1. HPSin the gsys and its settings
We are using almost empty hps with only basic settings for the DDR3.
Following is the settings of the QSPI and the HPS in QSYS project.
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After compiling the FPGA we get the following folder.
Hps_isw_handoff

. > Computer » Local Disk (C) » Project > SCX » FPGA » SCX.V3230620 HPS » syn

File Edit View Took Help
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[ Documents
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1% Computer
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hps_isw_handoff Dte modified: 230620201217
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Sharewith »  New folder
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2. Now open SoC command shell




Programs (8)

||ﬂ SoC ED514.1 Command Shell

[ SoC EDS 15.0 Command Shell

€ SoCAL Arrial0 DDCJ Location: Embedded_Command_Shell (Chaltera'l4.1\embedd:
G‘ 50CAL Documentation

@ Uninstall Cyclone V 5X 5oC Development Kit v14.1.0

5 Uninstall SoC EDS 141

Control Panel (1)

Configure proxy server
Documents (2064)

|| DEL_SoC_demo_hps_barernetal 1591963148557 . pdom
|| org.eclipse.cdt.core.prj-DE1_50C_demo_hps_baremetal.prefs
|| DEL_5oC_demo_hps_baremetal.sc

.. DBl _SoC_demo_hps_baremetal

. DEL_SoC_demo_hps_baremetal

Files (495)

SoC Setup HPS.docx
@ socal_include_fix.zip
L DEL_SoC_demo_hps_baremetal
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p See more results

|suc x| |5hutd-uwn|h|

3. OPEN the bsp-editor
By using bsp-editor&
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The rules of Preloader

4.
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There are four stages of the hard processor system (HPS) booting process; the preloader is the second stage.

Figure 8-1: Typical Boot Flow

Boot ROM

Operating System

The Preloader configures the HPS component based on the information from the handoff folder, initializes
the SDRAM and then loads the next stage of the boot process into SDRAM and passes control to it.

The preloader can directly load your final application for Bare Metal applications and simple RTOSes.

Typically, a boot ROM loads the preloader from a flash device into the on-chip RAM and executes the
preloader. The preloader can also be executed directly from the FPGAmemory.

5. Handoff Files (this files is generated by Qsys)

Hardware Handoff Files
Use the Qsys system integration tool in the Quartus II software to generate a set of handoff files containing

the hardware information required by the preloader.

The handoff files from the Qsys compilation are located in the <quartus project
directory>/hps_isw_handoff/<hps entity name> directory (where hps entity name is the HPS component
name in Qsys).

Note: You must update the hardware handoff files and regenerate the preloader support package each time
a hardeare change impacts the HPS, such as after pin multiplexing or pin assignment.

1. The preloader can be generated by using the bsp-editor (please see the next 2 screen shot)



5-4 Getting Started with Preloader

In this example, you will re-create the Preloader in the folder <SoC EDS installation directory>/examples/
hardware/cv_soc_devkit_ghrd/software/spl_bsp.

The screen snapshots presented in this section were created using the Windows version of SoC EDS, but the
example can be run in a very similar way on a Linux host PC.

The steps to create the Preloader are:

1. Startan Embedded Command Shell by executing <SoC EDS installation directory>\Embedded_Command _
Shell.bat.

2. Run the command, bsp-editor. The BSP Editor dialog box appears.

Note: The tool that generates a preloader support package is the BSP Editor, also used to generate BSPs
for other Altera products.

3. Select File > New BSP.The New BSP dialog opens.
. Click the ™...” button to browse for the Preloader settings directory in the New BSP dialog box.

5. Browse <SoCEDS folder>\examples\hardware\cv_soc_devkit_ghrd\hps_isw_handoff\soc_system_hps_0 for
the hardware handoff folder. The rest of the Preloader settings are populated automatically.

-

Figure 5-2: Populated Options in the New BSP window

1 |ardware\cv_soc_devkit_ghvd\hps_isw_handoffigoc_system_hps_0 |*]

i Sotaare

Operating system:  Preloader
V| Use default locatons
BSP target drectory:  bedded\examples \hardware \cv_soc_deviet_ghrd\software \spl_bsp
B5P Settrgs Fle name: | ples\hardware\cy_soc_deviat_ghrd\software \spl_bsp\settings bsp
J| Enable Settings File relative paths

| Enable Addtonal Td scriot




spl.boot

BOOT_FROM_QSPI
PRELOADER_TGZ
CROSS_COMPILE BOOT_FROM_RAM

5 boot ] BOOT_FROM_SDMMC
B800T_FROM_QSPI
BOOT_FROM_SOMMC QSPI_NEXT_BOOT_IMAGE
BOOT_FROM_RAM 0x50000
QSPI_NEXT_BOOT_IMAGE
SDMMC_NEXT_BOOT_IMAG SOMMC_NEXT_BOOT_IMAGE:

nees 0240000

"

Informaten | problems | Processng|
© Frshed intializing BSP components. Total time taken = 2 seconds
) Searching for BSP components with category: 0s_software_slement
O Invtakang BSP components.

) Fshed initialiaing BSP components. Total time taken = 2 seconds
) Searching for BSP components with category: 0s_softwere_slement

. m

Comee ] |

7. Click Generate in the BSP Editor dialog box to generate the Preloader files.
8. Click Exit in the BSP Editor dialog box to exit the application.
9. In the Embedded Command Shell, execute the following commands:

« ¢d <SoC EDS installation directory>\examples\hardware\cv_soc_devkit_ghrd\software\spl_bsp
« make
10. The Preloader is ready to be used in the above folder. Some of the more relevant files that are created:

« preloader-mkpimage.bin - Preloader with the proper header to be loaded by BootROM

« uboot-socfpga \ spl \ u-boot- spl - Preloader ELF file, to be used for debugging purposes

« uboot-socfpga \tools\mkimage.exe - Utility to add the header needed by the Preloader to recognize
the next boot stage

2. see the following boot loader settings for booting from gspi



_ _
- BSP Editor - CAProject\ SCA\FPGA\SCX_V3_010720_completegsys\syn\software\spl_bsp\settings.bsp -———— — S—— - [E=N A

File Help
Main

SOPC Information file:

CPU name:

Operating system: Preloader Version: |default =
BSP target directory: .\

EH-Settings spl.reset_assert -
[=+Common il
[ LawD1
[7] OSCATIMER1
[] SPTIMERD
{-BOOT_FROM_QSPI 7] SPTIMERA
BOOT_FROM_SDMMC
BOOT_FROM_NAND [ GPIOD
| BOOT_FROM_RAM
QSPL_NEXT_BOOT_IMAGE OE=eE
SDMMC_NEXT_BOOT_IMAGE [7] GPIO2
NAND_NEXT_BODT_IMAGE
FAT_SUPPORT [Cloa
FAT_BOOT_PARTITION [F] SDR
FAT_LOAD_PAYLOAD_NAME
splwarm_reset_handshake =
FPGA
[C] SDRAM
spl.boot

|| WATCHDOG_ENABLE
CHECKSUM_NEXT_IMAGE
[C] EXE_ON_FPGA

FPGA_MAX_SIZE: 0x10000
FPGA_DATA_BASE: 0xfff0000
FPGA_DATA_MAX_SIZE: 010000

STATE_REG_ENABLE
BOOTROM_HANDSHAKE_CFGIO
WARMRST_SKIP_CFGIO

|| SDRAM_SCRUBBING
SDRAM_SCRUB_BOOT_REGIOM_START:  |0x1000000

SDRAM_SCRUB_BOOT_REGION_END 0x2000000

4 [ »

Information |Prob\ems Prccessmg‘

@ Searching for BSP components with category: driver_element

@ Searching for BSP components with category: software_package_element

@ Added operating system component "spl: 1.0"

@ Generated file "C:\Project\SCX\FPGA\SCY_V3_010720_completeqsys\syn'software\spl_bsp\settings.bsp™
@ Generating BSP files in "C:\Project\SCX\FPGAVSCX_V3_010720_completeqsys'\syn'software\spl_bsp™

@ Generated file "C:\Project\SCX\FPGA\SCY_V3_010720_completeqsys\syn'software\spl_bsp\settings.bsp™
@ Td message: "Reading preloader settings dir: C:\Project\SCX\FPGAVSCX_V3_010720_completegsys\synthps_isw_handoffiComplete_Qsys_Package_hps_0" -

Generate || [ Exit




-
= BSP Editor - C:\Project\SCX\FPGANSCX_V3_010720_completegsys\syn\software\spl_bsp\settings.bsp

File Help

Main

SOPC Information file:
CPU name:
Operating system: Preloader
BSP target directory: .\

[-Gettings
[=-Common

=-spl

‘PRELOADER_TGZ

-CROSS_COMPILE

[=-boot

:~BOOT_FROM_QSPI

| FAT_LOAD_PAYLOAD_NAME

BOOT_FROM_SDMMC
BOOT_FROM_NAND
BOOT_FROM_RAM
QSPI_NEXT_BOOT_IMAGE
SDMMC_NEXT_BOOT_IMAGE
NAND_NEXT_BOOT_IMAGE
FAT_SUPPORT
FAT_BOOT_PARTITION

<

[T ] »

Version: |default

FPGA
ETR
[] sSDRAM

spl.boot

[T WATCHDOG_ENABLE
CHECKSUM_NEXT_IMAGE
[T EXE_ON_FPGA
FPGA_MAX_SIZE:

FPGA_DATA_BASE:

FPGA_DATA_MAX_SIZE:

STATE_REG_ENABLE

BOOTROM_HANDSHAKE_CFGIO

WARMRST_SKIP_CFGIO
[7] SDRAM_SCRUBBING

SDRAM_SCRUB_BOOT_REGION_START:

SDRAM_SCRUB_BOOT_REGION_END

SDRAM_SCRUB_REMAIN_REGIONM
spl.debug

[7] DEBUG_MEMORY_WRITE
DEBUG_MEMORY_ADDR:

DEBUG_MEMORY_SIZE:
] SEMIHOSTING

[ HARDWARE_DIAGMOSTIC
[7] SKIP_SDRAM

spl.performance

[7] SERIAL_SUPPORT

010000

0xfF0000

0x10000

0x1000000

02000000

OxfTd00

0x200

mn

1

Information |Prob\ems Processing

@ Searching for BSP components with category: driver_element

@ Searching for BSP components with category: software_package_element
@ Added operating system component "spl: 1.0"
@ Generated file "C:\Project\SCX\FPGA\SCY_V3_010720_completeqsys\syn'software\spl_bsp\settings.bsp™

@ Generating BSP files in "C:\Project\SCX\FPGAVSCX_V3_010720_completeqsys'\syn'software\spl_bsp™

@ Generated file "C:\Project\SCX\FPGA\SCY_V3_010720_completeqsys\syn'software\spl_bsp\settings.bsp™

@ Td message: "Reading preloader settings dir: C:\Project\SCX\FPGAVSCX_V3_010720_completegsys\synthps_isw_handoffiComplete_Qsys_Package_hps_0"

[em | »

Generate

ll

Exit

3. For the debugging, the preloader ELF file (u-boot-spl) should be imported to the DS-5
debugger

after generate the preloader, use the embedded shall to generate the preloader ELF file.

First, specify the path of preloader (cd: .....) that it is already generated, then write “make clean” or

“make clean-al

III

, then “make uboot”.




i ' Jcygdrive/c/Project/SCH/FPGASSCY_V3_010720 completeqgsys/syn/software/spl_bsp |ﬂ|i‘]

GA-SCR_U3_B187280_conmpletegsyss/synssof twaresspl_bspruboot—socfpgarsspl-shoardsalter
assocfpyassdramslibsocfpga—sdram.o scygdrive/c/Project SCE FPGA/SCH_U3I_B18720_co
mpletegsysssynssof tuaresspl_hsprsuboot—socfpgassplscommonslibcommon.o Acocygdriversc
AProject /SCHA/FPGAASCH_U3_B10720_completegsys/syns/softwaresspl_bspsuboot—socfpga
=plscommonssplslibspl.o soygdriversc/ProjectsSCH/FPGA-SCH_U3_B18720_completegsyss
zynssoftwares/spl_bspsuboot—socfpgassplsdrivers/dmaslibdma.o Acygdrivesc~Project/
SCHAFPGA/SCA_U3_8108728_completegzys/synssof twaresspl _bhspsuboot—socfpgarsspl/drive
rs/mtd/spislibspi_flash.o Acygdrivesc/Project/SCHAFPGA-/SCH_U3_P18Y20_completeqgsy
zssynssof tuware sspl_hspsuboot—socfpgassplrsdriverssspislibspi.o AeygdrivescsProjec
t/SCHA/FPGA/S5CH_U3_B10720_completegsysssyns/softuaresspl_hspsuboot—socfpgarssplslih
/lihgeneric.u ! sed —n —e /. u_boot_list[®™ In+/ ¥ {d;n}’ —e *s/.%{\_u_boot_1
ist [ IsesDo=5810 —e s [ONL TIN5/ —e tos AT ONESS { passtsoE IS L IONL IS N
A3h = 3 1| sed —n —e ‘hissSarpigissS/@-/pigssrs5-~p;* | LC_COLLATE=C sort —u !
sed —n —e '/a%s { osANL/_lgisssabs__start = Lisps 2 o—e oS L osANL/giss g
end = .;/p; ¥ —e '/BR5. { s wORS=(SORT(N1 . =3)5-p ' > seygdriversc/Projects
SC?/PPGH/SCH_H3_EIB?2B_pumpleteqsys/syn/software/spl_bsp/uhout—sucfpga/spl/u—huu
t.1st
arm—altera—eabi—gce -E —gy -0s —fno—common —-ffixed-»8 —msoft-float -1/ cygdriv
esc/Project /SCRAFPGA/-SCE_U3_A1A720_completegqsysssynssoftwaresspl_hspsuboot—socfp
gqa<hoard-salterassocfpga —I/cygdrivecsProject SCH-FPGA-SCE_U3_P18YZ20_completeqsy
zssynssof tuware sspl_hspsuboot—socf pgashoardrsalterassocfpgarssdram —D__KERMEL___ —ff
unction—sections —fdata—sections —-DCONFIG_SYS_TEXT_BASE=0xA180084A -DCONFIG_SFPL
TERT_BASE=-AxFFFFAARA —DCONFIG_SPL_BUILD —I-cygdrive-cProjects8CE-FPGA-SCH_U3_81
B720_conpletegsysssynssoftwaresspl_bspsuboot—socfpgasinclude —fno-builtin —ffree
ztanding —nostdinc —isystem c:iralterarsl4.1-embedded-host_toolssmentorsgnusarmsba
remetalsbin~..~lib/gcc/arm—altera—-eabis4.?.1/include —pipe —-DCONFIG_ARM -D__ARH
___ —nmthumb —-mthumb—-interwork —mabi=aapcs—linux —march=armu?—-a —include Acygdrive
sc/ProjectsSCH/FPGA-SCE_U3_P18720_completegsysssynssof tware spl_hsp-suboot—socf py
asinc ludesu—hootsu—hoot.lds.h —include rcygdriversc/ProjectsS8CH-FPGA-SCH_U3_B1872
B_completegsysssynssoftwaresspl_bspsubhoot—socfpgasincludesconfig.h —DCPUDIR=arch
Farmsopusarme? —Ircygdrivescs/Projects8CH/FPGAA/SCR_U3_A1A720_completegsysssynsso
ftwaresspl_bspsuboot—socfpgasspls. —ansi -D__ASSEMBLY__ -P - { scygdrive~sc~Proje
ct/SCRAFPGA/-SCR_U3_A18720_conpletegsysssynssoftwaresspl_bzpsuboot—socfpgasarchra
rnScpusarme Y ssocf pgasu—hoot—spl.lds » ScygdrivescsProjectsSCR-FPGA-SCE_U3_B18720
_completegzysssynssof twaresspl_hspsuboot—socfpgarssplsu—hoot—spl. 1lds
cd AcygdrivescsProject/SCHR- FPGA-SCE_U3I_B10720_completegsysssynssoftware~sspl_hsp/
uhoot—socfpgarsspls & arm—altera—eahi—-1ld -T AeygdrivescsProjectsSCE-FPGA-SCH_U3
_A18728_completegsysssynssoftwaresspl_bspsuboot—-socfpgassplsu—hoot—spl.lds ——gc—|
zections —Bstatic -Ttext BxFFFFAHPMA archrsarnscpusarme?sstart.o ——start—group arc
hsarns/cpusarme?slibarmv? .o archsarmscpusarme?ssocfpga~libsocfpga.o archsarmslih/
libarm.o hoard-salterassocfpgaslibsocfpga.o hoardralterarssocfpgarssdramslibsoctpga
—zdram.o commonslibcommon.o commonssplslibspl.o driverssdmaslibdma.o drivers-smtd
Fepislibspi_flash.o driverssspislihspi.o libh/libgeneric.o —end-group scygdrives
c/Project -SCH FPGA-SCX_U3_010728_completegsys synssof twaresspl_bhsp-uboot—socfpga
ssplrsarchrsarnslibseabi_compat.o -L c:falterasi4.1-/embedded-host_tools/mentorsgnu
/arg/haremital/hin/../lih/gcc/arm—altera—eahi/4.9.1 —lgcc —Map v—bhoot-spl.map -o
u—hoot—sp
arm—altera—eabhi—objcopy ——gap—fill=0xff -0 bhinary Acygdrive c-Project SCH-FPGA S
Ci_U3_A1A720_completeqsysssyns/sof tuwaresspl_hspsuboot—socfpgassplsu—hoot—-spl Acug
drive c Project -SCR-FPGA-SCX_U3_018728_completegsys synssof tware-sspl_hsp- uboot-s
ocf pgassplsu—hoot—spl._hin
make[2]1: Leaving directory *scygdrivesc-Project- SCR-FPGA-SCR_U3_B18728_completeqg
zysssynssof twares/spl_bspsuboot—socf pgasspl’
make[11: Leaving directory *scygdrivesc-Project-SCR-FPGA-SCR_U3_B18728_completeqg
zysssynssof twaresspl_baspsuboot—socf pga’
mkpimage ——header—version B —o preloader—mkpimage.bin uboot—socfpgassplsu—hoot-s
pl_hin whoot—socfpgasspl/u—hoot—spl.bin uhoot—socfpgassplsu—hoot—spl.bin whoot-=s
ocf pygassplsu—hoot—spl.hin

4. Flash this generated preloader-mkpimage.bin to QSPI flash using the following
command



i ' Jcygdrive/c/Project/SCH/FPGASSCY_V3_010720 completeqgsys/syn/software/spl_bsp |ﬂ|i‘]

make[1]1: Leaving directory *‘Acygdrivesc ProjectsSCH-FPGA-SCA_U3_B107280_completeg|®
sys/synssof twaresspl_bspsuboot—socfpga’

mkpimage ——header—version B —o preloader—mkpimage.bin uboot—socfpgasspl u—hoot-z
pl.bhin wboot—socfpgasspl/u—hoot—spl.bin whoot—socfpga~sspl/u—hoot—spl.bin whoot—=
ocf pygassplsu—hoot—spl_hin

% guartus_hps —c 1 —o PU preloader—mkpimage .bin
Info:
Info: Running Quartus II 64-Bit Programmer
Info: VUersion 14.1.8 Build 186 12-83-2814 S5J Full Uersion
Info: Copyright <G> 1991-2814 Altera Corporation. All rights reserved.
Info: Your uwuse of Altera Corporation’s design tools, logic functions
Info: and other software and tools,. and its AMPP partner logic
Info: functions, and any output files from any of the foregoing
Info: {including device programming or simulation files),. and any
Info: associated documentation or information are expressly subject
Info: to the terms and conditions of the Altera Program License
Info: Subscription Agreement,. the Altera Quartus II License Agreement.
Info: the Altera MegaCore Function License Agreement,. or other
Info: applicable license agreement, including, without limitation.
Info: that your use is for the sole purpose of programming logic
Info: devices manufactured by Altera and sold by Altera or its
Info: authorized distributors. Please refer to the applicahle
Info: agreement for further details.
Info: Processing started: Thoa Jul B2 13:34:18 262AQ
Info: Command: guartus_hps —c 1 —o PU preloader—mkpimage.bin
Current hardware is: USB-Blaster [USB-11
Found HPE at dewvice 1
HPS Device IDCODE: Bx4BABA477
AHB Port iz located at port @
APFB Port iz located at port 1
Boot Info: B.Bg QSPFI Flash
Double AJI Delay — 128 TCEs
Start HPS Quad SPI flash programming ...
Initialize QSPI peripheral and flash controller ...
Read Silicon ID of Quad SPI flash ...
Quad SPI Flash silicon ID iz Bx1620BAZA
Flazh device matched
Manufacturer: MICRON
Device: GQSPI_G12
Enable Four Byte Addressing ...
Sector Erasze Quad SPI flash ...
fector Erase Info: Start Addr at BxH for 4 sector(s)
Sector Erasze Quad SPI flash at A
Sector Erasze Quad SPI flash at
Sector Erase Quad SPI flash at
Sector Erasze Quad SPI flash at
Program Quad SPI flash ...
Uerify Quad SPI flash ...
Info: Quartus Il 64-Bit Programmer was successful. B errors,. B warnings
Info: Peak virtual memory: 112 megabytes
Info: Processing ended: Tha Jul B2 13:37:42 2028
Info: Elapsed time: B@:83:24
Info: Total CPU time {on all processors): BA:AA:16

m

5. Add the scatter file to your DS-5 project. The scatter file which we are using will
support the interrupts too. The interrupt is also called from the DDR3 memory.
It makes no difference in the time If we use the onchip scatter file for interrupt or
the DDR3 scatter file for the interrupt. The problem to use onchip scatter with
DDR3 scatter makes a very big out.bin file.




(o] s |

[y

B scatersca £

15 iwu 0x091200000 0x00100000
2
3 Vector Table
VECTORS 48
{
* (VECTORS, +FIRST)
3 Application Code
cooz 49
* (480, 4R, +21)

15 5 256 Byte stack
166 ARM_LIB_STACK 40 EMPTY 0x0108

i
13 3

%

k8 Heap (not used)
LTB_HEAP 40 EMPTY 0x010000

]

}

ol

I scatersca |

» @b SORAM

3 Problems 1 & Teks [ Comsole [T Propesties [l Commands % Debug Control
0 errors 71 warnings, 0 others

& #183-0: enumeated type mixed vith anather type

i |

hal_gpiop

Abbildung 1: DDR3 interrupt

et

2:2




T+ - scxp/scatter st - Ecipse Platform _ - ol

Fle Edn Souce Relactor Novigste Search Project Run Window Help
. D@ @ N B0 A & =
1P - © hal_timer, hal_comenan. ey =0 Outl L

ot OCRAM
ok SDRAM
* (vecToRs, +FTST)
i
(8o, +8, +
}
i}
(
t
(480, +Ri, 4I1)
}
n ey
HAL
£ #1550 uac
2 R Patn
i gpio
i gpic.
hal_gpiop
bl gpiop e
hlgpiop  fsen,
hal_gpiop
hal_gpiop
Witsble Tnset 0:1

Abbildung 2: onchip for interrupt and the remaining program from DDR3

6. In the DS-5 the project settings use the fromelf as shown below this will generate
the binary file after you compile the baremetal code.

Type filter tect Settings -
Configuration: [Bebug [ Actve ] = | [ Manage Configuntions.

1) Tool Settings | Guild Steps | Buid Artdact | [} Binary Parsers | @ ErrorParsers

Pre-buid steps
Command:

Restore Detauits| | Apply

7. After getting the out.bin file add the boot header using the following command

mkimage -A arm -O u-boot -T standalone -C none -a 0x02100000 -e 0 -n "baremetal image" -
d hello_world.bin hello_world.img

here “0x02100000” depends on the scatter file used in the project



used the following command for the scatter file shown in Abbildung 2

B ' fcygdrive/c/Project/SCH/FPGA/SCH_V3_010720_completeqsys/syn/software/spl_bsp |£I-g—hj

mkpimage ——header—version B —o preloader—mkpimage.bin whoot—socfpgassplsu—hoot—=
pl_bin uhoot—socfpgassplsu—boot—=spl_.bin uboot—socfpgassplsu—hoot—spl.bin wbhoot-s
ocfpgasspl/u—hoot—=spl.hin

% guartus_hps —¢ 1 —o PV preloader—mkpimage.bin

Running Quartus II 64-Bit Programmer
Info: Uersion 14.1 .8 Build 186 12-83-2814 5J Full Uersion
Info: Copyright ¢G> 1991-2014 Altera Corporation. All rights reserved.
Info: Your wuse of Altera Corporation’s design tools. logic functions
Info: and other software and tools, and its AMPP partner logic
Info: functions, and any output files from any of the foregoing
Info: {including device programming or simulation files?,. and any
Info: associated documentation or information are expressly subject
Info: to the terms and conditions of the Altera Program License
Info: Subscription Agreement. the Altera Quartus Il License Agreement.
Info: the Altera MegaCore Function License Agreement, or other
Info: applicable license agreement,. including, without limitation,.
Info: that your use iz for the sole purpose of programming logic
Info: devices manufactured by Altera and sold hy Altera or its
Info: authorized distributors. Please refer to the applicable
Info: agreement for further details.
Info: Processing started: Thu Jul 682 13:34:18 20828
Info: Command: guartus_hps —c 1 —o PU preloader—mkpimage.hin
Current hardwvare is: USBE-Blaster [USB-11
Found HPS at dewvice 1
HPS Device IDCODE: Bx4BABA477?
AHB Port iz located at port A
APE Port iz located at port 1
Boot Info: 3.8U QSPI Flash
Clock Select: A
Douhle AJI Delay — 128 TCKs
Start HPS Quad SFI flash programming ...
Initialize QSPI peripheral and flash controller ...
Read Silicon ID of Quad SPI flash ...
Quad SPI Flash silicon ID iz BAx1B2@BAZA
Flazh device matched
Manuf acturer: MICRON
Device: QSPI_5S12
Enahle Four Byte Addressing ...
Sector Erasze Quad SPI flash ...
Sector Erase Info: Start Addr at BxA for 4 sectords)
Sector Erase Quad SPI flash at Bx
Sector Erase Quad SPI flash at Bx
Sector Erasze Quad SPI flash at
Sector Erase Quad SPI flash at

Info: Quartus II 64-Bit Programmer was successful. B errors,. B warnings
Info: Peak virtual memory: 112 megabytes
Info: Processing ended: Thua Jul B2 13:37:42 2828
Info: Elapsed time: B@:83:24
Total CPU time <(on all processors)>: BA:A6:10

—A arm —0 u-boot -T standalone —C none —a BxAABAAEHMA —e B —n "haremet

scx_hps.bin outfile _out.img

8. After executing command for the shown scatter file will add the header
information and generate outfile_out.img
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Rezent Plsces
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The following header is added in the binary file

0 HxD
File Edit Search View Analysis Extras Window 7

i %~ G Bl <y 16 [7]] Anst [7]] pex &

5| scchpshbin| 5| outfile outimg

4] C\Project\SCX\FPGA\SCX _V3_010720_c

_bsp - out.img

Offset(n) 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF
00000000
00000010
00000020
00000030
00000040 18 FO SF E5 18 FO SF E5 18 FO 9F E5 18 FO 9F E5
00000050 18 FO SF E5 18 FO SF E5 18 FO 9F E5 18 FO 9F E5
00000060 40 00 10 00 44 00 10 00 48 00 10 00 4C 00 10 00
00000070 50 00 10 00 54 00 10 00 E8 98 10 00 5C 00 10 00
00000080 91 3A 00 EA FE FF FF EA FE FF FF EA FE FF FF EA
00000090 FE FF FF EA FE FF FF EA 22 26 00 EA FE FF FF EA
00000040 00 00 00 FA 34 00 00 FA O RO 90 E8 00 0C 52 44
00000080 83 44 AR F1 01 07 D& 45 01 D1 00 FO 5F F& AF F2
000000C0O 09 OF BA E8 OF 00 13 FO 01 OF 18 BF FE 1& 43 FO
00000000 01 03 18 47 60 EC 00 00 90 EC 00 00 OX 44 4F FO
000000E0 00 OC 10 F8 01 3B 13 FO 07 04 03 BF 10 F& 01 4B
000000F0 1D 11 08 BF 10 F8 01 5B 64 1E 05 DO 10 F& 01 6B
00000100 &4 1E 01 F8 01 6B FS D1 13 FO 08 OF 1E BF 10 F&
00000110 01 4B AD 1C OC 1B 09 D1 6D 1E 58 BF 01 F8 01 CB
00000120 FA DS 05 E0 14 F&8 01 €B 01 F8 01 6B 6D 1E F9 D5
00000130 91 42 D6 D3 70 47 00 00 10 3A 24 BF 78 C8 78 C1
00000140 FA D8 52 07 24 BF 30 C8 30 C1 44 BF 04 68 0C &0
00000150 70 47 00 00 00 23 00 24 00 25 00 26 10 3A 28 BF
00000160 78 C1 FB D8 52 07 28 BF 30 C1 48 BF 0B 60 70 47
00000170 1F BS OE FO C3 FC 1F BD 10 B5 10 BD DF FE& OC DO .u.5Ad.%.u.%B2.D

) C:\ProjectSCX\FPGA\SCX_V3_010720_completegsysisyr\software\spl_bsp\scx_hps.bin

Offset(n) 00 01 02 03 04 05 06 07 08 09 OA 0B OC OD OE OF

00000000 FO 9F ES 18 FO OF E5 18 FO OF ES 18 FO OF ES []5¥a.&%4.a%4. 8%
00000010 18 FO 9F E5 18 FO 9F E5 18 FO 9F E5 18 FO 9F E5 .5%3.s5Y4.58%5.5%a

00000020 40 00 10 00 44 00 10 00 48 00 10 00 4C 00 10 00 @...D...H...L.
00000030 50 00 10 00 54 00 10 00 E8 98 10 00 5C 00 10 00 PB...T.. A
00000040 91 3A 00 EL FE FF FF EA FE FF FF EA FE FF FF EA :.8byyebyvebyye

00000050 FE FF FF EL FE FF FF EA 22 26 00 EA FE FF FF EA byvebyvars.ebyye
00000060 00 00 00 FA 34 00 00 FA OR RO 90 E& 00 OC 82 44 ...04..4. .&..,D
00000070 83 44 A F1 01 07 DA 45 01 D1 00 FO SF F8 AF F2
00000080 08 OF BA E8 OF 00 13 FO 01 OF 18 BF FB 1A 43 FO
00000090 01 03 18 47 &0 EC 00 00 OA 44 4F FO
00000040 00 OC 10 F8 01 04 08 BF 10 F8 01 4B
00000080 1D 11 08 BF 10 1E 05 DO 10 F8 01 6B
000000C0 €4 1E 01 F8 01 FO 08 OF 1E BF 10 Fg
000000D0 01 4B AD 1C OC 1E 58 BF 01 F& 01 CB
000000E0 FA DS 05 ED 14 Fg 01 6D 1E F9 DS
000000F0 91 42 D6 D3 70 3n 24 78 €8 78 C1 'BOORG
00000100 FA D8 52 07 24 c1 44 04 68 OC 80
00000110 70 47 00 00 0O 25 00 10 3A 28 BF
00000120 78 C1 FB D8 52 07 28 BF 30 C1 48 0B 60 70 47
00000130 1F BS OE FO €3 FC 1F BD 10 BS 10 DF F8 OC DO
00000140 FF F7 F6 FF 00 FO 22 E8 OE FO 80 ES 09 11 00
00000150 03 B4 FF F7 F1 FF 03 BC OE FO 80 70 40 2D E9
00000160 00 40 A0 E1 01 50 A0 E1 01 10 20 11 00 A0 E3
00000170 13 00 20 36 38 00 EB

9. Flash this image which we just created on the QSPI using the following
command.



Tools  Help

Power on the device and it should start up with your application program.

generated
uboot-socfpga
Makefie
outfle_outimg
prelosder.ds
5| prelosder-mipimage bin
] sex_hps.bin
settinashso Q2010001428 S
/SEX V30101

2 BxBARRARDA — B

ot
88088066

Verson: |defautt -

PARTITION
_PAYLOAD_NAME

FPGA_MAX_SIZE
FPGA_DATA_BASE
FPGA_DATA_MAX_SIZE

4| STATE_RE

NABLE
SHAKE_CFGIO

ING

JOOT_REGION_START:
JB_BOOT_REGION_END

7| SORAM_SCRUB_REMAIN_REGION

DEBUG_MEMORY_WRITE

u-bootimg

Generate

Extra information if needed.

The preloader ELF file is now generated and can be imported to the DS-5 debugger
through a makefile (available in my DS-5 project).

=l

SETTINUSL_SELUpLUs

@ Makefile &3

-PHOI
all:

-PHOI
clea

3(08

Ny: all
$(ELF) $(SPL)

NY: clean
n:
$(RM) $(ELF) $(SPL) $(0BI) *.objdump *.map %(HWLIBS SRC)

: $(HWLIBS_ROOT)/src/hwmgr/%.c

$(CP) $< 5@

J1): %.o0: ¥.c MakeTile
$(CC) $(CFLAGS) -c $< -0 5@

-d 5@ > $@.cbjdump

3
) $(LDFLAGS) $(0BJ) -o 3@
)
)

You need then to load the (.svd) file to have the features of accessing to soft IP register.




This file is also generated after the Qsys is compiled. To load this file (.svd) to DS-debugger, open
(Debugger configuration -- > files ) , and load the (.svd file) which located in synthesis folder (please
see the next screen shot).

The following handoff files are created when the hardware project is compiled:

+ Handoff folder — contains information about how the HPS component is configured, including things
like which peripherals are enabled, the pin muxing and IOCSR settings, memory parameters, etc

+ .svd file - contains descriptions of the HPS registers and of the soft IP registers on FPGA side
« .sopcinfo file - contains a description of the whole system

The handoff folder is used by the preloader generator to create the Preloader.

The .svd file contains the description of the registers of the HPS peripheral registers and registers for soft
[P components in the FPGA portion of the SoC. This file is used by the ARM DS-5 Debugger to allow these
registers to be inspected and modified by the user.

SOPC Information (.sopcinfo) file, containing a description of the entire system, is used by the Device Tree
Generator to create the Device Tree used by the Linux kernel.

Note: The soft IP register descriptions are not generated for all soft IP cores.

°| & Debug Configurations X

| Create, manage, and run configurations E

T Create, edit or choose a configuration to launch a DS-5 debugging session. E
% F= .

HEEEIEED Name: | Altera-50CFPGA-Hardwarelib-16550-CV-GNU-Debug |
type filter text <= Connection | [ Files ™. % Debugger| & 08 - ]

[€] C/C++ Application
[E] C/C++ Attach to Application
[£] C/C++ Postmortem Debugger
[] C/C++ Remote Application

v #% DS-5Debugger [ Stworkspace_loc;/Altera-SoCFPGA-Hardwarelib- 16550-CVGNU/main.axf)

7 Altera-SoCFPGA-HardwareLib-16550-CV-GNU-Debug

@ Iron Python Run
& Iron Python unittest
] Jave Applet
5] Java Application | Add peripheral description files fram directory
&7 Jython run
& Jython unittest
i Launch Group File System... | | Workspace...
[ pyDev Django
25 PyDev Google App Run +
& Python Run
& Python unittest
[Z, Remote Java Application

Terget Configuration
Application on host to download:

File System...| | Workspace...| [7]Load symbols

Files.

| [ DACyclone_V_SOC_sarc_fsmicv_soc_devkit_SARC\soc_fpga\synthesis

i Apply Revert
Filter matched 18 of 18 items 1
4

)

Loading the . SVD file

Additional information about Boot ROM, Preloader, and BootLoader



The following figure depicts the typical boot flow:

Figure 1. Typical Boot Flow

05 = Application

W

BootROM P  Preloader P Bootloader

Boot ROM

The HPS boot process starts when the processor is released from reset, and jumps to the reset vector address, located in the Boot ROM address space.
Typically, the main responsibilities of the Boot ROM are:

« Detect the selected boot source

« Perform minimal HPS initialization

« Load the next boot stage (typically the Preloader) from Flash to OCRAM and jump to it

The behavior of the Boot ROM is influenced by the BSEL and CSEL options, and also by the registers in System Manger (for RAM boot) as shown later in the document.

For the scenarios where the next boot stage is located in Flash, the Boot ROM can use up to four different images:

Preloader
Typically, the main responsibilities of the Preloader are:
« Perform additional HPS initialization
« Bring up SDRAM
« Load the next boot stage from Flash to SDRAM and jump to it
Currently, two different Preloader options are available:
« SPL - part of U-Boot. Provided with SoC EDS under GPL (Open Source) License
« MPL — provided with SoC EDS as an example using the HWLibs (Altera bare-metal libraries). Uses BSD license.

Note: The Preloader requires a special header to be placed at the beginning of the next stage boot image. Also, the header contains a CRC value used to validate the image.
The header can be attached to an image by using the mkimage utility that is included with the SoC EDS.

Bootloader
The Bootloader has typical responsibilities that are similar with the Preloader, except it does not need to bring up SDRAM.

Because the Bootloader is already residing in SDRAM, it is not limited by the size of the OCRAM. Therefore, it can provide a lot of features, such as network stack support.



