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1.

Introduction to scatter loading in KEIL

In the project generated by KEIL's default configuration, MDK will get the FLASH and RAM
size information of the chip according to the chip model we configured in the option, and will
automatically generate a scatter-loading named after the project name with the suffix * .sct
File (Linker Control File, scatter loading), the linker determines the allocation address of each
section on the memory according to the configuration of the generated scatter-loading file.
Therefore, we can modify the file to store the specified code section in different locations.

This application note is based on the GD32F4xx series, using the GD32F450i-EVAL board,
the keil version is 4.74.0.22, and the compiler version is V5.03.0.76, which describes how to
implement the following functions:

Load global variables to the specified location.

Load function to the specified location.

Load array to the specified position.

Load .c file to the specified location.

The above function is loaded to the designated location of SDRAM.
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2.

2.1.

Implementation of scatter-loading in KEIL

Use manually written sct files

This project directly uses the 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 sct file of the project The related configuration is
shown in Figure 2-1. Use manually written sct file.

Figure 2-1. Use manually written sct file

K Options for Target 'GD32F4XX *
Device | Targst | Dutput | Listing | User | C/0++ | hem Linker ]Debug | Utilities |
ﬁ lﬁi Memog Layout from Taﬁet Dis ED %/0 Base: ,7
[~ Make RW Sections Position Independent R/O Base: IW
[ Make RO Sections Position Independent e ,W

™ Dont Search Standard Libraries
Iv¥ Report ‘might fail' Conditions as Emors

dizable Wamings: |

Scatter [\GD32F450.5ct | la
File H

Misc
controls

Linker |-cpu Cortex-M4fp "o -
control  |ibrary_type=microlib —strict —scatter " \GD32F450.sct"
string

0K | Cancel | Defaults | Help |

Similarly, you can also go to the project directory "GD32F4xx_ScatterLoading v1.0.0 \
Project \ Keil_project \ MDK-ARM \ GD32F450.sct" to edit it, the file opening code is shown
in Table 2-1. GD32F450.sct code.

Table 2-1. GD32F450.sct code

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

LR_IROM1 0x08000000 Ox0001ffff { ; load region size_region
ER_IROM1 0x08000000 0x0001ffff { ;load address = execution address
*.0 (RESET, +First)
*(InRoot$$Sections)
}
RW_IRAM1 0x20000000 0x00001000 { ; RW data
ANY (+RW +2Z1)

}
ER_ISDRAM_FUNC 0xc0000000 0x00001000 {
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*(SDRAM_FUNC)
}
ER_ISDRAM_ARRAY 0xc0001000 0x00001000 {
*(SDRAM_ARRAY)
}
ER_ISDRAM_0OBJ 0xc0002000 0x00001000 {
test.o (+RO)

[*** Array scatter loading ***/
LR_IROM2 0x08020000 0x0001ffff {
RW_IRAM_Array 0x20001000 0x00000020 {
main.o(RAM_Array)

}

[**** File scatter loading ***/
LR_IROM3 0x08040000 0x0001fff {
ER_IROM_Object 008040000 Ox0001ffff {
gd32f4xx_it.o (+RO)
}
RW_IRAM_Object 0x20001100 0x00000100 {
hw_config.o (+RO)

}

[**** Function scatter loading ***/

LR_IROM4 0x08060000 0x0001ffff {

ER_IROM_FUNC 0x08060000 0x0001ffff {
main.o(ROM_FUNC)

}

ER_IRAM_FUNC 0x20001200 0x00000100 {
main.o(SRAM_FUCN)

[****  \ariable scatter loading ***/

LR_IROM5 0x08080000 0x0001ffff {

ER_IROM_VARIABLE 0x08080000 0x0001ffff {
main.o(ROM_VARIABLE)
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2.2.

LR_IROM6 0x080a0000 0x0025ffff {
ER_IROM4 0x080a0000 0x0025ffff {
ANY (+RO)
ANY (+XO)
}
}

The red part is the main part of the code added to achieve the scattered loading function,
which will be analyzed in detail below.

Load global variables to the specified location

Method 1: Add the following code to the GD32F450.sct file, as shown in Table 2-2.
GD32F450.sct loads the global variable to the specified location code.

Table 2-2. GD32F450.sct loads the global variable to the specified location code

[****  Variable scatter loading ***/
LR_IROMS5 0x08080000 0x0001ffff {
ER_IROM_VARIABLE 0x08080000 0x0001ffff {
main.o(ROM_VARIABLE)

}

The above code loads the ROM_VARIABLE section in the main.o module to the starting
position of 0x08080000. The global variables defined in the main.c file are shown in Table
2-3. Load the global variable to the specified location code in main.c 1.

Table 2-3. Load the global variable to the specified location code in main.c 1
/* load the variable testValue_ ROM to flash address 0x08080000 */
uint32_t testValue_ROM __ attribute__ ((section("ROM_VARIABLE")))=5;

Method 2: Add __attribute __ ((at (xxx))) after the global variable. This routine defines the
variable uint32_t testValue_ RAM in main.c.

Table 2-4. Main.c loads the global variable to the specified location code 2
/* load the variable testValue  RAM to ram address 0x20003000 */
uint32_t testValue_RAM __ attribute__ ((at(0x20003000)))=6;

Table 2-5. Load the global variable to the specified location and print the result
variable testValue_ROM address is 0x8080000
variable testValue_RAM address is 0x20003000
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2.3.

Load the function to the specified location

Add the following code to the GD32F450.sct file, as shown in Table 2-6. Load the function
to the specified location code in GD32F450.sct.

Table 2-6. Load the function to the specified location code in GD32F450.sct
[**** Function scatter loading ***/
LR_IROM4 0x08060000 0x0001ffff {
ER_IROM_FUNC 0x08060000 0x0001ffff {
main.o(ROM_FUNC)

}
ER_IRAM_FUNC 0x20001200 0x00000100 {
main.o(SRAM_FUCN)

}

The above code will load the ROM_FUNC section and SRAM_FUCN section in the main.o
module to the starting position of 0x08060000 and 0x20001200, respectively. In the main.c
file, allocate the delay function and the fil_TX Data function to ROM_FUNC and
SRAM_FUCN respectively, and the code is shown in Table 2-7. Load the function to the
specified location code in main.c.

Table 2-7. Load the function to the specified location code in main.c

/* 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_ti;
for(i=0;i<Ox2fffff;i++);

}

/* load the function fill_TX_Data() to sram address 0x20001200 */

[+
\brief fil_TX_Data program
\param[in] none
\param[out] none
\retval none

*/

void fill_TX_Data(void) __attribute__((section("SRAM_FUCN")));
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2.4.

void fill_TX_Data()

{
uint32_ti;
for(i = 0;i<5;i++)
{
TX_Data[i] = i;

}

The program debugging results are shown in Figure 2-2. Use manually written sct file.

Figure 2-2. Use manually written sct file

Load the array to the specified location

Method 1: Add the following code to the GD32F450.sct file, as shown in Table 2-8. Load the
function to the specified location code in GD32F450.sct.

Table 2-8. Load the function to the specified location code in GD32F450.sct

[*** Array scatter loading ***/
LR_IROM2 0x08020000 0x0001ffff {
RW_IRAM_Array 0x20001000 0x00000020 {
main.o(RAM_Array)

}

The above code loads the RAM_Array section in the main.o module to the starting position of
0x20001000, and defines the array TX_Data [] in main.c. The codes are shown in Table 2-9.
Code to load the array to the specified location in main.c 1.

Table 2-9. Code to load the array to the specified location in main.c 1
/* load the array TX_ Data[5] to sram address 0x20001000 */
uint32_t TX_Data[5] __attribute__((section(".bss.RAM_Array")))={0};

10
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Method 2: Add __attribute __ ((at (xxx))) after the array. This routine defines the array test in
main.c and the const char constdata [] code in the const-data.c file as shown in Table 2-10.
Code to load the array to the specified position in data.c. As shown, define test_sram []
in main.c, the code is shown in Table 2-11. Code to load the array to the specified location
in main.c 2.

Table 2-10. Code to load the array to the specified position in data.c

/* Load const array constdata to address 0x08001000 */

const char constdata[] __attribute__ ((at(0x08001000))) ={
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,

}

Table 2-11. Code to load the array to the specified location in main.c 2
/* load the array test_sram[5] to sram address 0x20007000*/
uint32_t test_sram[5] __attribute__ ((at(0x20007000)))={1,2,3,4,5};

Print the array address through the printf function, the results are shown in Table 2-12. Load
the array to the specified position and print the result.

Table 2-12. Load the array to the specified position and print the result
constdata address is 0x8001000

TX_Data address is 0x20001000

test_sram address is 0x20007000

The program debugging results are shown in Figure 2-3. Debugging result of the array
loaded to the specified position.

Figure 2-3. Debugging result of the array loaded to the specified position

Memory 1 o @ Memory 1 a |
Address: [0<08001000 T~ | hddress: [3<20001000
0x08001000: 52 49 46 4€ 0x20001000: 00 Q0 00 00
0x08001004: B4 5C 03 00 0x20001004: 00 00 00 00
0Ox0OS001008: 57 41 56 45 0x20001008: 00 00 00 OO
0x0800100C: &6 &D 74 20 0x2000100C: 00 00 00 OO
0x08001010: 10 00 00 00 0x20001010: 00 00 00 00
0x08001014: 01 00 02 0O avonnniniar anoan oo nn
0x08001018: 80 3E 00 00 Memory 1 e x|
0x0800101C: 00 FA 00 00 — .
0x08001020: 04 00 10 00 Address: | (20007000

0x08001024: 64 61 74 61
0x08001028: 90 5C 03 00
0x0800102C: 00 00 00 00
0x08001030: 00 00 00 00
0x08001034: 00 00 00 00
0x08001038: 00 00 00 00
0x0800103C: 00 00 00 00
0x08001040: 00 00 00 QO
0x08001044: 00 00 00 00
0x08001048: 00 00 00 00
0x0800104C: 00 00 00 00
0x08001050: 00 00 00 00

0x20007000: 01 0O 00 0O
0x20007004: 02 00 00 0O
0x20007008: 03 00 00 00
0x2000700C: 04 00 00 00
Ox20007010: 05 00 00 00

11
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2.5.

Load the .c file to the specified location

Add the following code to the GD32F450.sct file, as shown in Table 2-13. Code to load the
file to the specified location in GD32F450.sct.

Table 2-13. Code to load the file to the specified location in GD32F450.sct
[****  File scatter loading ***/
LR_IROM3 0x08040000 0x0001ffff {
ER_IROM_Object 0x08040000 0x0001ffff {
gd32faxx_it.o (+RO)
}
RW_IRAM_Object 0x20001100 0x00000100 {
hw_config.o (+RO)

}

The above code will load the gd32e230 _it.o file to the starting position of 0x08040000 and
the hw_config.o file to the starting position of 0x20001100. The debugging results of the
program as shown in Figure 2-4. Debuqgging result of the .c file load to the specified
location.

Figure 2-4. Debugging result of the .c file load to the specified location

34 ¢

3s ¢
36
37
38
3¢
40
41
42 void int
M a3
44
[ ] 45

47

12
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3.

3.1.

3.2.

Scattered loading of SDRAM

The basic principle of scatter loading of SDRAM

In Cortex-M4 core, we can access the addresses above 0x2000 0000 and read data and
instructions through the system bus, but in the default configuration of the kernel, some
addresses are in the address segment that prohibits execution of instructions, so the code is
loaded onto this segment, and an error occurs during execution. The address allocation of
SDRAM in EXMC of GD32F450 is 0xC00000000-0xDFFFFFF located in this address
segment.

In response to the above problems, there are two solutions to achieve scatter loading in
SDRAM:

1. Configure the MPU (Memory Protect Unit) register to make the 0xC0000000 address
segment executable (this example will use this implementation).

2. Adopt memory mapping method (map SDRAM address segment to executable area by
configuring SYSCFG register).

Implementation of SDRAM distributed loading

Add the following red font codes to the GD32F450.sct file. The codes are shown in Table 3-1.
SDRAM scatter-loading implementation code in GD32F450.sct.

Table 3-1. SDRAM scatter-loading implementation code in GD32F450.sct
LR_IROM1 0x08000000 0Ox0001ffff { ; load region size_region
ER_IROM1 0x08000000 Ox0001ffff { ; load address = execution address
*.0 (RESET, +First)
*(InRoot$$Sections)
}
RW_IRAM1 0x20000000 0x00001000 { ; RW data
ANY (+RW +ZI)
}
ER_ISDRAM_FUNC 0xc0000000 0x00001000 {
*(SDRAM_FUNC)
}
ER_ISDRAM_ARRAY 0xc0001000 0x00001000 {
*(SDRAM_ARRAY)
}
ER_ISDRAM_OBJ 0xc0002000 0x00001000 {
test.o (+RO)

13
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] |

The above code will load the SDRAM_FUNC segment, SDRAM_ARRAY segment and test.o
file to the starting addresses of 0xc0001000, 0xc0000000 and 0xc0002000 respectively.
Add the following code to startup_gd32f450.s, as shown in Figure 3-1. Add code to
startup gd32f450.s.

Figure 3-1. Add code to startup_gd32f450.s

/% reset Handler */

Reset_Handler FROC
EXPORT Reset Handler [WERE]
IMPCRT SystemInit
IMPCRT DoInit

IMPORT _ main

LDR RO, =5vsteminit
BLX RO

LDR R0, =DoInit
SLA

LDR ED, = main

BX RO
ENDP

The Dolint function is defined in main.c, which mainly implements EXMC initialization and
MPU related configuration. The function codes are shown in Table 3-2. Dolnit function
implementation code.

Table 3-2. Dolnit function implementation code
[*!

\brief initialize the sdram, setup the MPU
\param[in] none
\param[out] none
\retval none
*/
void Dolnit(void)

{
[* sdram peripheral initialize */
exmc_synchronous_dynamic_ram_init(EXMC_SDRAM_DEVICEO);
/* Configures the MPU regions */
mpu_setup();

}

Define the variable uint32_t testValue_ SDRAM in main.c, the array int test_sdram [5], the
function testFuncInSDRAM, and add the file test.c. The main codes are shown in_Table 3-3.
Scatter-loading into the specified location code of SDRAM.

Table 3-3. Scatter-loading into the specified location code of SDRAM
/* load the variable testValue_ RAM to sdram address 0xC0003000 */

uint32_t testValue_SDRAM __ attribute__ ((at(0xC0003000)));

/* 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 */

14
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void testFuncInSDRAM(void) __attribute__ ((section("SDRAM_FUNC")));
[* test.c */
void test_in_sdram()

{
gd_eval_led_on(LED3);

}

Table 3-4. Load variables and arrays to the specified location of SDRAM and the result
and Fiqure 3-2. Debugging result of loading the function and .c file to the designated
location of SDRAM show the results of program operation and debugging:

Table 3-4. Load variables and arrays to the specified location of SDRAM and the result
variable testValue_SDRAM address is 0xc0003000
test_sdram address is Oxc0001000

Figure 3-2. Debugging result of loading the function and .c file to the designated
location of SDRAM

172 F/*!
173

174

175

176

177 L+
178 void testFuncInSDRAM (void)
179 B¢

MOVS
B

1C40 ADDS
FSBO7F7A CMP
BCC

180 uint32_t i;
181
PP 182 for (i=0; i<1000; i++)
183 [ {
184
185
186

42 void test_in_sdram() $0x02

T$L$Sgd_eval_led_on (0xC0002000)

QV
>
S

gd_eval_led on(LED3):

15



ANO024
GD32F4xx KEIL scatter loading instructions

GigaDevice

4. Results

View the "GD32F4XX_ScatterLoading_v1.0.0\Project\Keil\MDK-ARM\ Listings \ Project. map"
file and open it as shown in Figure 4-1. Scatter loading project to compile Project.map

file.

Figure 4-1. Scatter loading project to compile Project.map file

Memory Map of the image

Image Entry point 0x080001ad

Load Region LR_TROM1 (Base: Ox08000000, Size: 0x00005550, Mawx: 0Ox0001ffff, ABSOLUTE)
Execution Region ER_ISDRAM FUNC (Base: 0xc0000000, Size: 0x00000010, Max: 0200001000, ABSOLUTE)
Base RAddr Size Type Attr Idx E Section Name Cbject
Oxe0000 0x0000000e Code RO 343 SDRIM FUNC main.o
Execution Region . ISDRAM RRRAY (Base: 0Oxc0001000, Size: 0x00000014, Max: 0x00001000, RABSOLUIE)
Base Rddr Size Type Attr Idx E Section NHame Ckject
Q0001000 0x00000014 Data B 354 SDRAM ARRAY main.o
Execution Region ER_ISDRAM OBJ (Base: Oxc0002000, Size: 0x00000014, Max: 0x00001000, RBSOLUTE)
Base RAddr Size Tyvpe Lttr Idx E Section Name Okject
0xc0002000 0x0000000a Ven RO €342 Veneer;iCode anonj(3obj.o
0xc000200a 0x0000000a Code RO 444 i.test_in_sdram test.o

Load Region LR_IRCMZ (Base: Ox02020000, Size: 0xz00000014, Max: Ox0001££££, ABSCLUIE)
Execution Region RW_IRRM Array (Base: 0x20001000, Size: 0x00000014, Max: 0x00000020, ABSOLUIE)
Base RAddr Size Type Attr Idx E Section Name Chject
022000100 0200000014 Data =i0) 352 -bss _RAM Rrray main.o

Load Region LR_IRCM3 (Base: 0Ox08040000, Size: 0Ox00000050, Max: Ox0001f£fff, ABSOLUIE)
Execution Region ER_IROM CObject ase: 0x03040000, Size: Ox00000038, Max: Ox0001f ABSOLUTE)
Base Rddr Size Tvpe Attr E Section Name Object
008040000 000000004 Code RO i.BusFault_Handler gd32f4xzx_it.o
0x08040004 0x00000002 Code RO i.DebugMon_Handler gd3Zf4xx_it.o
0x0804000€ 020000001 Code RO i.EXTI10_15_IRQHandler gd32£fdxx it.o
0202040022 0200000004 Code RO i.HardFault_Handler gd32fdxx it.o
0x08040026 000000004 Code RO i.Memlanage_ Handler gd32féxx_it.o
0x0804002a 0200000002 Code RO i.NMI_Handler gd32fdxx it.o
0x0804002c 0200000002 Code RO i.PendSV_Handler gd32fdxx it.o
0:20204002e 02200000002 Code RO i.5VC_Handler gd32£fdnx it.o
0x05040030 0x00000002 Code RO i.5ysTick_Handler gd3Zfdxx_it.o
0x08040032 0200000004 Code RO i.UsageFault Handler gd32f4xx it.o
Execution Region BW_IREM Object (Base: 0x20001100, Size: 0x00000018, Max: 0:x00000100, RBSOLUTE)
Base Rddr Size Type Attr Idx E Section NHame Ckject
0220001100 0x0000000a Ven RO €343 VeneeriiCode anon(obj.o
0:2000110a 020000000 Code RO 424 i.interrupt config hw config.o

Load Region LR_IRCHM4 (Base: Ox08080000, Size: 0x0000002c, Max: Ox0001££££, ABSOLUIE)
Execution Region ER_IRCM FUNC (Base: 0x050€0000, Size: 0x00000014, Max: 0x0001£fff, ABSOLUIE)
Base Addr Size Type Attr Idx E Section Hame Chkject
Dz020€0 0200000014 Code RO 242 ROM_FUNC main.o
Execution Region ER_IRRM FUNC (Base: 0x20001200, Size: 0x00000015, Max: 0x00000100, ABSOLUIE)
Base RAddr Size Type Attr Idx E Section Name Chject
0220001200 Ox000000LE Code RO 344 SRAM FUCH main.o

Load Region LR_IRCMES (Base: Ox02020000, Size: 0x200000004, Max: Ox0001££££, ABSCLUIE)
Execution Region ER_IRCM VARTIABLE (Base: 0x05080000, Size: 0x00000004, Max: 0x0001£fff, ABSCLUIE)
Base RAddr Size Type Attr Idx E Section Name Chject
0208080 0200000004 Data =i0) 353 ROM_VRARIRBLE main.o

Load Region LR$5.ARM. AT 0x20002000 (Base: 0x20002000, Size: 0x00000000, Max: 0x00000020, ABSOLUTIE)
Execution Region -REM._ AT 0x20002000 (Base: 0x20002000, Size: 0x00000020, Max: 0x00000020, ABSOLUTE, UNINIT)
Base RAddr Size Type Attr Idx E Section Name Chject

0220002000 0x00000020 Zero W 5 SRRM._ AT 0x20002 gd32fdxx mpu .o

Load Region LR$5.ARM. AT 0x20003000 (Base: 0x20003000, Size: 0x00000004, Max: 0x00000004, ABSOLUTE)
Execution Region ERFF.RRM._ AT 0Ox2000300C : 0x20003000, Size: O0x00000004, Max: 0x00000004, ARBSOLUTE, UNINIT)
Base Addr Size Type Attr E Section Hame Chkject
0220002000 0200000004 Data =iy 243 SARM. AT 0x20003000 main.o

Load Region LR$3.ARM. AT 0x20007000 (Base: 0x20007000, Size: 0x00000014, Max: 0x00000014, ABSOLUTE)
Execution Region ER$F5.ARM._ AT 0x20007000 (Base: 0x20007000, Size: O0x00000014, Max: 0x00000014, RBSOLUTE, UNINIT)
Base Addr Size Type Attr Idx E Section Hame Ckject
02220007000 02200000014 Data =10y 250 SARM. AT 0x20007000 main.o

Load Region LR$3.ARM. AT 0xC0003000 (Base: 0xcO003000, Size: 0x00000004, Max: 0x00000004, ABSOLUTE)
Execution Region ER$3.ARM. AT 0xCO0030 {Base: Oxc0003000, Size: 0x00000004, Max: 0x00000004, ARBSOLUTE, UNINIT)
Base Rddr Size Tvpe Attr TIdx E Section Name Object
0xzc0003000 000000004 Data RW 351 -RRM. AT 0xC0003000 main.o

From the map file, it can be seen that the load address and execution address of each
segment conform to the specified scattered load area.
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Revision history

Table 5-1. Revision history

Revision No.

Description

Date

1.0

Initial Release

Apr.30, 2021
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