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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




;{ENESAS APPLICATION NOTE

R8C Family
Using Memory Beyond the 64K Boundary

Introduction

The first releases of the R8C were for products that never exceeded 64K of memory space. Since this meant that all
memory accesses were in the “near” space the compiler for the R8C did not support the commands LDE and STE.
These commands are used to load and store data to extended memory areas. For data within the 64K boundary the
MOV command is used, however, for data accesses beyond this limit the LDE and STE must be used. The linker also
had to place all program code and constant data in the “near” space since that was all that was available.

Target Device
Applicable MCU: R8C/2X Devices

Contents
1. R8C/2X Compiler Option and Locating CONSIANTS........ccivieiiiiiiiiiiiieee e e e s e e s 1
2. Using the Expanded Memory with Assembly Startup Files .........c..uuiiiiiiiiiiii e 3
3. Using the Expanded Memory with C Startup Files ... 6

1. R8C/2X Compiler Option and Locating Constants

Some of the new R8C/2X devices now support memory beyond the 64K address boundary. When this happened a
compiler switch was added which restored the LDE and STE commands since they were necessary. This switch could
be set in HEW by going to the Build>>Renesas M16C Standard Toolchain menu item then selecting the “Generates
code for R8C/Tiny R8C/2X) series” option under the CPU tab as shown below.

flRenesas M16¢ Standard Toolchain i 2|
. Configuration : L|brar|an| Lmc | Cig | MKMRTBL CFU | Toolchain Optior 4| *

© |pebug ~l| cPUType

L ]
& 13 Assermbly source file RBCTiny group sefing:

ex) iz specified when using BEE/T4

0K I Cancel

Figure 1 R8C/2X Compiler Option
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This option will restore the LDE and STE commands needed to access Far data and will also result in the default
location for constant data to be in the Far space. Though this is not a problem it does result in less efficient access to
this constant data and means all pointers that would access that data must be declared as Far pointers. For devices that
do not have any memory past the 64K boundary (even if it is a R8C/2X part) it is easiest to select the “Generates code
for the R8C/Tiny” option for CPU Type. This will result in all constants being mapped to Near Memory space.

In most cases it is recommended that the constant data be located in Near Memory since it is more efficient (since
pointers are only 16 bits and the MOV command can be used rather than the LDE and STE). There is no penalty paid
for code in Far Memory since the program counter can directly access the 20 bit memory space.

The simple way to have constants linked to the Near Memory space is to change the default ROM data setting so it is in
Near Memory space rather than Far Memory space. This is done by going to the Build>>Renesas M16C Standard
Toolchain menu and under the Compiler tab select Code Modification and check the -fnROM option. This is shown
below in Figure 2.

liRenesas M164C Standard Toolchain 2l x|

; Configuration C  |assembly| Link | Ubrarisn | tme | ofg | MkmRTE L] ¥

: |Debug ﬂ (S =t R i odification

: = All Loaded Pro]ects tiscellaneous options :

[ [CI[-MA] Does not align the starting address of functions ;I
-0 Assembly source file [CI[-hAY] Does not regard the variables specified by #pragma.,

CI[-MNC] Suppresses carry flag addition when data s indirectly a
[CI[-ME] Allocate all data to the odd section, with no separating c
[CI-MNRA] Exclude asm from reserved wards. (Only _asm is wvalic
[CIHMNRFAN] Exclude far and near from reserved words (Only f

]
1 CIHNST] Toa swi o
y [CI[-54] Yhen referencing afar -type array, this option calculates ™
4 4

I Options C:

- -c finfo -dir "${CONFIGDIR)" -fNROM “Wall -RECE LI

1
hd

(6]8 | Cancel |

Figure 2 Putting Constants in Near Memory
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2.

One issue with the R8C/2X devices that have memory beyond the 64K limit is the Special Fixed vectors are located at
OFFDCh to OFFFFh as shown in the memory map below. Since the expanded memory area is not contiguous with the
internal program space shown in the map below the linker cannot directly utilize the expanded area to store code. If the
start of ROM s indicated as 04000h in the startup files the linker will begin at that location and fill the memory up to
the fixed vector area. The linker cannot automatically “jump around” the fixed vector area and start utilizing the
expanded area.

Using the Expanded Memory with Assembly Startup Files

00000h

SFR
(Refer to 4. Special
Function Registers
002FFh (SFRs))
00400h
Internal RAM
0XXXh
OFFDCH E Undefined instruction 3
‘,/' E Overflow E
__/ E BRK instruction 3
/.-" E Address match 3
o E Single step =
oYYYYh E 4 F Watchdog timer/oscillation stop detection/voltage monitor =
Internal ROM | E (Reserved) 3
(program ROM) [ E (Reserved) %
Reset
OFFFFh | iormal ROM OFFFFED
12222h (program ROM)
FFFEFR Expanded area
NOTE:
‘1. The blank regions are reserved Do not access locations in these regions.
Internal ROM Internal RAM
Part Number Size | Address OYYYYh| Address 12zzzh | Size | Address 0X000Kh
R5F21244SNFP. REF21244SDFP | 16 Kbytes 0C000h - 1 Kbyte 007FFh
RSF212465NFP, R5F212465DFP | 32 Kbytes 08000h - 2 Kbytes 00BFFh
REF21247SNFP, REF21247TSDFP | 48 Kbytes 04000h - 2.5 Kbytes 00DFFh
R3F212485NFP, RSF212485DFP | 64 Kbytes 04000h 13FFFh 3 Kbytes 00FFFh

Figure 3 Memory Map of R8C/24 Group
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Using this expanded area is not difficult and the attached project workspace (R8C_Expanded_Memory) is a good
example of how to set it up.

Copy the folder RBC_Expanded_Memory into the C:\workspace directory created by HEW and open the workspace
file ‘R8C_Expanded_Memaory.hws’. Upon opening the workspace, the ‘Assembly Startup’ project is set as the default
project. If it is not, then switch to it by selecting from the toolbar Project>>Set Current Project.

The first thing that is done is to add an expanded code section, named expanded_program. This is accomplished by
adding the following lines to the sect30.inc file (this is located near the bottom of the file)

; -section expanded_program,CODE
; -org 10000H

The next step is to assign modules or functions to be linked to that section. The easiest implementation assigns all the
functions in a C module to that section. This is done with the code in the Icd.c module of the project. The following
statement is added to the top of the file

; #pragma SECTION program expanded_program

This results in all the code in that module being linked to the new section. After linking this module the default
program section is used for other modules.

It is also possible to link just one function or one section of a C module. To do this the same statement (#pragma
SECTION program expanded_program) is used at the beginning of the code that will be added to the new section. At
the end of the function or the functions to be linked the SECTION statement below is used to force the linker to use the
default program section:

; #pragma SECTION program program

The FlashLEDs function from the flashleds.c module has been added to the expanded program space using this method.

Figure 4 is a map that shows the result of the changes that were incorporated. Notice that there is a section starting at
010000h which is a code segment [C]. In this segment are functions which were in the lcd.c file where the #pragma
Section command was used to change the link location. There is also the FlashLEDs function where only one function
out of a file was placed in the link location. The ToggleLEDs function which is also in the flashleds.c module is in the
default (near) program space. You can also see the Constant data ucReplace is located in the rom_NE section.
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enit egment debug\Code_Segment 130 - MapViewer -18] x|
Fie) View(V) Cption{D) HepH)
| = 8] ala] &) 2]
[rddress(size) Section Address(size) Section Label: | | -]
eee408)
900460(08000e) |[D] data_NE | B00416(08600b)([D] data_NO [G] 980417:_gucKeyPressed
900482( 880008 ) > >[[0] bss_NE [G] 080418: _ucstr
000416(08008b) |[D] data NO
BERY21( 80801 ) BEBY21(BRERRT )
BEB422(BER108) D] stack 00B422(6001008)([D] stack
BBB522( BE0308) D] hes B60522(600308)([D] heap
0B0S822(803Tde) 0B0S22(803Tde)
0E4E0E( 80800 ) 0E4E0E( 80800 ) [G] ©6Y4860:_ucReplace
pe4E0alB08a11)
08401 b(BEEBET ) oe4oBa(BEEET1)
08401 c( 00000 ) 0e4E1b( BEEBET )
DO4B2a( BOBOBL) BOY4E1c(B0000)
064935(000001) Bo4B2a( 00000L)
804036(000217) |[C] program 0O4835(000001)
80424d( 800001 ) 864036(000217)[C] program [G] 884036: _ToggleLEDs
Be424e(00B0A3Z) C] int t [G] BB4842: _HardwareSetup
B842f1(00bbeb) [G] 884858 _ConfigurelperatingFrequency
Bofedc(BBB100) [G] B8487a:_EnablePeripheralHodules
Beffdc{BE8020) [G] BB48T7c:_ConfigurePortPins
BEFffc{0EBO0Y) [G] BB4Ba2: Configurelnterrupts
B10800(B002dE) [G] BB4Bca:_TimerRAHandler
0102d8( Befd2T) [G] BB48FE:_INT_INTE
OFFFFF [G] ©84128: _INT_INT1
[G] OB41S&:_INT_KEY
[G] BB4188: _main
[G] BO41ba: _Statics_Test
[G] BB4214:_Initialise
[G] @04222: TimerADC
[G] @0422a:_StartAbC
[G] @8423c: _StartTimer
DOY424d(BEBEET)
DB424e(B000a3)[C] inur\rupt [G] BOY24%e:start
[G] BB42ee:fexit
[G] BBY42ee: _exit
[G] BO42FE:dummy_int
0B42F1(B0bbeb)
bBfede(B08108)
0BffFde(BOOB2O )
BBFFFc(BOOBOY )
810000( 8002d8)|[C] expanded_program |[G] 810008: FlashLEDs
[G] ©108%a: _InitialiseDisplay o
[G] @108F8:$DisplayString
[G] ©10156:$LCD_write
[6] B18182:$LCO_nibble_write
[G] 810206:_DisplayDelay
[G] 818232:%Conuert_16BitNumber_ToString
B102d8(Befd2T) -
) | il ,
Ready T o |
Bisten] |12 @ () W2 © B | [ reox-mros. | E]Rec tr memer. | C | Ejreosbonaz_m... | %) code_segmen... |[llc: 100% } @& [ D@L ERO BB 1z

Figure 4 Map with Code in Extended Area & Constants in Near Memory
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3. Using the Expanded Memory with C Startup Files

Next we will introduce performing this same operation on the C Startup based project files that are introduced with the
NC30 toolchain version 5.40 and later. Using the map view feature of the project, creating and modifying sections, can
be accomplished using a graphical interface. This makes it much easier than making the same modification using the
assembly startup versions

Using the same workspace, switch to the CStartup_Code project by selecting from the toolbar Project>>Set Current
Project.

Once the project is loaded, select from the toolbar View>>Map and the following window will appear:

-

Select Map Window Type “

Map Type: ITI
|§Ma|:| Section |nformation ﬂ m

Figure 5 Open Map Section Information

Click *OK’ for the Map Section window to appear in the HEW environment. Note you may have to slide the windows
around to view the Map window. The window should look like the one below:

F & BE
= Linker section setting Name Start Address End Address |Swze |0ve
=gk 00DEE400 data_MNE poooo4on pooao4o1 o...
+-38 data SE,bss_SE,data 50, bss S50, data_ME,bss MNE, data, |data NO popEEanz2 popoR4nc o..
=& 00DE4000 istack poeop4oD pooop4ac o..
+-38 rom_NE,rom NO, data SEI,data S0I,data MEI data NOI |data NEI BoOBRA0B0 ey g
58 G0IOFEDC data_NOL 00004002 000400C g..
@3 oo program QR00400E pRano4538 o..
2 aa interrupt BOBE4R3A BoER45CE o
= au OO0100AD wectar OODOFEDC O000FFDR o
*-gg rom_FE, rom_FO fvector BNOAFFDC ANAAFFFF f
rom_FE poeioooo elElchpclelcte] o..
rom_F0 Doe1o0oA Qoo Ea1A o..
expanded_p... 0001001C Qoo10065 o..
L L4 ‘ >
[FE FZ FE| FF| [Defaull deskion  Read-write 52(253 ] s UM

Figure 6 Viewing Map Section Information

Note that you can see the sections of each defined memory area in a graphical list view. To edit/create a new section
simply click the edit icon B to enter map edit mode.

Next click on the entry that contains ‘rom_FE, rom_FQO’, this will select this section group that starts at address
010000h. Now click Add Section &/ to add a new section to the group. For this example, enter the name
‘expanded_program’ and click ‘Ok’. You will now see your section added to the section group. Expand the section
group you have been modifying and move the ‘expanded_program’ section to the top using Move Up®. When done it
should look like this:
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- &t 010000
--2a expanded programw, rom FE, rom FO
@ expanded program
@ rom FE

@ rom FO

Figure 7 Expanded Section Group
Click ® to exit the map edit mode and send the updated map info to the linker.

Repeated from above, the next step is to assign modules or functions to be linked to that section. The easiest
implementation assigns all the functions in a C module to that section. This is done with the code in the Icd.c module of
the project. Uncomment the following statement at the top of the file

; #pragma SECTION program expanded_program

This results in all the code in that module being linked into the new section. Rebuild this project by using menu item
Build>>Build All and note the addition of the section at 010000h in the link window.

It is also possible to link just one function or one section of a C module. To do this the same statement (#pragma
SECTION program expanded_program) is used at the beginning of the code that will be added to the new section. At
the end of the function or the functions to be linked the SECTION statement below is used to force the linker to use the
default program section:

; #pragma SECTION program program

The FlashLEDs function from the flashleds.c module has been added to the expanded program space using this method.

This example uses the simulator to examine the result of the link process. Use the session pull-down from the toolbar to
change from the ‘DefaultSession’ to the ‘SessionM16C_R8C_Simulator’ to view the linked addresses of the code.
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Website and Support

Renesas Technology Website
e  http://www.renesas.com/

[ ]
Inquiries

e  http://www.renesas.com/inquiry

e  csc@renesas.com

Revision Record
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Summary
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and
software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment
for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.

© 2009. Renesas Technology Corp., All rights reserved.
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