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This application note describes the procedure to be used to generate code using the Softune Workbench that will be
executed out of the RAM memory during the run time of the application. The following description is based on the use
of the start91460.asm as provided together with the Softune Workbench Template Project for a given MCU out of the
MB91460 series.
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1 Introduction

This application note describes the procedure to be used to generate code using the Softune Workbench that will be
executed out of the RAM memory during the run time of the application.

The following description is based on the use of the start91460.asm as provided together with the Softune Workbench
Template Project for a given MCU out of the MB91460 series.

There are situations in microcontroller applications on MB91460 Flash MCUs when it is necessary to execute part of
the application code out of the Instruction RAM of the controller because fetching data or code out of the internal Flash
memory is currently not possible. Such situations are for example erasing/writing to the embedded Flash memory (Boot
loader, EEPROM emulation) or while generating a CRC32 checksum over the Flash memory using this Flash Security
feature on MB91460 series MCUSs.

In that case code has to be copied from the Flash memory into the instruction RAM of the MCU and has to be executed
from instruction RAM.

It is necessary to use the part of the RAM memory of the MB91460 series MCUs that is connected to the instruction
bus of the MCU (for details on the architecture of MB91460 series please refer to the hardware manual of MB91460
series). This part of the RAM memory is in the following referred to as General Purpose RAM. For example on
MB91F467D the instruction RAM is placed in the address range 0x30000-0x37FFF.

Since data/code placed in RAM memory is lost in case of power down of the MCU and the code in the RAM memory
has to be initialized at start-up (after power-on) a copy of the RAM-code has to be available in the non-volatile memory
of the MCU (Flash memory connected to the MCU).

The Softune Workbench is supporting this requirement in a way similar to handling RAM initialized RAM variables. Two
sections IRAM and @IRAM are generated and the code is linked for the IRAM section placed in the instruction RAM
area but in the final load module (abs-file or mhx-file) the code is place in the @IRAM section (in Flash area). The user
has to take care to copy the code form @IRAM area to the IRAM area before calling the corresponding functions. The
copy procedure is already implemented in the start91460.asm file and can be enabled by a corresponding switch in the
start91460.asm file.

The procedure how to generate code to be executed out of the RAM area of the MB91460 series MCU and how to
enable the copy process in the start91460.asm consists of the following steps:

®  The code wanted to be executed out of RAM has to be placed into the section IRAM.
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m  Setup of the Softune Workbench linker for placing the IRAM (RAM area) and the @IRAM section (ROM area).

m  The Flash RAM copy feature has to be enabled in the start91460.asm.
For a detailed description please see the following chapters of this application note.

Flash/ROM RAM Copy

This chapter describes the steps necessary to adapt in the code (C-module containing the code to be placed in RAM),
the start-up code (enable the Flash-RAM-Copy feature) and the linker settings to be made to have given code available
in RAM at run time.

Placing the RAM code in IRAM Section

Figure 1. Sample code for a C-module placing the generated code in the IRAM section. IRAM section will be placed
in the General-Purpose-RAM of the MCU at run time (see the descriptions following).

/*
The comlete code of the module ram code.c will be placed in the RAM.
The location of the RAM area will be controlled by the linker settings.
7/
#pragma section CODE=IRAM, attr=CODE

void RAM MyRAMFuncl (void);
void RAM MyRAMFunc?2 (void) ;

void RAM MyRAMFuncl ()

{
RAM MyRAMFunc2 () ;

}

void RAM MyRAMFunc2 ()
{

/* This function is doing nothing */

}

The Softune Workbench supports generation of sections and placement of code, data or constants in these sections
for the C language supported via the #pragma section or via the #pragma segment directives.

The difference between the two #pragma directives is that #pragma section will have influence on the complete C-
module it is placed in. In contrast the #pragma segment directive only places the part following the #pragma segment
directive into the corresponding defined sections. For details about these two #pragma directives please refer to the
C/C++ manual of Softune Workbench V6.

The two directives have the following syntax:

#pragma section DEFSECT[=NEWNAME][,attr=SECTATTR][,locate=ADDR]
or

#pragma segment DEFSECT[=NEWNAME][,attr=SECTATTR][,locate=ADDR]

The code sample shown in Figure 1 uses the #pragma section directive to place the code of the complete C-module in
the section called IRAM. The placement of the section IRAM can be controlled directly using the “locate” of the #pragma
section directive together with a absolute address or using the linker settings. Using the linker settings for placing of
sections is the recommended way because in that the linker has complete control about optimal placement of sections.
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Setup Linker

2.2.1 Using Softune Workbench GUI to control section placement

Figure 2 shows the window of the Softune Workbench used to control the memory areas defined for the used controller.
It is also possible to add/remove own memory areas in the ROM/RAM area of the used MCU. This is done using the
Set-Button in the ROM/RAM Area List field and following the given instructions.

Please note the distinction between D_RAM area and ID_RAM area in the shown example. The MB91460 series
supports two different RAM areas: One connected to the Data-bus (in this example called D_RAM) which is mainly
used for giving fast access to data placed in RAM and in addition a general-purpose RAM (in the example called
ID_RAM) that is connected to the instruction bus of the CPU. From this RAM area it is possible to access both
instructions and data. It is recommended to place code into this area. For details about the addresses and sizes for
Data-RAM and General-Purpose-RAM please refer to the datasheet of the used MB91460 series MCU.

To locate the IRAM section into the ID_RAM memory area please use Set Section button in
the window shown in Figure 2. This will display an additional window shown in

WWW.cypress.com Document No. 002-05377 Rev.*B 3
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Figure 3 where the ID_RAM memory area can be selected and sections can be added to the ID_RAM memory area.
Figure 2. Window of Softune Workbench for control of the different memory areas placed in RAM/ROM memaory
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Figure 3. Add IRAM section to the ID_RAM Memory Area
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In the next step, a section @IRAM has to be placed in the Flash/ROM memory to have the code available for copying
it into the RAM on power-on. The procedure is similar to the procedure for placing the IRAM section itself. As shown in
the example there is already a Flash/ROM memory area called ROM_AREA defined in the address range 0x40000 —
Ox13FFFF. Here again using the Set Section Button opening the corresponding window has to be used to place the
@IRAM section into the ROM_AREA (see Figure 4)

Figure 4. Add @IRAM section to the ROM_AREA.
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The generation of memory areas will be controlled by the linker options —ra (definition of RAM memory area) —ro
(definition of Flash/ROM memory area) and —sc (section allocation). For details about the Softune Workbench Linker
options please refer to the Softune Linkage Kit V6 Manual.

Enable Flash RAM Copy Procedure in start91460.asm

The routines that copy the content of the @IRAM section (placed in the Flash/ROM memory of the MCU) into the IRAM
section (placed in the RAM memory of the MCU) are included in the start91460.asm start-up code as provided in the
Softune Workbench template projects which are available at the Fujitsu web-page (the link to the Fujitsu web-page is
given in the appendix of this application note). The Flash-RAM-Copy feature is disabled as default in the
start91460.asm. Please make sure to have the feature enabled when the project is build. The sample code (parts
extracted from the start91460.asm) in shows the parts related to the Flash-RAM-copy feature.

When the Flash-RAM-Copy feature is enabled by setting the switch under point 4.4 of start91460.asm to ON the
addresses _RAM_IRAM and _ROM_IRAM that are generated by the Softune Workbench are imported and entered as
parameters into the Flash-RAM-Copy-routine.

If the application is not using start91460.asm for start-up code the start-up code should contain a own Flash-RAM-
Copy-routine using _RAM_IRAM and _ROM_IRAM as start addresses for IRAM section and @IRAM section since this
information is generated from the Softune Workbench language tools.

Figure 5. Sample code related to the Flash-RAM-Copy feature as extracted from start91460.asm (remark: "..." is
symbol for the rest of start91460.asm not used herein).

; 4.4 Copy code from Flash to I-RAM

; #set I RAM ON ; <<< select 1if code 1in section IRAM
g should be copied
;7 If this option is activated code located in the section IRAM is copied
; during startup from ROM to the instruction-RAM. The code is linked
; for the instruction-RAM.
#if I RAM
.import RAM IRAM
.import ROM IRAM
fendif

’

; 7.8 Copy code from Flash to I-RAM

#if I RAM == ON

LDI # RAM IRAM, RO

LDI # ROM IRAM, R1

LDI #sizeof (IRAM), R13

CMP #0, R13

BEQ copy iram end
copy iraml:

ADD #-1, R13

LDUB @(R13, R1l), R12

BNE:D copy iraml

STB R12, @(R13, RO)
copy iram end:

ClearRCwatchdog

#endif
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Cautions using Flash-RAM Copy

Do not use functions located in the RAM area of the MCU before the corresponding area was initialized by the Flash
RAM copy feature since this RAM area has no defined content after reset and behavior of the MCU cannot be predicted.

As an example, please see the following two screen shots taken from the Softune Workbench Simulator showing the
behavior of the MCU before (Figure 6) and after (Figure 7) passing through the Flash-RAM-Copy-Routine in

start91460.asm.

Figure 6. Screen shot of Softune Workbench Simulator. Break point at start of Flash-RAM-Copy-Routine hit. The
RAM memory where the RAM-code is expected is empty/ uninitialized (here filled with 0x0000).

g SOFTUNE Workbench - 91460_flash_ram_copy_91467d : Debug =183

Fle Edt View Project Debug Setup Window Help

mlwlelelol Bl Z0F| 2|0 el |[FEmee Fmmpane = E|6|E| B e e S T B Y T P | e e

BB

=1 @ slzelslln] wl| | 212 22 22 22 22|

5 B Workspace'91460_flash_ram_copy_91467d "
5B 91460 flash vans. eoay ST46TA AR
-3 Source Files i)
B) maIn.c 2:
B mb91467d.a5m 2
) ram_code.c :
D) readme.txt 6:
) start91460.asm 7
. B vectors.c 8: The comlete code of the module ram code.c will be placed in the RAN.
(2 Inchude Files 9: The location of the RAM area will be controlled by the linker settings.
- (@8 Dependencies 10: */
=43 Debug 11: #pragma section CODE=IRAM, attr=CODE
MB2198-01-COM1.5up 12:
MB2198-01-LAN.sup 13: void RAM MyRAMFuncl(void):
MB2198-01-USB.sup 14: void RAM MyRAMFunc2(void); 3 Start91460.asm
Mondeb_S7K6_com1.sup 15: 2333:
Mi Mondeb_S7K6_com2.sup = 16: woid RAM MyRAMFuncl() 2334:
B "1'>J°°°333_°°’ 0000 o @(R13,R0) RO 2335: ; 7.8 Copy code from Flash to I-RAM
2 2336:
g 48¢ RAM_MyRAMFuncz () ; 2337: #if I_RAM == ON
> J00030002: 0000 LD 8(R13,R0) ,RO 2338: =it #_Rat|_TRAN, RO
19: = AR
(J00030004: 0000 1D 8(R13,R0) ,RO #8002;;;?4. 9}'30002;?000 LDI‘S: Rozngm?ngian
‘_)000323?6: 0000 L @(R13,R0) RO L5 J000F419A: 9F8100040230 LDI:32  #00040230,R1
% eaprns 2340: LDI #sizeof (IRAM), R13
213 Fold;RAH. HyRANFunc2() Ly J000F41A0: 9FSDO0D000ODA  LDI:32  #0000000A,R13
get 4 o ) 2341: cup #0, RL3
gi: ) /* This function is doing nothing */ 4);1000?4“6: AS0D cup #0,R13
~ é 2342: BEQ copy_iran_end
(00030008 0000 1> @(R13,R0) ,RO L J000F41A8: E204 BEQ $tart91460\copy_iram_end
2343: copy_iraml:
_ 2344: ADD #-1, R13
K| X JO0OF41AA: ASFD ADD2 #FFFFFFFF,R13
2345: LDUB @(R13, R1), R1Z
) J000F41AC: 021C LDUB @(R13,R1) ,R12
2346 BNE:D copy_iraml
D JO0OFALAE: F3FD BNE:D  S$tart91460\copy_iraml
2347 STB R12, @(R13, RO)
X J000F41B0: 120C $TB R12,@(R13,R0)
2348: copy_iram end:
 2349: ClearRCwatchdogy
g_]nouumz: 9B0704C7 LDI:20  #004C7,R7 |
\_JOOOF41B6: 8077 BANDL  #7,6R7
2350: #endif
2351: -
<] |
< | |
sec)[Tes 7] Stat91460.asm

FElE Fnrzr‘vrcl

No Error.
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Figure 7. Screen shot of Softune Workbench Simulator. Break point at end of Flash-RAM-Copy-Routine hit. The RAM
memory where the RAM-code is filled with the corresponding machine code as expected.

= SOFTUNE Workbench - 91460_flash_ram_copy_91467d : Debug
Ele Edt Yiew Project Debug Setup Window Help

=181
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] E Workspace'91460_flash_ram_copy_91467d"
- B 91460_flash_ram_copy_91467d.abs - 2 ram_code.c
(=423 Source Files
B mam.c
mb91467d.a5m
[ [ram_code.c]
[ readme.txt 2
B start91460.a5m Loy
vectors.c The 1
(3 Include Fies H comlete code of the module ram code.c will be placed in the RAM.
3 9: The location of the RAM area will be controlled by the linker settings.
- (@ Dependencies 10: %/
48 Debug 11: #pragma section CODE=IRAM, attr=CODE
B MB2198-01-COM1.sup 12:
MB2198-01-LAN.sup 13: void RAM MyRAMFuncl(void):
MB2198-01-USB.sup 14: void RAM_MyRAMFunc2(void): [ start91460.asm
Mondeb_S7K6_com1.sup 15: [N —— —
Mi Mondeb_S7K6_com2.sup = 16: void RAN_MyRAMFuncl() Jooggg?z. 8077 Lol
Simulator.sup X 00030000: 1781 ST RP,B-R15 Siea
i; ¢ RAMN_MyRAN] 200: 2335: ; 7.8 Copy code from Flash to I-RAM
~ 2 = Buneaty s 2336:
4)%;0003(:21.12; D002 CALL \RAM_MyRAMFunc2 2337: i IRAM —- ON
~ 238 2338: LpI #_RAM_IRAM, RO
gﬁf‘gggggsg:: g;g; ;:T BRLGHRE L0000F4194: OFS000030000  LDI:32  £00030000,R0
ke ~ 2339: LDI #_ROM_IRAM, Rl
! (JOOOF419A: SF8100040230 LDI:32  #00040230,R1
£ iR PR ARRmeZt) o 2340: 101 #sizeof (TRAM) , R13
s ; g ; ; (JODOF41A0: SFSDO00000OA LDI:32  #0000DOOA,RL3
g:: ) /* This function is doing nothing */ 4>( 2341+ cup #0, R13
~ 2 (JO0OF41A6: ASOD cHp #0,R13
> J00030008: 9720 RET 234z BEQ conv iEhe g
=D\_]UDBF41AB: E204 BEQ Start91460\copy_iram end
2343: copy_iraml:
[« | 2344 ADD #1, R13
X _JODOF41AA: ASFD ADD2 #FFFFFFFF,R13
__ i23as: LDUB B(R13, R1), RI2
X JO00F41AC: 021C LDUB 8(R13,R1) ,R12
- 2346: BNE:D copy_iraml
4)‘»_]000}‘41":: F3FD BNE:D Start91460\copy_iraml
N : R12, @(R13, RO)
X _J000F41B0: 120C STB R12,@(R13,R0)
2348: copy_iram_end:
 2349: ClearRCwatchdog |
( JO0OF41B2: 9B0704C7 LDI:20  #004C7,R7
)000F41EE: 8077 BANDL ,BR?
2350: fendif -
i}
K S | 2l
;uske)f ass ) £7] Stat91460.asm code.c
rsrerWzerc| I
|
z|l

No Error.

3 Additional Information

Link to Cypress Webpage

For downloading Softune Workbench samples, Application Note, Documentation on MCUs from the Cypress web-page

please use the following links:

http://www.cypress.com/cypress-microcontrollers

http://www.cypress.com/cypress-mcu-product-softwareexamples
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