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1.

Introduction to scatter loading in IAR

In the project generated with the default configuration in IAR, IAR retrieves information such
as the FLASH and SRAM sizes of the MCU based on the chip model selected in the General
Options. It selects the corresponding *.icf scatter loading file (Linker Control File, scatter
loading), and the linker allocates the addresses of each section according to the configuration
in this file, generating scatter loading code. Therefore, we can modify this file to specify the
storage locations of code sections in different areas.

This application note is based on the GD32H737_757 series, using the GD32H759i-
EVAL_V1.1 development board and IAR version 8.50.9. It explains how to achieve the
following functionalities:

Load global variables to a specified location

Load functions to a specified location

Load arrays to a specified location

Implement .c file loading to a specified location

Implement the above function loading to the specified SDRAM location.
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2.

2.1.

Implementation of scatter-loading in IAR

Use manually written .icf file

This  project directly manually  written .icf file. In AR, under
“Project->Option->Linker->Config->Linker configuration file,” check the override default
option. After checking, click the “ ---” button and select the project directory
“GD32H7xx_ScatterLoading_v1.0.0\Project\lAR_project\GD32H759xM.icf”. The

configuration is shown in Figure 2-1. Use manually written icf file.

uses a

relevant

Figure 2-1. Use manually written icf file

Category: Factary Settings

General Options

Static Analysis

Runtime Checking
CJ/C++ Compiler
Assembler

#define
Config  Library Input

Diagnostics Checksum Encodings Extra Options

Optimizations  Advanced Output List

Output Converter
| | Custom Build Linker canfiguration file
| Build Actions
Override default
| D;I::nggir 3re_Library_Vl.2‘O\TemplatE\IAR_projEL‘I\GDSZH?SQXM‘H|©
CADI
CMSIS DAP Edit...

GDE Server

T4et
Jdinkf1-Trace

TI Stellaris
Nu-Link

PE micro

ST-LINK
Third-Party Driver
TI MSPFET

| TL¥DS ‘

LConfiguration file symbaol definitions: (one per line)

ok Cancel

Open GD32H759xM.icf for editing, the file opening code is shown in Table 2-1.
GD32H759xM.icf code.

Table 2-1. GD32H759xM.icf code
[*### CF##H# Section handled by ICF editor, don’t touch! ****/

[*-Editor annotation file-*/

/* IcfEditorFile="$ TOOLKIT_DIR$\config\ide\IcfEditor\cortex_v1_0.xml” */
[*-Specials-*/

define symbol __ICFEDIT _intvec_start__ = 0x08000000;

/*-Memory Regions-*/

define symbol __ICFEDIT_region_ROM1_start = 0x08000000;

define symbol __ICFEDIT_region_ROM1_end__ = 0x0801FFFF;
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define symbol __ICFEDIT_region_ROM2_start__ = 0x08020000;
define symbol __ICFEDIT_region_ROM2_end__ = 0x0802FFFF;
define symbol __ICFEDIT_region_ROMS3_start__ = 0x08030000;
define symbol __ICFEDIT_region_ROM3_end__ = 0x0803FFFF;
define symbol __ICFEDIT_region_ROM4_start__ = 0x08040000;
define symbol __ICFEDIT_region_ROM4_end__ = 0x0804FFFF;
define symbol __ICFEDIT_region_ROMS5_start__ = 0x08050000;
define symbol __ICFEDIT_region_ROM5_end__ = 0x0805FFFF;

define symbol __ICFEDIT_region_RAM1_start__ = 0x24000000;
define symbol __ICFEDIT_region_RAM1_end__ = 0x2400FFFF;
define symbol __ICFEDIT_region_RAM2_start__ = 0x24010000;
define symbol __ICFEDIT_region_RAM2_end__ = 0x2401FFFF;
define symbol __ICFEDIT_region_RAM3_start__ = 0x24020000;
define symbol __ICFEDIT_region_RAM3_end__ = 0x2402FFFF;
define symbol __ICFEDIT_region_RAM4_start__ = 0x24030000;
define symbol __ICFEDIT_region_RAM4_end__ = 0x2403FFFF;
define symbol __ICFEDIT_region_RAMS5_start_ = 0x24040000;

define symbol __ICFEDIT_region_RAMS5_end__ = 0x2404FFFF;
define symbol __ICFEDIT_region_RAM6_start__ = 0x24050000;
define symbol __ICFEDIT_region_RAMG6_end__ = 0x2405FFFF;

define symbol __ICFEDIT_region_SDRAM1_start__ = 0xC0000000;

define symbol __ICFEDIT_region_SDRAM1_end__ = 0xCOOOOFFF;
define symbol __ICFEDIT_region_SDRAM2_start__ = 0xC0001000;
define symbol __ICFEDIT_region_SDRAM2_end__ = 0xCO001FFF;
define symbol __ICFEDIT_region_SDRAMS3_start__ = 0xC0002000;
define symbol __ICFEDIT_region_SDRAM3_end__ = 0xCO002FFF;
define symbol __ICFEDIT_region_SDRAM4_start__ = 0xC0003000;
define symbol __ICFEDIT_region_SDRAM4_end__ = 0xCO00O3FFF;
[*-Sizes-*/

define symbol __ICFEDIT_size_cstack__ = 0x1000;

define symbol __ICFEDIT_size_heap__ = 0x1000;

define memory mem with size = 4G;

define region ROM1_region = mem:[from __ ICFEDIT region_ROM1_start__ to
__ICFEDIT_region_ROM1_end__J;
define region ROMZ2_region = mem:[from _ ICFEDIT region_ROM2_start__ to
__ICFEDIT_region_ROM2_end__J;
define region ROMS3_region = mem:[from __ ICFEDIT region_ROM3_ start _ to

__ICFEDIT _region_ROM3_end__];
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define region ROM4_region
__ICFEDIT_region_ROM4_end__J;
define region ROMS5_region
__ICFEDIT_region_ROMb5_end__J;

mem:[from _ |ICFEDIT_region_ROM4_start__

mem:[from _ |ICFEDIT_region_ROMS_start__

define region RAM1_region
__ICFEDIT_region_RAM1_end__J;
define region RAM2_region
__ICFEDIT_region_RAM2_end__J;
define region RAMB3_region
__ICFEDIT_region_RAM3_end__J;
define region RAM4_region
__ICFEDIT_region_RAM4_end__J;
define region RAMS5_region
__ICFEDIT_region_RAM5_end__J;
define region RAMG6_region
__ICFEDIT_region_RAM6_end__J;

mem:[from __ ICFEDIT_region_RAM1_start__

mem:[from __ ICFEDIT_region_RAMZ2_start__

mem:[from _ ICFEDIT_region_RAM3_start__

mem:[from __ICFEDIT_region_RAM4_start

mem:[from __ ICFEDIT_region_RAM5_start__

mem:[from _ ICFEDIT_region_RAMG6_start__

define region SDRAM?1_region
__ICFEDIT_region_SDRAM1_end__]J;

mem:[from __ ICFEDIT_region_SDRAM1_start__

define region SDRAM2_region = mem:[from _ ICFEDIT_region_SDRAM2_start__

__ICFEDIT_region_SDRAM2_end__];

define  region SDRAMS3 region = mem:from _ ICFEDIT_region_SDRAMS3_ start _

__ICFEDIT_region_SDRAMS3_end__];

define region SDRAM4_region = mem:from _ ICFEDIT_region_SDRAM4_start__

__ICFEDIT_region_SDRAM4_end__];

define block CSTACK with alignment = 8, size = __ ICFEDIT_size_cstack__ {};
define block HEAP with alignment = 8, size = __ICFEDIT_size_heap__ {};

initialize by copy { readwrite, section SRAM_FUCN, section SDRAM_FUNC};
initialize manually {object hw_config.o};

initialize manually {object test.o};

define block FILE {object hw_config.o};

define block FILE_init {readonly object hw_config.o};

define block SDRAM_FILE {object test.o};

define block SDRAM_FILE_init {readonly object test.o};

do not initialize { section .noinit };

place at address mem:__ICFEDIT_intvec_start__ { readonly section .intvec };

place in ROM1_region { readonly };

to

to

to

to

to

to
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2.2.

place in ROM2_region  {section ROM_FUNC };

place in ROM3_region { readonly object gd32h7xx_it.0 };

place in ROM5_region  { block FILE_init, block SDRAM_FILE_init};
place in RAM1_region  { readwrite,

block CSTACK, block HEAP };

place in RAM2_region { section .bss.RAM_Array};

place in RAM3_region { section RAM_VARIABLE };

place in RAM4_region { readwrite section RAM_Array};

place in RAM5_region {section SRAM_FUCN };

place in RAM6_region { block FILE};

place in SDRAM1_region { section SDRAM_FUNC};
place in SDRAM2_region { section SDRAM_ARRAY};
place in SDRAM3_region { block SDRAM_FILE};

place in SDRAM4_region { section SDRAM_VAR};

The red-highlighted section indicates the key additions for implementing scatter loading,
which will be analyzed in detail below.

Load global variables to the specified location

In this example, the global variable ‘uint32_t testValue RAM’ is defined in the ‘main.c’ file. By
defining the section ‘RAM_VARIABLE’, the following code is added to the ‘GD32H759xM.icf’
file, as shown in Table 2-2. Code for loading global variables to the specified location in
GD32H759xM.icf.

Table 2-2. Code for loading global variables to the specified location in
GD32H759xM.icf

define symbol __ICFEDIT_region_RAM3_start = 0x24020000;

define symbol __ICFEDIT_region_RAM3_end__ = 0x2402FFFF;

define region RAMB3_region = mem:[from _ ICFEDIT_region_RAM3_start to
__ICFEDIT_region_RAM3_end__J;

place in RAM3_region {section RAM_VARIABLE };

In ‘main.c’, the global variable ‘uint32_t testValue_RAM’ is defined. The code is shown in
Table 2-3. Code for loading global variables to the specified location in ‘main.c’.

Table 2-3. Code for loading global variables to the specified location in ‘main.c’
/* load the variable testValue  RAM to RAM_VARIABLE section */
int testValue_RAM @”RAM_VARIABLE” = 0xCC;

Using the ‘printf’ function to print the variable address, the result is shown in Table 2-4. Load
global variables to specified location and print results.
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Table 2-4. Load global variables to specified location and print results
‘testVaIue_RAM address is 0x24020000, value is 0xCC ‘
2.3. Load functions to specified location
2.3.1. Load functions to the specified location in FLASH

Add the following code to the GD32H759xM.icf file, as shown in Table 2-5. Code for loading
functions to the specified location in FLASH in GD32H759xM.icf.

Table 2-5. Code for loading functions to the specified location in FLASH in
GD32H759xM.icf

define symbol __ICFEDIT_region_ROM2_start__ = 0x08020000;

define symbol __ICFEDIT_region_ROM2_end__ = O0x0802FFFF;

define region ROMZ2_region = mem:[from __ ICFEDIT_region_ROM2_start__ to
__|ICFEDIT_region_ROM2_end__];

place in ROM2_region {section ROM_FUNC };

The above code defines a region to place the section ROM_FUNC in the address space
defined by ROM2_region. In the main.c file, the delay function is assigned to section
ROM_FUNC using “@” as shown in Table 2-6. Code for loading functions to the specified
location in main.c.

Table 2-6. Code for loading functions to the specified location in main.c

void delay(void)@"ROM_FUNC”;
void delay(void)

{
uint32_t I;
for(i=0;i<Ox2fffff;i++);
}

Debugging results of the program as shown in Figure 2-2. Debugqging results for loading

functions to the specified location in FLASH.

Figure 2-2. Debugging results for loading functions to the specified location in

10
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FLASH
113 void delay(void)B"ROM_FUNC"; - EEIEVE
114 void delay (veid) ® 0=xB802'0000: 0=x2000 HOVS RO, #0
115 [ 0=x802'0002: Oxe000 B.H 0=802'0006
116 uint32_t i; / for(i=0;i<0=2fffff it+):
© 17 B <0xoceieiive 0x802'0004: Oxlcdd ADDS RO, RO, #1
118 } for(i=0;i<0=2fffff i++);
119 0=xB802'0006: 0x4902 ILDE.¥N R1. [PFC. #0=8]
120 #pragma location = "SRAM FUCN™ 0=x802'0008: 0=4288 CHF RO. R1
121 void £i11 TX Dataf{woid): 0=x802'000a: Oxd3fb BCC.H 0=802'0004
122 void £i1l TX Data() i3
2.3.2. Load functions to the specified location in SRAM

Add the following code to the GD32H759xM.icf file, as shown in Table 2-7. Code for loading
functions to the specified location in SRAM in GD32H759xM.icf.

Table 2-7. Code for loading functions to the specified location in SRAM in
GD32H759xM.icf

define symbol __ICFEDIT_region_RAM5_start._ = 0x24040000;

define symbol __ICFEDIT_region_RAM5_end___ = 0x2404FFFF;

define symbol __ICFEDIT_region_ROM2_end__ = 0x0802FFFF;

define region RAMS5_region = mem:[from __ICFEDIT_region_RAM5_start__ to
__ICFEDIT_region_RAM5_end__J;

initialize by copy { readwrite, section SRAM_FUCN };

place in RAM5_region { section SRAM_FUCN };

The above code defines a region to place the section SRAM_FUNC in the address space
defined by RAMS_region. In the main.c file, the fil_TX_Data function is assigned to section
SRAM_FUNC using “#pragma location =", as shown in Table 2-8. Code for loading
functions to the specified location in SRAM in main.c.

Table 2-8. Code for loading functions to the specified location in SRAM in main.c
#pragma location = “SRAM_FUCN”

void fill_TX_Data(void);

void fill_TX_Data()

{
uint32_t1;

for(I = 0; 1 < 5; i++)
{
TX Data[i] = I;
}
}

Debugging results of the program as shown in Figure 2-3. Function loaded to SRAM at a

specific location program debugqgging result.

11
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2.4.

2.4.1.

2.4.2.

Figure 2-3. Function loaded to SRAM at a specific location program debugging result

T
120 #pragma location - "SRAM FUCN™ @  0x2404'0000: 022000 HOVS RO, #0
i Jcoid fill TX Dataiveid); 022404 0002: Oxe0D3 BN Dx2404 ' 000
122 void £ill_T¥ Data() TE Datali] - i
o 0:2404'0004: 024303 IDR.H Rl [BC. #Dsc]
® L 0x2404'0006: 0xf841 0x0020 STR.W RO, [R1, RO, ISL #2]
125 | <5 i+) Bt O o )
126 { =l AR
e T Dacali] - i 0x2404'000a: OxlcdD ADDS RO, RO. #1
= ) for(i = 0;i<5.it+)
120 Ly 0x2404 ' 000c: 0x2805 CHP RO, #5
130 052404000 0xd3£9 BCC. N 0:2404' 0004

Load the array to the specified location

Load the global array to the specified SRAM location

By defining section RAM_Array and adding the following code in the GD32H759xM.icf file, as
shown in Table 2-9. Code in GD32H759xM.icf for loading the global array to the specified
SRAM location:

Table 2-9. Code in GD32H759xM.icf for loading the global array to the specified SRAM
location

initialize by copy { readwrite, section SRAM_FUCN, section SDRAM_FUNC};

define symbol __ICFEDIT_region_RAM4_start = 0x24030000;

define symbol __ICFEDIT_region_RAM4_end__ = 0x2403FFFF;

define region RAM4_region = mem:[from __ICFEDIT_region_RAM4_start to
__ICFEDIT_region_RAM4_end__J;

place in RAM4_region { section RAM_Array };

Define the array test_sram[5] in main.c, as shown in Table 2-10. Code in main.c for loading
the global array to the specified SRAM location.

Table 2-10. Code in main.c for loading the global array to the specified SRAM location

#pragma location = “RAM_Array”
uint32_t test_sram([5] = {1,2,3,4,5};

Print the variable address using the printf function, as shown in Table 2-11. Print results of
loading the global array to the specified SRAM location.

Table 2-11. Print results of loading the global array to the specified SRAM location
test_sram address is 0x24030000

Load the constant array to the specified FLASH location

By adding the “@” operator, directly load the array to the specified location, as shown in Table
2-12. Code for loading the constdata constant array to the specified FLASH location.

Table 2-12. Code for loading the constdata constant array to the specified FLASH

12
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2.5.

2.5.1.

location

const char constdata[J@0x08060000 = {
0x52,0x49,0x46,0x46,0xB4,0x5C,0x03,0x00,
0x57,0x41,0x56,0x45,0x66,0x6D,0x74,0x20,
0x10,0x00,0x00,0x00,0x01,0x00,0x02,0x00,
0x80,0x3E,0x00,0x00,0x00,0xFA,0x00,0x00,
0x04,0x00,0x10,0x00,0x64,0x61,0x74,0x61,
0x90,0x5C,0x03,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00

h

Print the array address using the printf function, as shown in Table 2-13. Print results of
loading the constant array to the specified FLASH location.

Table 2-13. Print results of loading the constant array to the specified FLASH location
‘constdata address is 0x08060000

Figure 2-4. Program debugging result of loading the array to the specified location

Memaory 1

Goto 02060000 ~ || Wemary ~ T _1‘1_ mn

0=0B0S£££0 £f ff £f £f £f £f £f £f £f ff £f £f £f £f £f ff
0=08060000 52 49 46 46 b4 5c 03 00 57 41 56 45 66 6d 74 20
0=08060010 10 00 00 00 01 00 02 00 80 3= 00 00 00 fa 00 OO
0=02060020 04 00 10 00 64 61 74 61 90 S5c 03 00 00 0O 0O Q0
008060030 00 00 00 OO0 OO0 00 00 00 £f £f £f £f £f £f £f ff
008060040 £f f£f £f £f £f £f £f ff £f £f £f £f £f £f £f ff
0=08060050 f£f £f ff £f £f £f £f £f ff £f £f £f ff ff ff £f
008060060 £f £f £f £f £f £f ff ff £f £f £f £f £f £f £f ff
008060070 £f £f £f £f £f £f ff £f £f £f £f £f £f £f £f ff
0=08060080 f£f £f ff £f £f £f £f £f £f £f £f £f ff ff £f £f
N=NRNANNGN  Ff Ff ff Ff ff ff ff ff ff ff ff ff ff Ff ff ff

........ 'R

Goto |0+24030000 | |Memany v = &
e

Qw2 AD2ZFFF0  fe 00 00 f 04 ¢35 0o OC Jo €
Ox24030000 01 00 00 00 02 00 00 00 03 00 00
U4 U000 U U Ul Ul 51 od 57 el 12 29 11
0x24030020 a7 92 05 6b 08 40 49 22 31 3a el dc 85 3 a% al
Ox24030030 41 953 cb 09 =8 84 10 80 04 81 22 26 d3 14 00 =7
0x24030040 59 3a 47 06 a% 52 11 15 94 10 62 40 80 30 70 ba
0x24030050 26 92 4c 80 40 70 af 54 19 00 90 00 00 B9 22 30
0x24030060 b9 cb bo 22 10 4a 41 14 16 1d 34 Se 9d 46 29 ald
0=24030070 94 99 06 6c 4b 90 00 44 94 12 £d4 3d 0d =2 20 00
0x24030080 40 8a 3c 00 0 02 91 04 31 14 aa 10 c8 93 6e 7d
Ne?4N3NN0490  3a a1 10 =2» Af &N 3k Nh 2?4 30 14 44 81 == 0Of 3d

Load the .c file code segment to the specified location

Load the .c file code segment to the specified location in FLASH

In the GD32H759xM.icf file, the code is shown in Table 2-14. Code for loading the .c file
code segment to the specified location in FLASH in GD32H759xM.icf.

Table 2-14. Code for loading the .c file code segment to the specified location in FLASH
in GD32H759xM.icf

define symbol __ICFEDIT_region_ROM3_start = 0x08030000;
define symbol __ICFEDIT_region_ROM3_end__ = 0x0803FFFF;

13
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define region ROMB_region = mem:[from __ICFEDIT_region_ROM3_start__ to
__ICFEDIT _region_ROM3_end__7J;
place in ROM3_region { readonly object gd32h7xx_it.o };
By loading the ro section of the gd32h7xx_it.o file to address 0x08030000, the program
debugging results are shown in Figure 2-5. Loading the .c file code segment to the
specified location in FLASH.
Figure 2-5. Loading the .c file code segment to the specified location in FLASH

T EXTI10_1& IROHandler:

1ssg s . . 0x803'0018: 0xbS80 PUSH {R7, LR}

43 this fanction handles externsl lines 10 to 18 internt if (RESET |= exti_interzupt_flag_get (TAMPER KEY EXTI LI ..

7 ®  0x803'001a: 0x200d HOVS RO, #13

E:T ‘:Ewal“ one 0=803'001c: 0=xf7d2 O=fa2l BL exti_interrupt_fla

len y 0x803'0020: 0=2800 CHP RO, #0

161  void EXTT10_15_TRQHandler (void) / LS OSRUC2ZENeRd0 00 BECE =803

162 0 { - - gd_aval_led_cnggle(LEnz),
oijT fzi’;zfiﬁ‘c’;zf R 332333332 g:igg; 0x£832 ggvs za;ezil,led,mggla

165 exti_interrupt_flag_clear (TAMPER KEY EXTI_LINE); exti_interrupt_flag_clear(TAMPER KEY EETI_LINE);

166 1 0xB803'002a: 0x200d HOVS RO, #13 .

167 1 0xB803'002c: 0xf7d2 0xfa28 BL exti_interrupt_fla...

¥
2.5.2. Load the .c file code segment to the specified location in SRAM

In the GD32H759xM.icf file, the code is shown in Table 2-15. Code for loading the .c file
code segment to the specified location in SRAM in GD32H759xM.icf.

Table 2-15. Code for loading the .c file code segment to the specified location in SRAM
in GD32H759xM.icf

define symbol __ICFEDIT_region_ROMS5_start__ = 0x08050000;

define symbol __ICFEDIT_region_ROM5_end__ = 0x0805FFFF;

define symbol __ICFEDIT_region_RAM6_start_ = 0x24050000;

define symbol __ICFEDIT_region_RAM6_end__ = 0x2405FFFF;

define region ROMS5_region = mem:[from _ ICFEDIT_region_ROM5_start__ to
__ICFEDIT_region_ROM5_end__];
define region RAMG6_region
__ICFEDIT_region_RAM6_end__];

initialize manually {object hw_config.o};

mem:[from _ ICFEDIT region_RAM6_start to

define block FILE {object hw_config.o};

define block FILE_init {readonly object hw_config.o};
place in ROM5_region { block FILE_init };

place in RAM6_region { block FILE};

By manually transferring the ro section of the hw_config.o file defined in the ROM5_region on
FLASH, load it to RAM6_region. Add the transfer code function file_init in main.c, and execute
the file_init function before calling functions in hw_config.c to complete loading the .c file ro
section to SRAM, as shown in Table 2-16. Transfer code added to Main.c. The program
debugging results are shown in Figure 2-6. Loading the .c file code segment to the

specified location in SRAM.

Table 2-16. Transfer code added to Main.c

#pragma section = “FILE_init”
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{

}

#pragma section = “FILE”
void flie_init(void)

/* Data Copy */
char * from = __section_begin(“FILE_init”);
char *to = __section_begin(“FILE”);
‘memcpy(to, from, __section_size(“FILE”));’

Figure 2-6. Loading the .c file code segment to the specified location in SRAM

3¢ #include "gd32h7xx.h" ?Venesr 4 (6) for nvic_vector table_set:
35 #include "hw_config.h" FILES%Base
36 022405°0000: O0xf8df 0=f000 LDR.W PC. [PC. #0x0]
:; " @brief Set the vector table base address 0x2405°0004: 0=0800'1609 DC32 nvic_vector_table_set
=  Gparen ;,;;E“" TEEEEE RERes fame aneEmas. wvoid interrupt_config{void)
40 4 @retval None <
o > interrupt_config
42 void interrupt_config(veid) 0220 oR00TOERISEE 30 EISH {R7. IR}
50 nvic_vector_tabls_set (NVIC_VECTTAB_FLASH, 0x0000):
44 * Se ctor table base s at 0x08000000 * 0x2405'000a: 0x2100 HOVS Rl #0
=) 45T nvic_vector_table set(NVIC_VECTTAB FLASH, 0:x0000)3) 022405°000c: O0xf05f 0=6000 HMOVS.W RO, #134217728
16 | } 0x2405°0010: U=f7ff O=fffé BL ?¥enser 4 (6) for
a7 T
0 A0C 0014 Oxbdnl POP LB0 =Tk
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3.

3.1.

Implementation of SDRAM scatter loading

Implementation of SDRAM scatter loading

Add the code marked in red in startup_gd32h7xx.s as shown in Figure 3-1. Add code to
‘startup gd32h7xx.s’ for SDRAM scatter loading implementation.

Figure 3-1. Add code to ‘startup_gd32h7xx.s’ for SDRAM scatter loading
implementation

35

36 EXTERN _ jar program start
37 EXTERN SystemInit

38 EXTEEN Dolnit

39 FUBLIC _ wvector_table

40

288 Beset_Handler

287

288 LLR RO, = 0x24000000
289 Z0D Rl, RO, #0x8000

280 LLIR Rz, =0x0

291 MEM INIT STRD R2, R2, [ RO ] , #8
292 CMP RO, E1

293 ENE MEM INIT

294

285 LCR RO, =SystemInit

296 BLE RO

297 LLR RO, =DoInit

298 BLX RO

299 LDR R0, = iar program start
300 BX RO

301 PUBWEAK NMI Handler

The ‘Dolnit’ function is defined in ‘main.c’. This function mainly implements EXMC initialization,
MPU-related configuration, and completes the copying of functions or ‘.c’ files to SDRAM. The
code is shown in Table 3-1. ‘Dolnit’ function code.

Table 3-1. ‘Dolnit’ function code
‘#pragma section = “SDRAM_FILE_init™
‘#pragma section = “SDRAM_FILE™

‘void Dolnit(void)’

{
/* Configure the clock of EXMC */

rcu_exmc_config();

/* Configure the MPU */

mpu_config();
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/* Configure the EXMC access mode */
exmc_synchronous_dynamic_ram_init(EXMC_SDRAM_DEVICEOQ);
‘ _1Ointl,j;

for(i=0;i<500;i++ )}

for(j=0;j<5000;j++);

}

‘char * from = __section_begin(“SDRAM_FILE_init”);’
‘char * to = __section_begin(“SDRAM_FILE");’
memcpy(to, from, __section_size(“SDRAM_FILE"));
}

Note: In the default configuration of the M7 core, certain addresses are in regions where
instruction execution is prohibited. Therefore, if code is loaded into these regions, errors will
occur during execution. The SDRAM address allocation in the EXMC of GD32H7xx is
‘OxC0000000-0xDFFFFFFF’, which is located in such a region. By configuring the MPU
(Memory Protection Unit) registers, the ‘OxC0000000’ region can be made executable. The
MPU configuration code is shown in Table 3-2. MPU configuration code.

Table 3-2. MPU configuration code

void mpu_config(void)
{
mpu_region_init_struct mpu_init_struct;

mpu_region_struct_para_init(&mpu_init_struct);

/* disable the MPU */
ARM_MPU_Disable();
ARM_MPU_SetRegion(0, 0);

/* configure the MPU attributes for SDRAM */
mpu_init_struct.region_base_address = SDRAM_DEVICEO_ADDR,;
mpu_init_struct.region_size = MPU_REGION_SIZE 32MB;
mpu_init_struct.access_permission =MPU_AP_FULL_ACCESS;
mpu_init_struct.access_bufferable =MPU_ACCESS NON BUFFERABLE;

mpu_init_struct.access_cacheable =MPU_ACCESS_CACHEABLE;
mpu_init_struct.access_shareable =MPU_ACCESS_NON_SHAREABLE;
mpu_init_struct.region_number = MPU_REGION_NUMBERCO;
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mpu_init_struct.subregion_disable = = MPU_SUBREGION_ENABLE;
mpu_init_struct.instruction_exec = MPU_INSTRUCTION_EXEC_PERMIT;
mpu_init_struct.tex_type = MPU_TEX_TYPEQO;
mpu_region_config(&mpu_init_struct);

mpu_region_enable();

/* Enable the MPU */

ARM_MPU_Enable(MPU_MODE_PRIV_DEFAULT);

}
Add the following code to the ‘GD32H759xM.icf’ file. The code is shown in Table 3-3. SDRAM
scatter loading code in ‘GD32H759xM.icf’.

Table 3-3. SDRAM scatter loading code in ‘GD32H759xM.icf’
define symbol __ICFEDIT_region_SDRAM1_start__ = 0xC0000000;

define symbol __ICFEDIT_region_SDRAM1_end__ = 0xCOOOOFFF;

define symbol __ICFEDIT_region_SDRAM2_start__ = 0xC0001000;

define symbol __ICFEDIT_region_SDRAM2_end__ = 0xCO001FFF;

define symbol __ICFEDIT_region_SDRAM3_start__ = 0xC0002000;

define symbol __ICFEDIT_region_SDRAM3_end__ = 0xCOOO2FFF;

define symbol __ICFEDIT_region_SDRAM4_start__ = 0xC0003000;

define symbol __ICFEDIT_region_SDRAM4_end__ = OxCOOO03FFF,;

define region SDRAM1_region = mem:[from _ ICFEDIT region_SDRAM1_start __ to
__ICFEDIT_region_SDRAM1_end__];

define region SDRAM2_region = mem:[from _ ICFEDIT region_SDRAM2_start _ to
__ICFEDIT_region_SDRAM2_end__];

define region SDRAMS3 region = mem:[from _ ICFEDIT_region_SDRAM3 start _ to
__ICFEDIT_region_SDRAM3_end__];

define region SDRAM4_region = mem:[from _ ICFEDIT region_SDRAM4 start__ to

__ICFEDIT_region_SDRAM4_end__];

initialize by copy { readwrite, section SRAM_FUCN, section SDRAM_FUNC};
initialize manually {object test.o };

define block SDRAM_FILE {object test.o};

define block SDRAM_FILE_init {readonly object test.o};

place in ROM5_region  { block FILE_init, block SDRAM_FILE_init};

place in SDRAM1_region { section SDRAM_FUNC};

place in SDRAM2_region { section SDRAM_ARRAY};

place in SDRAM3_region { block SDRAM_FILE};

place in SDRAM4_region { section SDRAM_VAR};

The above code loads the ‘SDRAM_ARRAY’ section into ‘SDRAM2_region’ and uses manual
copying to load the ‘test.o’ file into ‘SDRAM3_region’.

In ‘main.c’, define the global variable ‘uint32_t testValue_ SDRAM’, the uninitialized global
array ‘uint32_t test_sdram[5]’, and the function ‘testFunclnNSDRAM’. Additionally, include the
file ‘test.c’. The main code is shown in Table 3-4. Code for scatter loading variables, arrays,
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functions, and files to specific SDRAM locations, Table 3-5. Printed Results of Loading
Variables and Arrays to Specific SDRAM Locations, and Figure 3-3. CMSIS-DAP reset
option confiquration.

Table 3-4. Code for scatter loading variables, arrays, functions, and files to specific
SDRAM locations

uint32_t testValue_SDRAM@"SDRAM_VAR” = 5;
uint32_t test_sdram[5]@"SDRAM_ARRAY”;

void testFunciInSDRAM(void)@”SDRAM_FUNC”;

void testFunciInSDRAM()
{

uint32_t [

for(l = 0; | < Oxffff; i++){

}

}

#include “gd32h7xx.h”
#include “test.h”
#include “gd32h759i_eval.h”

#include <stdio.h>

void test_in_sdram()

{
gd_eval_led_toggle(LED1);

}

Table 3-5. Printed Results of Loading Variables and Arrays to Specific SDRAM
Locations

testValue_ SDRAM address is 0xc0003000, value is 0x5
test_sdram address is 0xc0001000

Figure 3-2. Debugging results of loading functions and ‘.c’ files to specific SDRAM
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locations
T52  void tescruncInSDREM [void) " SOREN FONCT Faw(h = 0 & & Wefnin, noed
137 testFuncInSDRAN:
138 void testFuncInSDREM()
| e D000 0002: Dxs000 BN 020000006
1e0 aintsz_t is for(i = 0; i < Omffff: id+){
141 < ONELEE; i++ : :
.142 ]_1 - 2 0xc000°0004: Dxlcdl ADDS RO, R0, #1
143 1 for{i = 0: 1 < O=ffff: i++){
v Dxc000° 0006: Oxf6df Ox71EE  MOVY Rl #65535
35 #include "gd3znTax.h” T T Wemeer § (8) for gd _eval led toggle: |
B Liincinoe mteat.nm SDR&M_FILESSBase:
37 #include "gd3zn7Sed eval.n” 0=c000' 2000 Oxf8df 0=£000 LDR.W PC. [FC. #0x0]
38 #include <stdio.h> 0=cO00' 2004 0=0800°208f  DC32 gd_eval_led_toggls
380 sux void test_in_sdram()
40 * @prief test files run in SDRAM. {
1 % Bparam None test_in_sdram
a2 * @retval Nome 0xc000° 2008 0xb5E0 PUSH {R7. IR}
43 5 gd_eval led toggle{LED1):
44 void test_in_sdram() .
.:: { / 0xc000' 200c: Oxf7ff O=xiff8 BL Wenesr 5 (6) for
gd_eval_led_toggle (LEDL)}|
T
o ! 02c000°2010: Oxbdol POP {RD, PC}
N 0xc000°2012. 0x0000 HOVS RO, RO

Note: When using CMSIS-DAP for debugging, select the Reset configuration option as
“Hardware”; otherwise, debugging will fail. See Figure 3-3. CMSIS-DAP reset option

configuration.

Figure 3-3. CMSIS-DAP reset option configuration

Options for node "Project”

Categary:

General Options
Static Analysis
Runtime Checking
C/C++ Compiler
Assembler
Qutput Converter
Custom Build
Build Actions
Linker
Debugger
Simulator
CADI

s S DAP
GDB Server
Iet
JHink/1-Trace
T1 Stellaris
Mu-Link

PE micro
ST-LIMK
Third-Party Driver
TI MSP-FET
TIXDS

Factoy Settings

Setup  Interface Breakpoints
Reset
qHardware)
Duration: Delay
Emulator

DAlways prompt for
probe selection

Serial no: |:|

[[Leg communication

$PROJ_DIR$\cspycomm.log

Cancel
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4.

Result

Check

the

“GD32H7XX_ScatterLoading_v1.0.0\Project\IAR _project\GD32H7xx\List\Project. map”
results as shown in Figure 4-1. Project.map file compiled for scatter-loading project is

displayed.

Figure 4-1.

Project.map file compiled for scatter-loading project

Section

_init
Initializer bytes

SDRAM FILE_init
Initializer bytes

Absolute sections,
-rodata

"PS", part 1 of 3:
pP5-1
-data
-data

DTCMRAM VARIRBLE

"pg™,

-bss

part 2
-bss
"P5", part 3 of 3:

CSTACE
CSTACE

npgm-

-bss _RRM Rrray

Kind

ro

ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro
ro

ro

ro

code

code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code

code

code

const

const

part 2 of

const

inited
inited

inited

zero

zero

uninit

zero

Rddress

0x200" 0000
0x200'03a4

0x200'03a4
0x200"0£10
0x200"0fbe
0:2200"0££0
0x200" 146
0x200" 1608
0x200"173e
0x200"176c
02200"12b4
0x200" 1bdc
0x200" 1déc
0x200"1d74
0x2800"1d7c
0x800"1d84
0x200" 1déc
0x200"1£84

Oz
= 0x=8(

0x203"0000
- 0x203'0032

0220570000
0x205
0x205
0x205
- 0x205'002c

0x20€"0000
- Ox20&'0038

0x2400"0000
2400'0000
40070004
400" 004c
40070050

0x2400'0050
400" 00a0
400"00a4

2400'00a8
400" 00ag
0x2400"10as

4010000
224010014

Size
0x3ad
0x3ad
0x3ad

0x230c
OxbEc
Oxa€
Ox3a
OxdTe
0xl3c
0x13€
Oxle
Oxl4g
0x292
a
0x=8
0x=8
0x=8
0x8
Oxlfe
Oxb0
Oxl4
Oxl4
Oxl4

0z

0222
0x3Z
0x3Z

OxZc
dxzle
Oxle
Oxl4
Oxl4
OxZc

0x38
0x38
0x38

Qx50
0x50
Oxd
Ox42
Oxd

Qx50

0x54
0x50

Oxd
0x54

021000
021000
021000
0x1000

Oxl4
Oxl4
Oxl4

Chject

startup_gd3ZhTxz.o

gd32h7xx_rcu.o [1]
REBImemcpy.o [4]
zero_init3.o [4]
exme_sdram.o [1]
gd3ZhTxx_exmec.o
gd32ZhTxx _gpic.o
copy_init3.o [4]
gd3ZhTxx misc.o
system_gd32h7xx.o [1]
gd32h7xx_usart.o [1]
- Linker created -

- Linker created -

[11
[11

[11

- Linker created -
— Linker created -
[11

systick.o

main.o
[1]

main.o [1]

gd32h7xx_it.o [1]

<for SDRRM FILE-1:»

main.o [1]

<Init block>
system gdiZhTxx.o
xfiles.o [2]

[11

[11

main.o

xfiles.o
systick.o

[z1
[11

<Block:>
<Block tail=

main.o [1]

[1]
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2 Oxd
P7-1 0x2402" 0000 Oxd
RAM VARIRBLE inited oo Oxd

004 Oxd

TEET: Oxld
pe-1 dzrao0o00 Oxld
REM Rrray inited dzrao0o00 Oxld
0270014 Oxld

TEST: Oxls
Ps-1 0x2404"0000 Oxls
SRAM FUCH inited d4ra0o0 Oxls
0x2404'0018 Oxls

"ELO™: Oxls
FILE asraooo Oxls
FILE-1 asraooo Oxle
Veneer inited 0s5'ao0oo0 0x8

-text inited 0s5'oo0o0s Oxe
0x2405'0018 Oxls

"PL1": 0xl0
Pll-1 Oxc000" 0000 0xl0
SDRAEM FUNC inited Oxc000" 0000 0xl0
Oxcd00'0010 0xl0

TPl2": Oxld
SDRRM RRRRY zZero Oxc000" 1000 Oxld
Oxc000'1014 Oxld

"EL3T: Oxld
SDRRM FILE Oxec000 Oxld
SDRAM FILE-1 Oxec000 0x12
Veneer inited 0xc000 0x8

-text inited 0xc000 Oxa
Oxec000 Oxld

TEL4M: Oxd
Pl4-1 Oxc000" 3000 Oxd
SDREM VAR inited Oxc000" 3000 Oxd
Oxc000"3004 Oxd

<Init block>
main.oc [1]

<Init block>
main.oc [1]

<Init block>
main.oc [1]

lock>
nit block>

- Linker created -

hw_config.oc [1]

<Init block>
main.oc [1]

main.oc [1]

- Linker created -

test.o [1]

<Init block>
main.oc [1]

From the map file, the load addresses and

execution addresses of each section can be

observed, matching the specified scatter-loading regions.
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5.

Revision History

Table 5-1. Revision History

Version number Description Date
1.0 Initial Release May.30, 2025
Update AN name to “Instructions for
1.1 scatter loading in IAR for GD32 Arm Feb.03, 2026
Cortex-M processors”
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Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means a vehicle propelled by a self-
contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric cars, and other
transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be expected
to result in personal injury, death, or severe property or environmental damage (collectively ‘Unintended Uses’).
Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company
is not liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or
distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses of the Product.
Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well as its
suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims
for personal injury or death, arising from or related to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to
make changes, corrections, modifications or improvements to this document and the Product described herein at any
time without notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from
future changes to them. Information in this document supersedes and replaces information previously supplied in any

prior versions of this document.
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