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1.

Introduction to scatter loading in Keill

In the project generated with the default configuration in Keil, MDK automatically obtains
information such as the FLASH and RAM sizes of the chip based on the chip model selected
in the options, and generates a scatter loading file (*.sct, Linker Control File) named after the
project. The linker uses the configuration of the scatter-loading file to determine the allocation
addresses of various sections in memory. Therefore, we can modify this file to specify the
placement of code sections at different memory locations.

This application note is based on the GD32H737_757 series, using the GD32H759i-EVAL
development board, Keil version 5.30.0.0, and compiler version V6.14. It describes how to
implement the following functionalities:

B Implement global variable loading to specified locations

B Implement function loading to specified locations

B Implement array loading to specified locations

B Implement .c file loading to the specified location

B Implement loading the above function to the specified location in SDRAM
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2. Implementation of scatter-loading in Keil
2.1. Use manually written .sct file

This project directly uses a manually written .sct file. Uncheck the ‘Options for
Target->Linker->Use Memory Layout from Target Dialog’ option in MDK. After unchecking,
you can directly click the ‘Edit’ button to edit the project's .sct file. Relevant configuration is
shown in Figure 2-1. Use manually written .sct file.

Figure 2-1. Use manually written .sct file

K
Device ] Target ] Output I Listing] Uzer I C/C++ (A0E) I h=m Linker lIlebug I Ttilities
¥/0 Base: |
[~ Make RW Sections Position Independent R/O Base: |D;<DSDI}DDDI}
[ Make RO Sections Position Independent RAW Base |D:<2DDI}DDDI}

[ Dont Search Standard Libraries
[v Report might fail' Conditions as Emars

disable Wamings: |

Scatter | \Objects\Project sct - «I
Fle | : =l -] )

Misc
controls
Linker |-cpu Cortex-M7fpdp "o ~
contral  |<ibrary_type=microlib —strict —scatter " \Objects'\Project sct”
string W

| O Cancel Tefaults | Help

User can also open and edit the file in the project directory
‘GD32H7xx_ScatterLoading_v1.0.0\Project\Keil_project\Objects\Project.sct'. The file
opening code is shown in Table 2-1. Project.sct code.

Table 2-1. Project.sct code

*kk

; *** Scatter-Loading Description File generated by uVision

LR_IROM1 0x08000000 0x00020000 { ; load region size_region
ER_IROM1 0x08000000 0x00010000 {

*.0 (RESET, +First)

*(InRoot$$Sections)
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}

[**** constant scatter loading ***/
ER_IROM_CONSTANT 0x08010000 0x00010000 {
main.o(ROM_CONST)

}
RW_IRAM1 0x24000000 0x00010000 { ; RW data
ANY (+RW +2Z1)

}
RW_IRAM_Array 0x24010000 0x00010000 {
main.o(.bss.RAM_Array)

}
RW_IRAM_VAR 0x24020000 0x00010000 {
*(RAM_VARIABLE)

}
ER_IRAM_ARRAY 0x24030000 0x0010000 {
*(RAM_ARRAY)

}
RW_DTCMRAM_VAR 0x20000000 0x00010000 {
*(DTCMRAM_VARIABLE)

}
ER_ISDRAM_FUNC 0xC0000000 0x00001000 {
*(SDRAM_FUNC)

}
ER_ISDRAM_ARRAY 0xC0001000 UNINIT 0x00001000 {
*(SDRAM_ARRAY)

}
ER_ISDRAM_OBJ 0xC0002000 0x00001000 {
test.o (+RO)

}
ER_ISDRAM_VAR 0xC0003000 0x00001000 {
*(SDRAM_VAR)

}
}

/**** ***/

Function scatter loading
LR_IROM2 0x08020000 0x00010000 {
ER_IROM_FUNC 0x08020000 0x00010000 {
main.o(ROM_FUNC)

}
ER_IRAM_FUNC 0x24040000 0x0010000 {
main.o(SRAM_FUCN)

}
}
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[****  File scatter loading ***/

LR_IROM3 0x08030000 0x00010000 {
ER_IROM_Object 0x08030000 0x00010000 {
gd32h7xx_it.o (+RO)

}
RW_IRAM_Object 0x24050000 0x00010000 {
hw_config.o (+RO)

}
}

LR_IROM4 0x08040000 0x00010000 {
ER_IROM4 0x08040000 0x00010000 {
ANY (+RO)
ANY (+XO0)
}
}

The red part is the main addition for implementing scatter loading. The memory distribution
diagram is shown in Figure 2-2. Memory distribution diagram in the .sct file. A detailed

analysis is provided below.
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Figure 2-2. Memory distribution diagram in the .sct file

-
unused memory
[ -1 — T T T a
0xC0004000 SDRAM
*(SDRAM_VAR) I -
— —al 0xC0003000 |
P test.o (+RO) |
. 0002000 |
7/ *(SDRAM_ARRAY)
/ | 0001000 |
/ L *(SDRAM_FUNC) |
Y [ e, _ _
/
/
/ unused memory
/
/
/
/ ) hw_config.o (+RO)
/ /
—
SRAM_FUCN,
// Yavs main.o(SRAM_FUCN) SRAM
, s -
;/ | *(RAM_ARRAY) |
/ ;o e |
/ / / | *(RAM_ARRAY) |
/ o \
/ / / | *(RAM_VARIABLE) |
/ rh \
/ / / P bss.RAM_Array |
/ I [ |
/ | Lo ANY (+RW +Z1)
Y
/ ;| \ o Eeeee————= +——0x24000000  __ ‘
/ I |
/ | |
/ unused memory | | unused memory
| |
| I
| LANY (+RO) [ / ANY (+RO)
| LANY (+X0) | | | ANY (+X0)
FLASH
| gd32h7xx_ito (+RO), I / d32h7xx_ito (+RO).
| hw_config.o (+RO) / / hw_config.o (+RO)
\ main.o(ROM_FUNC) / main.o(ROM_FUNC)
\ main.o(SRAM_FUCN) / / main.o(SRAM_FUCN)
~—— 0x08020000
\\ main.o(ROM_CONST) / main.o(ROM_CONST)
N o (ReseT, oF) /008010000 ppye——— ~—— 0x08010000
*(InRoctsSSections). *(RAM_VARIABLE). - “(InRoot$$Sections), *(RAM_VARIABLE).
T | “(RAM_ARRAY). *(SDRAM_FUNC). *(SDRAM_ARRAY) “(RAM_ARRAY). *(SDRAM_FUNC). *(SDRAM_ARRAY).
{e5t0 (1RO). "(SORAM_VAR) ANY (411 esto (+R0). “(SORAM VAR). ANY (-RW)

Load view

Execution view

Note: In Keil, the Execute-only Code compile option needs to be unchecked. See Figure 2-3.

Execute-only Code compile option.
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Figure 2-3. Execute-only Code compile option
| k4
Device l Target ] Output l Listingl User C/C++ (ACE) ]Asm l Linker ] Debug ] Utilities ]
|
Preprocessor Symbols
Define: [USE_STDPERIPH_DRIVER GD32H7XX
Undefine: |
Language / Code Generation
[ Execute-only Code Wamings: |ACHike Wamings ~ Language C: |c39 -
Optimization: |00 | I Tum Wamings into Emors Language C++: lm
[ Link-Time Optimization [ Plain Charis Signed [¥ Short enums/wchar
| [~ Split Load and Store Multiple I~ Read-Only Position Independent ™ use RTTI
[¥ One ELF Section per Function [ Read-Write Posttion Independent [ No Auto Includes
' lng!autdhe |-\ \Firmware\CMSIS\GD\GD32HTor Include:. \..\Fimware \GD 32H xx_standard_peripheral\inc J
5
Misc |
Controls
Compiler [ std=c99 -target=am-arm-none-eabi mcpu=cortex-m7 mfpu=fpv5-d 16 4mfloat-abi=hard < ~
i cortrol | fnotti funsigned-char 4short-enums fshort-wchar
I string W
|
0K | Cancel | Defaults | Help
|
2.2. Load global variables to the specified location

Add the following code to the Project.sct file. The code is shown in Table 2-2. Code to load
global variables to the specified location in Project.sct.

Table 2-2. Code to load global variables to the specified location in Project.sct

/****

***/

Variable scatter loading
RW_IRAM_VAR 0x24020000 0x00010000 {
*(RAM_VARIABLE)

}

The above code loads the specified RAM_VARIABLE section to the starting address
0x24020000. Define global variables in the main.c file as shown in Table 2-3. Code in main.c
for loading global variables to the specified location.

Table 2-3. Code in main.c for loading global variables to the specified location
/* load the variable testValue  RAM to SRAM address 0x24020000 */
int testValue_ RAM __ attribute__((section(‘RAM_VARIABLE'))) = 0xCC;

Print variable addresses using the printf function, results are shown in Table 2-4. Printed
results for loading global variables to the specified location:

Table 2-4. Printed results for loading global variables to the specified location
testValue_ RAM address is 024020000, value is 0xCC

10
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2.3.

Load the function to the specified location

Add the following code to the Project.sct file, as shown in Table 2-5. Code in Project.sct for
loading the function to the specified location:

Table 2-5. Code in Project.sct for loading the function to the specified location

/****

***/

Function scatter loading
LR_IROM2 0x08020000 0x00010000 {
ER_IROM_FUNC 0x08020000 0x00010000 {
main.o(ROM_FUNC)

}
ER_IRAM_FUNC 0x24040000 0x0010000 {
main.o(SRAM_FUCN)

}
}

The above code loads the ROM_FUNC section and SRAM_FUNC section of the specified
main.o module to the starting addresses 0x08020000 and 0x24040000, respectively. In the
main.c file, the delay function and fill TX_ Data function are assigned to ROM_FUNC and
SRAM_FUNC, respectively, as shown in Table 2-6. Code in main.c for loading functions
to the specified location is as follows:

Table 2-6. Code in main.c for loading functions to the specified location
/* load the function delay() to flash address 0x08060000*/
/*

\brief delay program

\param[in] none

\param[out] none

\retval none

¥/

void delay(void) __attribute__ ((section(‘ROM_FUNC’)));
void delay(void)

{
uint32_t i;
for(i=0;i<Ox2fffff;i++);
}
/* load the function fill_TX_Data() to sram address 0x20001200 */
/*

\brief fill_TX_Data program

\param[in] none

\param[out] none

\retval none

¥/

void fill_TX_Data(void) __attribute__ ((section(‘SRAM_FUNC’)));

11
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void fill_TX_Data()
{
uint32_t i;
for(i = 0; i < 5; i++)
{
TX_Datali] = i;
}
}
The debugging results of the program are shown in Figure 2-4. Debugging results for
loading functions to the specified location are as follows:
Figure 2-4. Debugging results for loading functions to the specified location
108 L*/ 112:
109 void delay(void) -_ attribute_ ((section("ROM_FUNC"))); @ 0x080200 sp, 3p, #0x04
110 void delay(void) 0"0502_(_’0 2 ‘f  (im0simazesee: s )Tc,mxcc
111054 e ox (1=0;1<0x2 T
mT wine3z_t i; Worososooee tore A et
L 113 for (i=0;i<0x2fffff;it+); 0x08020008 9800 LDR x0, [sp, #0x00]
8 114 |} 0x0802000A FE4FTIFE MOVW 1, $#0xFFFE
115 0x0202000E F2C0012F MOVT 1, #0x2F
1‘16 void fill‘_'I“X_Data(void) _attrihute_((section("SR_AM_FLlCI\f”)")()ﬂEEi;as;evm/b"\y o
d 117 woid fill TX Datal() 120: for(i = 0;i<5:i++)
i ﬁg { wint32 t i; P Qo::z;é;:moq 9@‘100 STR x0, [sp, #0x00]
o 120 for(i = 0;4<5;i4) ovaanionss 5800 ioR 25, (om $0w00)
121 { ) ) 0%24040008 2304 e x0, #0x04
122 TX Datal[i] = 1i; 0x2404000C DBOC BHI 0x24040028
123 } 0x2404000E ETFF B 0x24040010
124 | 3 122: IX Data[i] = i}
2.4. Load the array to the specified location
2.4.1. Uninitialized array loaded to the specified location

Add the following code to the Project.sct file, as shown in Table 2-7. Code in Project.sct for
loading uninitialized arrays to the specified location is as follows:

Table 2-7. Code in Project.sct for loading uninitialized arrays to the specified location

/*** Array scatter loading ***/
RW_IRAM_Array 0x24010000 0x00010000 {
main.o(.bss.RAM_Array)

}

The above code loads the .bss.RAM_Array section of the main.o module to the starting
address 0x24010000. The array TX_Data[] is defined in main.c, as shown in Table 2-8. Code
for loading an uninitialized array to a specified location in main.c as shown.

Table 2-8. Code for loading an uninitialized array to a specified location in main.c
/* load the array TX_Data[5] to SRAM address 0x24010000 */
uint32_t TX_Data[5] __attribute__ ((section(‘.bss.RAM_Array’)));

12
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2.4.2. Constant array loaded to a specified location
Add __ attribute_ ((section(*.ARM. __at xxxxxxxx’))) after the array. In this example, the
constant array ‘const char constdata[]" is defined in main.c, as shown in Table 2-9. Code for
loading a constant array to a specified location in main.c is shown.
Table 2-9. Code for loading a constant array to a specified location in main.c
/* Load const array constdata to address 0x08050000 */
const char constdata[] __ attribute__ ((section(*. ARM.__at_0x08050000’))) = {
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
I
2.4.3. Global initialized array loaded to a specified location

Add the following code to the Project.sct file, as shown in Table 2-10. Code in Project.sct

for loading the global initialized array to a specified location. The array “test_sram[]" is

defined in main.c, as shown in Table 2-11. Code in main.c for loading the global initialized

array to a specified location.

Table 2-10. Code in Project.sct for loading the global initialized array to a specified
location

/*** Array scatter loading ***/
ER_IRAM_ARRAY 0x24030000 0x0010000 {
*(RAM_ARRAY)

}

Table 2-11. Code in main.c for loading the global initialized array to a specified location
/* load the array test_sram[5] to SRAM address 0x24030000 */
uint32_t test_sram[5] __attribute__ ((section(‘RAM_ARRAY’))) = {1, 2, 3, 4, 5};

Using the printf function to print the array address, the results are shown in Table 2-12.
Printed results of loading the array to a specified location.

Table 2-12. Printed results of loading the array to a specified location
constdata address is 0x08050000

TX_Data address is 0x24010000

test_sram address is 0x24030000

Debugging results of the program are shown in Figure 2-5. Debugging results of loading

the array to a specified location.

13
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2.5.

Figure 2-5. Debugging results of loading the array to a specified location

Memory 1 i |
Memory 1 7 @ | [o2s010000 D ~
08050000 D ~ ||0x24010000: 00 00 00 OO
0x24010004: 01 00 QO 0O
0x08050000: 52 45 46 46 B4 5C Ox24010008: 02 00 00 0O
0x08050006: 03 00 57 41 56 45 0x2401000C: 03 00 00O QO
0x0805000C: €6 €D 74 20 10 00 0x24010010: 04 00 QOO QO
0x08050012; 00 OO0 01 00 02 00
0x08050018: 30 3E 00 00 00 FA Memary 1 +a
0x0805001E: 00 00 04 00 10 00 ~
0x08050024: €4 61 74 61 90 5C (24030000 D
0x0805002&: 03 00 00 00 00 00 0%24030000: 01 00 00 00
0x08050030: 00 00 00 00 00 00 0x24030004: 02 00 00 0O
NxN&N50N36: NN NN _FF FF FF _FF 0x%24030008: 02 00 00 00
0x2403000C: 04 00 00 00
0x24030010: 05 00 00 00

Load the .c file to a specified location

Add the following code to the Project.sct file, as shown in Table 2-13. Code for loading files
to the specified location in Project.sct.

Table 2-13. Code for loading files to the specified location in Project.sct

[****  File scatter loading ***/

LR_IROM3 0x08030000 0x00010000 {
ER_IROM_Object 0x08030000 0x00010000 {
gd32h7xx_it.o (+RO)

}
RW_IRAM_Object 0x24050000 0x00010000 {
hw_config.o (+RO)

}
}

The above code loads the specified gd32h7xx _it.o file to the starting address 0x08030000
and the hw_config.o file to the starting address 0x24050000. The program debugging results
are as follows:

Figure 2-6. Program debugging results for loading .c files to the specified location

1550/+1
Disassemt

156 \brief this function handles-external-lines-10-to-15-inter oy

157 \param[in] - -none Tes: 1T (RESET != exti_interrupt_flag_get (TAMPER KEY EXTI LINE))

e \param[out] -none @0x08030014 FO11F938 BL.W exti_interrupt_flag get (0x08041288)

15 \-: R N 0x08030018 2800 cup =0, $0x00

retval nene 008030014 DOOT BEQ 0x0803002C

160 L/ 0x0803001G E7EF 5 0x0803001E

161 void EXTI10_15_IRQHandler (void) 8 HMOVS 0, $0x01

162 H¢ gd_eval_led toggle (LEDZ) ;
> 163 if (RESET != exti_interrupt_flag_get (TAMPER_KEY EXTI_LINE)) { o Zfz fgé’D“” ;é{: 9:_:‘;*;55“‘_“‘??“ (0x0804184%)

164 gd_eval led toggle (LED2); 2% =0, o -

165 exti_interrupt_flag_clear (TAMPER_KEY EXTI_LINE); ox08: (0x08041260)

166 } 166
L N —— &
4 Disassembly 2
i 0x24050000 B580 PUSH ~
i 0x24050002 FO4F6000 MOV
i 0%24050006 2100 MovS

s nvic vector table set (N
M0x24050008 FOOOFE0L BL-W
P

pai void-interrupt _config{void} 0x2405000C BDEO poP 7,0}
430¢ SVensTTSLSSnvic vector table sec:
K 44 /*-set the-vector -table base-address-at - 0xl * 0x2405S000E F6413C81  MOVW rl2,#0x1B8L
1> a5 nvic_vector_table_set (NVIC_VECTTAB_FLASH, 0x24050012 FECOOCO4 MOV r1z,30x804
| 46 |y 0%24050016 4760 BX r12
- 0%22050018 02D1 LSRS 1,132,343 v

Note: The GD32H7xx series MCU includes ITCM SRAM and DTCM SRAM. Based on the
method provided above, you can modify the scatter-loading file according to project
requirements to load variables, arrays, functions, and files to specified regions.

14
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3. Implementation of SDRAM scatter loading
3.1. Implementation of SDRAM scatter loading

Add the following code in red to the Project.sct file, as shown in Table 3-1. SDRAM scatter-
loading implementation code in Project.sct:

Table 3-1. SDRAM scatter-loading implementation code in Project.sct
LR_IROM1 0x08000000 0x00020000 { ; load region size_region

ER_IROM1 0x08000000 0x00010000 {

*.0 (RESET, +First)

*(InRoot$$Sections)

}

/****

constant scatter loading  ***/
ER_IROM_CONSTANT 0x08010000 0x00010000 {
main.o(ROM_CONST)

}
RW_IRAM1 0x24000000 0x00010000 { ; RW data
ANY (+RW +2Z1)

}
RW_IRAM_Array 0x24010000 0x00010000 {
main.o(.bss.RAM_Array)

}
RW_IRAM_VAR 0x24020000 0x00010000 {
*(RAM_VARIABLE)

}
ER_IRAM_ARRAY 0x24030000 0x0010000 {
*(RAM_ARRAY)

}
ER_ISDRAM_FUNC 0xC0000000 0x00001000 {
*(SDRAM_FUNC)

}
ER_ISDRAM_ARRAY 0xC0001000 0x00001000 {
*(SDRAM_ARRAY)

}
ER_ISDRAM_OBJ 0xC0002000 0x00001000 {
test.o (+RO)

}
ER_ISDRAM_VAR 0xC0003000 0x00001000 {
*(SDRAM_VAR)

}
}

15
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The above code loads the SDRAM_FUNC section, SDRAM_ARRAY section, and test.o file
to the starting addresses 0xc0000000, 0xc0001000, and 0xc0002000, respectively.

Add the following code to “startup_gd32h7xx.s’, as shown in Figure 3-1. Code added in
_startup gd32h7xx.s":

Figure 3-1. Code added in “startup_gd32h7xx.s’

Y reset Handler */f
Reset Handler PFROC
EXPORT Reset Handler [WEAK]
IMPCORT SystemInit

IMPOET DolInit

IMPORT _ main

LDR R0, =SystemInit
BLX RO

LDR R0, =DoInit

=194 [

LDR R0, = main

BX RO

ENDF

The "Dolnit™ function is defined in “main.c’, which primarily implements EXMC initialization
and MPU configuration. The function code is shown in Table 3-2. "Dolnit” function

implementation code.

Table 3-2. "Dolnit’ function implementation code
/"
\brief Initialize the SDRAM, set up the MPU

\param[in] none

\param[out] none

\retval none
*/

void Dolnit(void)
{

/* Configure the clock of EXMC */

rcu_exmc_config();

/* Configure the MPU */

mpu_config();

/* Configure the EXMC access mode */
exmc_synchronous_dynamic_ram_init(EXMC_SDRAM_DEVICEO);
__l0intij;

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

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

}
}

Note: In the default configuration of the M7 core, certain address ranges are in regions where
instruction execution is prohibited. Therefore, if code is loaded into these regions, errors will

16



&

GigaDevice

AN206
Instructions for Scatter Loading in Keil MDKS5 for GD32MCU

occur during execution. The SDRAM address allocation in the GD32H7xx EXMC is
0xC0000000 - 0OxDFFFFFF, which falls within this restricted region. By configuring the MPU
(Memory Protection Unit) registers, the 0xC0000000 address range can be made executable.
The MPU configuration code is shown in Table 3-3. MPU configuration code.

Table 3-3. MPU configuration code
/¥
\brief configure MPU

\param[in] none

\param[out] none
\retval none

*/

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;
mpu_init_struct.subregion_disable = MPU_SUBREGION_ENABLE;
mpu_init_struct.instruction_exec = MPU_INSTRUCTION_EXEC PERMIT;
mpu_init_struct.tex_type =MPU_TEX _TYPEOQO;

mpu_region_config(&mpu_init_struct);
mpu_region_enable();

/* Enable the MPU */
ARM_MPU_Enable(MPU_MODE_PRIV_DEFAULT);

}

Define the variable "uint32_t testValue_ SDRAM’, the array "int test sdram[5]", the function
“testFuncInSDRAM' in “main.c’, and include the file “test.c’. The main code is shown in Table
3-4. Code for distributing variables, arrays, functions, and files to specified locations
in SDRAM

Table 3-4. Code for distributing variables, arrays, functions, and files to specified
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locations in SDRAM
/* Load the variable testValue_ RAM to SDRAM address 0xC0003000 */
uint32_t testValue_SDRAM __ attribute__ ((section(‘SDRAM_VAR’))) = 5;
/* Load the array test_sdram[5] to SDRAM address 0xC0001000 */
uint32_t test_sdram[5] __attribute__((section(‘SDRAM_ARRAY"))) = {0};
/* Load the function testFuncinSDRAM to SDRAM address 0xC0000000 */
void testFuncInSDRAM(void) __attribute__ ((section(‘'SDRAM_FUNC")));
I* test.c */
void test_in_sdram()
{
gd_eval_led_on(LED1);
}

The program execution and debugging results are shown in Table 3-5. Print results of
loading variables and arrays to specified locations in SDRAM are shown, along with
Figure 3-2. Debugging results of loading functions and ".c" file to specified locations in
SDRAM are as shown.

Table 3-5. Print results of loading variables and arrays to specified locations in SDRAM
testValue_SDRAM is 0xC0003000, value is 0x5
test_sdram is Oxc0001000

Figure 3-2. Debugging results of loading functions and ".c" file to specified locations in

40 -*-@brief. -test files run in- SDRAM. pisassembly
41 * -@param- -None a5:
42 ** Bretval -None 0xC0002000 B580 pusHE {z7, 1z}
43 *f 0xC0002002 2000 MOVS 0, #0x00
44 void test_in sdram() 461 gd_eval_led toggle (LEDL);
4501 0xC0002004 FOOOFS01 BL.W $VenSTT$L$Sod eval led toggle (0xCOO0Z00A)
1 46 | ——gd eval led toggle (LED1); 41: :_ = A
o7 - — = 0xC0002008 BDEO POP {r7,pch
47 H 5Ven$TTSLSSgd _eval_led toggle:
32 S
133 void testFuncInSDRAM() L35: sint3z v i
B 134 2>0xC0000000 BOS1 suB sp, 5p, $#0x04
{ i i 0xCO000002 2000 MOVS x0, #0x00
135 uint32_t i; 136: for(i = 0; i < OXEEEE; i+4)1
136 <o for(i-=-0; i < 0xffff;  i++) 0xCO000004 9000 STR 0, [sp, #0x00]
137 } 0xC0000006 E7FF B 0xC0000008
133 | [ 0xCO000008 9800 LDR 10, [sp, $0x00]
1za 0xCO00000A FE4FT1FE  MOVW r1, $0xFFFE

Note: When using J-Link for debugging, use the Reset configuration option and select CORE
to avoid SDRAM being reset when the MCU enters debugging, which may cause debugging
failure. As shown in Figure 3-3. J-Link Reset option configuration.
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Figure 3-3. J-Link Reset option configuration

Debug wTrace 1 Flash Down\oad]

J-Link / )-Trace Adapter SW Device

SN: ‘59768873 j IDCODE Device Name

Device: ,T SWDI| & 0x0BD12477  ARM CoreSight SW-DP
HW : Va.70 dil:| V6.70e
FW:  |J-Link V3 compiled May 7 2

Port: Max 2l

[sw ~| fsmHz || ¢ ’7
it | piota| s [

Connect & Reset Options Cache Options Download Options
Connect: [Narmal j @ ¥ Cache Code [~ Verify Code Download
¥ Cache Memory [~ Download to Flash

W Reset after Connect

Interface TCR/IP Misc
Network Settings
+ USB (" TCP/IP .
IP-Addres: Port (Auto: Autodetect JLink Info
Scan 127 .0 .0 . 1 3 0
‘ JLink Cmd ‘
State: ready
BE | g ‘

Result

User can check the

"GD32H7XX_ScatterLoading_v1.0.0\Project\Kei\MDK-

ARM\Listings\Project.map’ file to further analyze the memory distribution. Open it as shown

in Figure 4-1. Scatter Loading Project Compilation "Project.map’ File.
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Figure 4-1. Scatter Loading Project Compilation "Project.map’ File

Memory-Map-of

Load- Region

Exec-2ddr

0x03000000
0x030003a4
0x030003a4
0x030003a%
0x030003ac
0x030003ac
0x030003ac
0x080003b4
0x080003b4
0x080003b4
0x080003b%
0x080003dc
0x080003ea
0x080003ec
0x080003fa
0x020003£c

Exec-Rddr

0x03010000

Exec:Addr

0x24000000
0x24000004
0x24000008
0x2400000c
0x24000010

Exec:Addr

0x24010000

Image-Entry- point

the- image

0x080003a5

LR_IROML- (Base:-0x08000000,

Load- Addr

0x08000000
0x08000324
0x08000324
0x080003a8
0x080003ac
0x080003ac
0x080003ac
0x080003b4
0x080003b4
0x080003b4
0x080003b8
0x080003dc
0x080003ea
0x080003=c
0x080003fa
0x080003fc

Load- Addr

0x080004bc

Load: Addr

0x080004c0
0x080004cd

0x080004cE

Load: Addr

Execution-Region-ER_IROM1- (Exec-basge

Size

0x00000324
0x00000000
0x00000004
0x00000004
0x00000000
0x00000000
0x00000008
0x00000000
0x00000000
0x00000004
0x00000024
0x00000002
0x00000002
0x0000000=
0x00000002
0x000000c0

Size

0x00000004

Execution: Region:RW_IREM1. (Exec:-base:

Size

0x00000004
0x00000004
0x00000004
0x00000004
0x00001000

Size

0x00000014

Size:

0x00000530, -Max: - 0x00020000, - RBSOLUT!

0x08000000, - Load-base: - 0x08000000, - Size:- O

Type

Data
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
BRD

Data

Type

Data

E)

x000004be, - Max: - 0x00010000, - ABSOLUTE

Attr Idx E-Section-Name Object

RO 3630 RESET startup_gd32Zh7xx.o

RO 3721--%. .BRM.Collect$$5500000000- -mc_w.1(entry.o
RO 3756 -BRM.Collect$55500000001: -mc_w.l({entry2.o
RO 3758 -ARM.Collect$$5500000004 -mc_w.l({entry5.o
RO 3761 -ARM.Collect$45500000003 -mc_w.l(entryTb.o
RO 3763 .ARM.Collect$$550000000R. -me_w.1(entry3b.o)
RO 3764 JARM.Collects$s500 00B- -mc_w.l(entryda.o
RO 3766 JARM.Collects$s500 00D- -mc_w.l(entrylQla.c
RO 3768 JARM.Collects$s500 00F- -mc_w.l(entrylla.c
RO 3757 -ARM.Collect$$5500002712- -mc_w.l (entry2.o)
RO 3786 .text mc_w.l{init.c)

RO 3798 i._ scatterload copy--mc w.l(handlers.o)

RO 3799 i._ scatterload null.-mc _w.l(handlers.o)

RO 3800 i._ scatterload zeroinit:-mc_w.1({handlers.o)
RO 3747 Region$$Table anongfobj.o

Execution-Region:ER_IROM CONSTANT: (Exec-base: 0x0S8010000, -Load-base:  0x080004bc

Lrtr Idx E-Section-Hams

RO 18 ROM_CONST

0x24000000, - Load -base:- 0x080004c0, - Size: . O;

Type

Data
Data
Zero
EAD

Zero

Type

Zero

Lttr Tdx E:Section:Nams

BW 3770 .data

RW 130 .data.SystemCor:
RW 69 .bss.delay

BW 3678 STACK

Lttr Tdx E:Section:Nams

RH 15 -bss.REM RArray

Size: 0x00000004, -Max:-0x00010000, - ABSOLUTE
Object

main.o

x00001010, -Max: - 0x00010000, - ABSOLUTE
Object
mc w.l{stdout.o}

eClock: - system gd32hTxx.o

systick.o

startup_gd32h7xx.o

Execution-Region- RW_IRAM Array- (Exec-base: 0x24010000,-Load-base: 0x080004c8, - Size:  0x00000014, -Max: - 0x00010000, - ABSOLUTE)

Object

main.o

From the map file, the load addresses and execution addresses of each section can be

observed, which comply with the specified scatter loading regions.
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5.

Revision History

Table 5-1. Revision history

Revision No. Description Date
1.0 Initial Release May.30, 2025
Update AN name to “Instructions for
1.1 scatter loading in Keil MDKS5 for Feb.03, 2026
GD32MCU".
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