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Application Note

Extending SRAM in User's Program

Introduction

This application note describes how to extend SRAM in the user program.

Applicable products:

AT32F403xx

AT32F403Axx

AT32F407xx
MCU

AT32F413xx

AT32F435xx

AT32F437xx
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1 Overview

The SRAM embedded in some AT32 MCU series offers a special SRAM extension mode for users
to modify the SRAM size by programming the EOPBO in the user system data area.

In general, it is recommended to use Artery ICP or ISP tool to configure this extension mode. When
the ICP or ISP is not supported, this is done by executing program, which is detailed in this
application note.
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2 Configuration example

In this document, the SRAM extension mode is configured by modifying the EOPBO value.
Considering that the SRAM programmable size varies from MCU series to MCU series, each AT32
MCU series is provided with a demo for user’s reference. For further details, please refer to the
appropriate reference manual or data sheet.

Here we take the AT32F403A as an example and use AT-START-F403A evaluation board. The

deom is placed in \project\at_start_f403a\examples\sram\extend_sram.
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2.1 Example case

2.1.1 Function description

The factory-default SRAM size of the AT32F403A is 96 KB, which can be extended to 224 KB by
modifying the EOPBO. The EOPBO setting value is as follows:

Table 1. AT32F403A EOPBO setting value
EOPBO: Extended option bytes

Bit 7:0 224 KB_MODE

OXFE : on-chip memory is 224 K
OxFF : on-chip memory is 96 K
Others reserved.

The EOPBO can be modified through the extend_sram() function.

With the EXTEND_SRMA marco definition, the SRAM can be extended from 96 KB (default value)
to 224 KB SRAM or from 224 KB bacl to 96 KB. The definition value of the EXTEND_SRAM is
configured in the project configuration option. Note that the use of global variables is forbidden in
this function.

After modifying EOPBO, the system reset must be performed so that the new EOPBO value takes
effect.

Figure 1. extend_SRAM function

Yoid extend_sram(void)
a1
% check if ram has been set to expectant size, if not, chansge eopb( *
if (((USD->eopb0) & 0xFF) != EXTEND_SRAM)
g1
flash unlock() :
¥ erase user svstem data bvtes *
flash user_svstem data_erase() :

% change sram size *

flash_user_svstem_data_program((uint32_t)&USD->eopb0, EXTEND_SRAM) :

* system reset ¥
nvic_svstem reset () :

}

Then the user must change the startup assembly code of the startup_at32f403a_407.s so that the
extend_sram function can be executed before program initialization.

In this example, startup_at32f403a_407_ext_ram.s is the modified startup file. The figures below
demonstrates how to change startup code in KEIL and IAR project.
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Figure 2. Change startup file in KEIL project

. Rezet handler

Rezet_Handler  PROC
EXFORT
INPORT
INFORT

o add for extend sram
INFORT
MOw32
MO
LIE
BLE
MO 32
LIE

LDE
BLX
LDE
BX
ENLF

Fezet_Handler
__main
SvatemInit

extend_sram

E0, #0x20001000
P, RO

El, =extend_sram
RO

E0, #0x08000000

5P, [RO]

R0, =3wztemInit
il

El, =__main

Jlll

[WEAK]

Figure 3. Change startup file in IAR project

PUBWEAK

Reset_Handler

Reset_Handler

; add for extend sram

MOV32
MOV
LDR
BLX
MOV32
LDR

RO, #0x20001000
SP, RO

RO, =extend sram
RO

RO, #0x08000000
SP, [RO]

LDR
BLX
LDR
BX

RO, =SystemInit
RO

RO, =__iar_program_start

RO

SECTION .text:CODE:REORDER:NOROOT (2)

Attention should be paid to the two points:

1) The EOPBO must be changed at the beginning of Reset_Handler, instead of being modified in

the Systemlnit( ) function. Because the SRAM size set by the user in the Keil/IAR environment
may be the extended 224 KB, and the actually used SRAM may exceed the default 96 KB, in
this case, the initial value of the stack point will be set to the address after 96 KB, and error will

occur when executing Systemlnit( ), or even enter HardFault to trigger a crash.

2) Before calling the extend_SRAM( ) function, the stack pointer must be placed within 96 KB

(changed to 0x20001000 in this example) to prevent the initial value of the stack pointer from

being set to the address outside 96 KB and cause an error during the execution of

extend_SRAM().
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2.1.2 Example demonstration
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2.1.2.1 KEIL project

In this project, the user can select set SRAM_96 K or set_ SRAM_224 K through “Select Target”
option, as shown in the figure below.

Figure 4. SRAM size selection

e L I — = e NI o —
& ] e | Ls";| set_sram_96k E ﬁ\‘ & bl
Project .1 maine ] readmetxt
=% Project: extend_sram 15/
=5 set_sram_96k 2
LT user g .
* @ .
L] at32f4033_407 clock.c 3 : ﬂflle. m?lll €
] at32f4033_407 int.c 4 * @version v2.0.0
B) maine 5 * @date 2020-11-02
L6 bsp 6 * @brief main program
| ] at32f4022 407 board.c 7 .
=5 firmware 8 *
|1 at32f403a 407_crm.c 9 ‘ . 3
[ at32f403a_407 flash.c 10 #include "at32f403a_407_board. h
1] at3214035_407_gpio.c 11 #include "at32f403a_407_clock.h”
[ at32f403a 407 misc.c 12, .
=5 cmsis 13 /R
L] system at32f403a 407 .c 14 % @brief to extend sram size
L] stertup_st32f403a_407_ext_ram.s 15 % @param none
55 readme 16 * @retval none
1 readmebt 17 B
18 void extend_sram(void)
1ino S

When the “set_ SRAM_96K” or “set_ SRAM_224K” is selected, the macro definition value of the
EXTEND_SRAM will be displayed in the definition column of C/C++ —Preprocessor Symbols, and
then the extend_SRAM() function will select the corresponding configuration during compiling.

Figure 5. C/C++/Preprocessor Symbols configuration

=

KJ Options for Target "set_sram_224k’

Device I Target I Dutput] Listing] User C/C+t l.l\sm I Linker] Debug ] Ttilities

Preprocessor Symbols

I EXTEND_SRAM=0xFE

Define: [AT32F403AVGT7,USE_STDPERIPH_DRIVER,AT_START_F403A_

Undefine: |

Language / Code Generation

[ Bxecute-only Code [ Strict ANSIC Wamings:
Optimization: |Level 0-00) [~ Enum Container always int Al Wamings hd
[ Optimize for Time [~ Plain Charis Signed r

[ No Auto Includes
[ C99 Mode

[ Read-Only Position Independent
[~ Bead-Wite Position Independent

[~ Split Load and Store Muttiple
[¥ One ELF Section per Function

Include |
Paths
Misc |
Controls

. Mibrariestdriversting;..! Mibranies cmsiscm4core_support ;.

librari J

Compiler |
control %,
string

—cpu Cortex-M4 fp -g -00 —apes=interwork —split_sections -1 .5\ N\ A 5 Mibradegdriversing -l . =
MU Mibrariestemsistemdhcore _support - 8 AN N Nibranesemsistcm4sdevice_support -l

Defaults |

Help

When the extension operation is complete, it will enter the main() function to check the EOPBO
value in order to verify if the SRAM size is set correctly or not. The verify result is indicated by
turning on LEDA4.
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2.1.2.2 IAR project

In this project, the user can select set SRAM_96 K or set_ SRAM_224 K through “Select Target”
option, as shown in the figure below.

Figure 6. SRAM size selection in IAR

Norkspace » 0 X |—

extend_sram_224k -

extend srann 224k
extend_sram_96k |
E @ extend _sram - exten...

A M bsp .
B cmisis
| |—. Ml sta

| '—- l system at32f4|33a .

1 -
When the “set_ SRAM_96K” or “set_ SRAM_224K” is selected, the macro definition value of the
EXTEND_SRAM will be displayed in the definition column of C/C++ —Preprocessor Symbols, and

then the extend_SRAM( ) function will select the corresponding configuration during compiling.

Figure 7. C/C++/Preprocessor Symbols configuration in IAR

F N
Options for node "extend_sram” &J
Lelizeen: Factory Settingz
General Options [T kulti-file: Compilation
Static Analysis Diizcard Uruzed Publics
Runtime Checking
MISEA-C:1398 |  Encodings |  Extra Options
Assembler Langunage 1 I Langnage 2 | Code | Optimizations | Output I List
Output Converter Preprocessor | Diagnostics I NISEA-C: 2004
Custom Build
Build Actions I:‘ig:nore standard include dired
Linker Additional inelude directories: (ome per line)
Debugger SPEOT_DIESY. . L.\ % 4\ \libraries\driversiinc .«
Simulator FEROT_DIRE. % % b b\ ‘Wlibrarieshemsizshemtheo
FEROT_DIREY. % % b b\ Wlibrariesemsizshemthde
CADI
FPROT_DIEEY. . ‘inc
CMSIS DAP $PREOT_DIESY. . % .. % . % hat32£403a 407 _board -
GDE Server Freinclud
I-jet/TTAGIet Leinene 0
J-Link/1-Trace
TI Stellaris Defined symbols: (ome per
Mu-Link AT3ZF4038VETT -~ [ Preprocessor output to :
PE micro USE_STDFERIFH_DETVER Freserve comments
AT _STAET _F4034_¥1 : : :
STHLINE EXTENT, SRAM=0xFE it Generate #line directive
Third-Party Driver
TI MSP-FET
TI XD5
[ 1]4 ] [ Cancel ]
L

When the extension operation is complete, it will enter the main() function to check the EOPBO
value in order to verify if the SRAM size is set correctly or not. The verify result is indicated by
turning on LEDA4.
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Purchasers are solely responsible for the selection and use of ARTERY’s products and services, and ARTERY assumes no liability

whatsoever relating to the choice, selection or use of the ARTERY products and services described herein.
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intellectual property contained therein, or considered as a warranty regarding the use in any manner whatsoever of such third party products
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(and their equivalents under the laws of any jurisdiction), or infringement of any patent, copyright or other intellectual property right.
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