5 as you are booting from QSPI flash, not from OCRAM.

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

Set Mode to Internal Configuration.
Change the File name to the desired path and name.

u ~h W N

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

o

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 automatically.

Click Add File... and point to the second . sof file to add into Page_1.

Click Generate to create the . pof file.
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Figure 91.

SOF to POF Files Conversion Settings
File Tools Window [Search aeracom @

Specity the input files to convert and the type of pragramming file to generate
You can also import input file information from ofher 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: [Programmer Object File (por) =]
Options/Boot info Configuration device [ErcEL | Mode Intemal Configuration =
File name [1.1HW_POF/SOF2POF pot ]
Advanced Remote/Local update difference file INONE |
¥ Create Memory Map File (Generate SOF2POF map)
™ Create CvP files (Generate F2POF periph.pot and SOF2POF . core ff]
I Create config data RPD (Generate SOF2POF_auto rpd)
I~ Create Fatlt Injection File (Generate SOF2POF fif)
Input files to convert
File/Data area Properiies Start Address id Hex Dala
= SOF Data Page_0 <auto> S
QSPI_tirstsof 10MS0DAF484ES faio iy ‘_‘"
= SOF Data Page_1 <auto> i
QSPI_second sof 10ME0DAFABAES -
Remor
U
Down
Propert
[Generate |  Close Help

Related Links
Programming Hardware Design POF File into the MAX10 FPGA on page 76

1.5.3.2.7 Software Programmer Object File (.pof) Generation

Important:

The quartus.ini file with PGM 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. i ni 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.

Remove the SOF Page_0.

Click on Add HEX Data, choose the HEX file generated in HEX Generation
section. Select Absolute Addressing and click OK.

Repeat Step 7 to add second HEX file.

9. C(Click Generate to create the .pof file.

Nou ks b=
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Figure 92. HEX to POF file Conversion Settings

B9 Convers Programming Fiie Standard Edition - fdata/mmtan/MAXLO/AN7 30_15.1 QSPI_updataighrd_10m30dafdBaceges toplsrcighrd_L0m50da7aBicbges top - ghrd_LOmS0datis dctges top @ pg-cr2al="

File Tools Window m @

Specily the input files (o 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
file type: [Prog: Object File (pol) =]
Options/Boot info__ Configuration device: [cA_s1zmp | Mode 1-bit Passive Senial -]
File name: [ 7sw_PoFmexzpotpor :
Advanced. Remote/Lacal update difference file [none -]
¥ Create Memory Map File (Generate hex2pofmap)
Input files to convert
File/Data area [ Properties [ stan Adaress | Add Hex Data
= Hex Data Relative addressing 0x02000000 ——
exi_flash hex SoiPage
Sl Hex Daia. Absolute addressing 0x00000000 Add File
ext flashhex —
Remove
Properties
Generate | Close Help

Related Links

Quartus.ini file

1.5.3.2.8 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.

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_qpf | . 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_qgpfl . sof file.

Check MAX 10 device under Program/Configure and click Start to start
programming.

Click on Auto Detect after ntax10_qpf| . 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.
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Figure 93. Programming Parallel Flash Loader Programmer Settings

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

File Edit View Processing Tools Window Help 5 Search ateracom @

4 Hardware Setup. .| [USB-Blasterll on pg-mmtan-440 [USB-1] Mode: [[TAG =] Progress 100%. (s_

I~ Enable real-time ISP to allow background programming when available

b start File Device Checksum | usercode briry | Blank- | Examine | security |Erase| s
2 ur Check Bit CLAMP

Jdata/mmtan/MAX... 10M50DAF484... 0029C91D 0029C91)

X Delete X Delete Del
Ctri+A

Select Al

™ Add File
f Add File
F=Change File. f 54 Change File

s save File s save File
* Add Device. Add IPS File
fhup
LhDown

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
Attach Flash Device

Change Flash Device

Delete Flash Device

% Add Device.
Change Device

s Up

P Down

£, Hardware Setup

15P CLAMP State Editor
Define CFI Flash Device

Replaces a selected programming file &' Properties

2. Programming HEX image into QSPI Flash

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.

Q

Figure 94. HEX Image Programming into QSPI Flash
File Edit View Processing Tools Window Help @ [Searcn aneracom @ |

& Hardware Setup... | [USB-Blasterll on pg-mmtan-440 [USB-1] Mode: [ITAG ~]  Progress 100%. (Sl_

I~ Enable real-time ISP to allow background programming when available |

b start File ‘ Device ‘ Checksum | Usercode | Programi | Verify | Blank- | Examine | Security | Erase| ISP ‘ IPS File ‘ |
Configure Check Bi CLAMP
dh stop <none> LOMS50DAF484... 00000000 00000000 r r [ [N = =
= datw/mmtan/MA... QSPI_512Mb  FB3F5080 r roor r r roor
88 Auto Detect ext_flash hex P r r r r r r
ext_flashhex 4 ror r r roor

Delete
™ Add File
= Change File
A save File
* Add Device

' up

P Down

LOMS0DAFAB4ES
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1.5.3.2.9 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 CFMO and UFM under Program/Configure column and click
Start to start programming.

Figure 95. POF Image Programming into QSPI Flash

File Edit View Processing Tools Window Help @ [Search atteracom @
& Hardware Setup... | [USB-Blasterll on pg-mmian-440 [USE-1] Mode: [ITAG =] Progress: 100% (Suc-
I™ Enable real-time ISP to allow background programming when available
i stan File Device Checksum | Usercode | Programi | Veriy | Blank- [ Examine | Security |Erase | ISP IPS File EKP File
a Configure Check Bit CLAMP
o Siop Jdata/mmtan/MAX1... 10M50DAF484... ODSEADAZ 00000000
CFMO

8 Auto Detect CFML
UFM
X Delete = idata/mmtan/MA. QSPI_512Mb  FR3F50B0
o paa Fie ext_flash.nex
ext_flashhex

¥ Change File.

i
4
"
"
r
r
e}

it inlnls|
il ininln|
il ininin|
i ininininln|

A save File
4 pgdpevice ||| pm=ssmmmses
evice QsPI_512M]
v |
s Down 1

10MS0DAF4B4ES
DO

Related Links
e Quartus II Software Settings on page 66
e Hardware Programmer Object File (.pof) Generation on page 72

1.5.4 Summary of Nios II 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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Table 11. Summary of Nios II Processor Vector Configurations and BSP Settings
Boot Option Reset Exception BSP Editor Setting: BSP Editor
Vector Vector Settings.Advanced.hal.linker Setting: Linker
Configurati | Configuration Script
on
Option 1: Altera On- 1. OCRAM/ If the exception vector memory is set e Set.text
Nios II processor chip Flash External to OCRAM/ External RAM, enable the Linker Section
application execute-in- RAM, OR following settings in to Altera On-
place from Altera On-chip 2. Altera On- Settings.Advanced.hal.linker: chip Flash
Flash (UFM) chip Flash e allow_code_at_reset e Set other
 enable_alt_load g”kt‘?r
ections
e enable_alt_load_copy_rodata (.heap, .rwd
* enable_alt_load_copy_rwdata ata, .rodata,
e enable_alt_load_copy_exceptions .bss, .stack)
If the exception vector memory is set to OCRAM/
to Altera On-chip Flash, enable the External RAM
following settings in
Settings.Advanced.hal.linker:
e allow_code_at_reset
e enable_alt_load
e enable_alt_load_copy_rodata
e enable_alt_load_copy_rwdata
Option 2: Altera On- OCRAM/ Make sure all settings in Make sure all
Nios II processor chip Flash External RAM Settings.Advanced.hal.linker are Linker Sections
application copied from left unchecked are set to
UFM to RAM using boot OCRAM/ External
copier RAM
Option 3: OCRAM OCRAM Enable allow_code_at_reset in Make sure all
Nios II processor Settings.Advanced.hal.linker and Linker Sections
application execute-in- other settings are left unchecked. are set to OCRAM
place from Altera On-chip
Memory (OCRAM)
Option 4: QSPI flash 1. OCRAM/ If the exception vector memory is set e Set.text
Nios II processor External to OCRAM/ External RAM, enable the Linker Section
application executes in- RAM, or following settings in to QSPI Flash
place from QSPI flash 2. QSPI Flash Settings.Advanced.hal.linker: e Set other
e allow_code_at_reset Linker
 enable_alt_load Sectior;s(t.hea
p, .rwdata, .r
e enable_alt_load_copy_rodata odata, .bss, .
e enable_alt_load_copy_rwdata stack) to
e enable_alt_load_copy_ exceptions OCRAM/
If the exception vector memory is set External RAM
to QSPI Flash, enable the following
settings in
Settings.Advanced.hal.linker:
e allow_code_at_reset
e enable_alt_load
e enable_alt_load_copy_rodata
e enable_alt_load_copy_rwdata
Option 5: QSPI flash OCRAM/ Make sure all settings in Make sure all
Nios II processor External RAM Settings.Advanced.hal.linker are Linker Sections
left unchecked are set to

application copied from
QSPI flash to RAM using
boot copier

OCRAM/ External
RAM
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1.6 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:

e The memcpy-based boot copier

e The alt_load function

e The Nios II SBT "make mem_.init_generate" target
e The Convert Programming Files feature

1.6.1 Nios II Processor Memcpy-based Boot Copier

Figure 96.

The Nios II processor memcpy-based boot copier has the following features:

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

e Unpacks and copies software application image to RAM

e 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.

Memory Map of An Example System Using Default Boot Copier

Memory Map

RAM &
FPGA RAM

Application

RAM base P>

UFM Flash

Application

Boot Copier

UFM base >
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1.6.2 The alt_load() function

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

e Optionally copies sections from the boot memory to RAM based on BSP settings.
e Able to copy data sections (. rodat a, . rwdat a, . excepti ons) to RAM but not
the code sections (. t ext ).

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

1.6.3 Nios II 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 (. el f) is converted to
memory initialization file (. hex). This operation take place whenever the . t ext
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:

e For boot option 1, 3 and 4 the generated HEX file contains ELF loadable section.

e For boot option 2 and 5, the generated HEX file contains the boot copier and the
ELF payload.

The nem_i ni t _gener at e target also generates a Quartus II IP file (memi ni t. gi p).
Quartus II software will refer to the meni ni t . gi p for the location of the initialization
files.

1.6.4 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.
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1.7 Appendix B: Boot Time Performance Analysis

Figure 97.

Intel 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.

Boot Time Performance Analysis Design Block Diagram

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.

MAX 10 FPGA (10M50DAF484C6GES)
N v [ |1 B -1
75 MHz |n,s\}‘;usiziron = DD;{gouh[/]Iil-ll)zl-m > DDR3
33 On-Chip Memory
BootTme 3 On-Chip Flash
performance Sysid 4| JTAGUART
UART 0 o Timer10 ps
UART1 ¢ Timer 100 ms
Avalon SPI Master |¢_q¢—, LED
Avalon SPISlave 0 [_q |  Parallel 1/0
Avalon SPI Slave 1 ||

Regardless of the boot device, there are only 2 types of boot methods:
1. Nios II processor application execute-in-place.
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 the MAX 10 10M50 Development Kit (Rev B) on
using the Quartus II software v15.0 build 145.
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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 on page 77.

Related Links

Boot Time Performance Analysis Design Example

1.7.1 Boot Time Measurement Strategy

Figure 98.

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:

e The Alt_load() function copies data sections
(.rodata, .rwdata, . excepti ons) from boot memory to RAM.

¢ The code section (. t ext ) remains in the boot memory.

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

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

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

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

e Run system/ driver initialization (alt_main).

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

Boot Time Measurement

| 6. Entry to main

void main ( void )

Nios Il ResetEdge ~ F———f--——-————————=———- >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
24 ~( b g | 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) |

| 7. Stop boot time counter

{
IOWR (BOOT_TIME_
COUNTER_BASE, 0,0) ;

Rttty >Stop Boot Time Counter
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1.7.2 Reducing Nios II 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 Intel has performed, the

following subsections can be referred to for general guidance.

1.7.2.1 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.

1.7.2.2 Boot Device Performance

Figure 99.

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

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

Supported Boot Device Performance
Fastest Slowest

oo | 3 | ottt | 3> [Fasbsh |

1.7.2.3 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 dependencies, 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.
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1.7.2.4 Nios II Processor Caches

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.

Figure 100. Nios II Design Block Diagram with Processor Caches Enabled

MAX 10 FPGA (10M50DAF484C6GES)

p J| QSPIFlash | 1 QSPI
¢ . U Data Master »  Controller Flash
Nios 1

75 MHz Instruction > DDR3 UniPHY, ,

Master 1 soomez || OO

| 32KB Data | |32KB Instruction|s 131 On-Chip Memory
i Cache Cache .
T = =13 On-Chip Flash

Boot Time e 1 s
Performance )

G Sysid L o JTAG UART

UART 0 el Timer10ps

UART1 o—» Timer100 ms

Avalon SPI Master LED

< L

Avalon SPISlave O [_¢ |  Parallel I/0

Avalon SPI Slave 1 ||

1.7.2.5 System Speed

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 II Design Block Diagram with Higher System Speed
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d SPI Flash
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Master 300 MHz
33 On-Chip Memory
131 On-Chip Flash
Boot Time ¢ ! P
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BT Sysid 4  JTAGUART
( UART 0 o Timer10 ps
UART 1 ¢ Timer 100 ms
Avalon SPI Master |¢_¢—, LED
Avalon SPISlave 0 [_q |  Parallel 1/0
Avalon SPI Slave 1 ||

A

1.7.2.6 MAX 10 FPGA Nios II Flash Accelerator

> DDR3

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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Figure 102. Nios II Design Block Diagram with Flash Accelerator Enabled

intel)
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*> DDR3

Related Links

AN-740: Nios II Flash Accelerator Using MAX 10

1.7.3 Boot Time Performance and Estimation

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

Note:

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)

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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intel.

Figure 105. Boot Time for Design without EMIF that runs from On-Chip Memory

Figure 106.
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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.

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.

1.7.3.2 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.

Notes: .

Instruction or data cache and flash accelerator are not enabled in the design.

e Boot time values are based on design with 75 MHz Nios II processor speed.

Table 13. Boot Time Estimation on Execute-in-place test cases
Test Case Boot From Boot Time Counter (Approximate Nios Boot Time
II Clock cycles)18 (millisecond)
On Chip Flash 41,000 0.55
Design without External .
Memory On Chip Memory 18,000 0.24
QSPI Flash 410,000 5.5
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 Run From Boot Time Counter Boot Time
(Clock cycle)1? (millisecond)
Design without External On Chip Flash On Chip Memory 2,800,000 37
Memory
Quad SPI Flash On Chip Memory 28,000,000 370
On Chip Flash External Memory 4,700,000 63
Design with External On Chip Memory 2,800,000 37
Memory
Quad SPI Flash External Memory 30,000,000 400
On Chip Memory 30,000,000 400

18 Boot time counter is applicable to all software application (.elf) sizes.

19 Boot time counter is for every 32kB .elf size.
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1.8 Document Revision History

Table 15. Document Revision History
Date Version Changes
February 2017 2017.02.21 Rebranded as Intel.
May 2016 2016.05.24 e Updated Configuration and Booting Flow figures for all boot options.

e Updated BSP Editor Settings for Boot option 3.

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

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

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

November 2015 2015.11.19 e Added Boot Time Performance for Design that Boots from On Chip Flash
with Flash Accelerator subsection.

September 2015 2015.09.15 e Replaced MAX 10 FPGA Nios II Design Boot Time Estimation and Guidance
with Boot Time Performance Analysis and Estimation section.

e Restructure boot options and flow by combining boot options and
guidelines.

e Added Boot option 4 and boot option 5 supporting QSPI.

e Added Boot Time Performance Analysis design example information and
link.

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

e Added The alt_load() function table.

e Added ROM Size Requirement to RAM and ROM Size Requirement For Each
Boot Option table.

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

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

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

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

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

e Updated Single Uncompressed/Compressed Image Bootable System
Guideline to support Single Compressed Image Mode.

e Added the third guideline; 'Single Uncompressed/Compressed Image with
Memory Initialization Bootable System Guideline'.

e Editorial changes.

January 2015 2015.01.23 Initial release.
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