To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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RenesasTechnology Corp. APPLICATION NOTE

M16C/62
Using the Expanded Memory Mode with the M16C/62

1. Abstract

The following article introduces and shows an example of how to access external memory using the
expanded memory mode of the M16C/62 series of microcontrollers.

2. Introduction

The Mitsubishi M16C/62 series of microcontrollers is a 16-bit family of MCUs, based on Mitsubishi’'s
popular M16C CPU core. These parts provide high memory efficiency, power-saving ability, low noise
emission, and improved noise immunity. The M16C/62 part series can be used in many applications such
as office equipment, PC peripherals, portable devices, automotive, cameras, audio, and so on.

This application note shows how to configure and use the expanded memory mode on the M16C/62
series of microcontrollers.

3. Memory Expansion Mode

There are three processor modes used with the M16C/62 series of microcontrollers. For each processor
mode, the memory map functions of some pins and external access space differ. The three processor
modes are as follows:

® Single-chip mode—Only internal memory space can be accessed.
® Memory Expansion mode—External memory can be accessed in addition to all the internal memory.

®  Microprocessor mode—External memory along with internal SFR and RAM areas can be accessed.
Internal ROM cannot be used.

For this application note, memory expansion mode is demonstrated. This allows use of all the internal
memory areas (SFR, RAM, ROM) and some external memory. In this mode, some of the pins need to
function as the address bus, data bus, and control signals for accessing the external memory. The
number of pins affected depends on the bus and register settings. Once expanded memory mode and
the control settings are selected, the affected pins become dedicated to external memory and can no
longer be used for other 1/O.

The desired processor mode is set by the processor mode bits in the processor mode register (PM0) and
the CNVss pin. To select memory expansion mode, the CNVss pin is tied to Vss and the processor mode
bits are set to “012”. When programming in C, the processor mode is set in the startup file (ncrt0.a30).
Figure 1 is an example for setting the processor mode bits.
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start-

L)
; after reset.this program will start

ldc Histack_top. isp ;set distack pointer

mov . b #B82h, Bah 5 disable protect reg

movu . b #A5h, B4h ; et processer mode pm@

mov.h #18dh,.@5h ; set pml

mov.b #88h,.dBah ; enabhle protect reg

mov . b #B7h, B8 h 5 enabhle C52 & C851 output with wait state
1dc HABEAK, flg

ldc #Bstack_top. sp seet stack pointer

ldc #idata_SE_top. sh ;:set sb register

1dinth HUECTOR_ADR

Figure 1. Setting the Processor Mode Bits in ncrt0.a30

The bus settings and control signals can also be customized for different configurations. The external bus
width can be set to either 8 bits or 16 bits by connecting the BYTE pin to Vcc or Vss respectively. This
does not affect the internal bus, which is always fixed to 16 bits.

The read/write signal configurations are set in the processor mode register (PMO). There are two
combinations of R/W signals. For a 16-bit data bus, select between the RD, WR, and BHE signals or the
RD, WRL, and WRH signals. When using an 8-bit bus, always use the RD, WR, and BHE signals.

The chip select area used for the external memory must be enabled in the chip select register (CSR).
The chip select register determines if pins P44 to P47 output the chip select or if they are used as GPIO.
The chip select register also has bits that determine if a wait state should to be added to each individual
chip select area. See the specification for each specific microcontroller for exact chip select memory
ranges. Figure 2 is an example of a memory map for a microcontroller in expanded memory.

Memory expansion
mode
00018 SFR area
{18 byles)
00400 | | srmal RAM arsa
(15K bytas)
0400018 —
! CR3(16K bytes)
080001 [[FESREaREEREERaEs B
CS2(128K bytes)
2000 [T R -
CS1(32K bytes)
3000046 [TTTTTTTITITIOON TR
External area CS0 Memary expansion mode
: B0k bytes
CFFFFag
D0000E
Internal ROM area
(192K bytas)
FFFFFi&

Figure 2. Example Memory Map with Chip Selects for Expanded Memory Mode
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Other control signals used are the RDY and Hold signals. The RDY signal is used for any external device
that requires a long access time. The Hold signal is used to transfer the bus privileges from the CPU to
an external device.

Note: If the RDY and/or Hold signals are not used, they must be connected to Vcc or the CPU could be
permanently stuck in a wait state.

More detailed information on expanded memory, processor modes, and bus settings can be found in the
M16C/62 specification and user’s manual.

4. Using Expanded Memory with the PC4701 Emulation System

Some special considerations are required when using expanded memory with the PC4701 emulator. To
access any external memory with the emulator, the external memory area must first be mapped using the
emulator/debugger software PD30. When PD30 is first started, all memory except for the SFR area is
mapped as internal memory.

First, determine the external memory range that will be used according to the chip select that is being
used. This external memory area must be mapped to external. Open a script window in PD30 and use
the map command to change the memory range that is being used to "External". Command example:
“map 8000, 9000, ext”. This maps the memory range 8000h to 9000h as external memory. To check that
the changes have been set, type “map” in the command line and a list of the current memory map is
displayed.

There is one precaution to observe when using the emulator and the chip select two-memory space. The
memory addresses, OFFFCh to OFFFFh, are used by the emulator as a stack area. These addresses
must remain mapped as internal memory or the program will not reset properly. See the Emulation
System manual for more information on this precaution. Figure 3 shows an example of mapping the chip
select two-memory area around the emulator stack.

b B | Ibiftep | =, Open | @L‘Ecs& | %Log...l %‘i_ag : | Hsav. l Etlear I .Hec...l |

Script; Log
>map 8080 _fffh_ext

map fffc.ffff.int
>map 1808008, 30000, ext

>map

PeEBnE-B083 FF EXTERNAL
Hed408-807FFF INTERNAL
PA8BHA-BAFFFE EXTERNAL
HWAFFFC-BAFFFF INTERNAL
¥18806-838a0A EXTERNAL
238881—BFFFFF INTERNAL

< | i
.I:‘_:_ N T Tr L B Jn T o ol I B—_— | _>|: F

Enter Command:

Figure 3. Mapping External Memory in PD30
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5. Implementation

A sample program is included to demonstrate the use of expanded memory mode. This program is
written to run on Mitsubishi’'s MDECEQ0620 evaluation board. This board allows easy evaluation for any
M16C/62 microcontroller. More information on this evaluation board can be found at www.mdece.com.

The example program samples the voltage of a potentiometer on the evaluation board and stores this
data into the external SRAM on the board. The potentiometer is connected to channel 0 of the A/D
converter on the M16C. When the push button S2 is pushed, the A/D value is sampled about every

100 ms and written to the SRAM one byte at a time. An LED (D6) blinks to indicate when the A/D is
sampling. When the push button is pressed again, the A/D sampling will stop, all of the A/D data stored in
memory is read back, and an average A/D value is calculated. Each time the A/D sampling is started, it
returns to the beginning of memory and starts storing data. For simplicity, the sample program is limited
to storing a total of 8 kbytes of data.

The memory window in PD30 is used to view the A/D data stored in the external memory. Figure 4 is an
example of A/D data stored in the external SRAM on the evaluation board. A/D data storage starts at
memory address 8000h. The average A/D value (after sampling is stopped) is also found in the memory
window at the average variable address or by using a C watch window.

B, Memory Window [008000]
Bem | Doec [HAex avesson |dmcis |00 | ERei.| @BCache]
Address | LABEL DATA ]
_ HABAAR | aa
aeseRl | a6 B
@800z | 0@
JAR 15 15 aa
BEE004 | 0@
_ PHBHEL | a1
BBE006 | OE
R8O07 | 1C
_ HABHBR | 26
BB200? | 36
5455 T 44
GBEO0E | 4F
RSAAC | 4E
ARZAAD | 4E
RSO0E | 4E
BREORF | 5A
GB801E | 72
BREB11 | 86 B

Figure 4. PD30 Memory Window

The external memory connections used on the evaluation board and for the sample program are shown
in Figure 5. The memory is connected using the 16-bit data bus; the lower byte is connected to one
memory chip and the upper byte is connected to the second memory chip. The R/W mode is set to use
RD, WRL, and WRH. WRL is connected to the lower byte and WRH to the upper byte. With this
configuration, address line AO is not connected to the external memory because WRL and WRH
effectively take its place. It is important to make sure that any unused control signals are tied off properly.
[Not shown: The RDY and Hold pins are connected to Vcc.]

The sample program accesses the memory in both 8-bit and 16-bit modes. Although the memory chips
are configured for a 16-bit data bus, the A/D results are 8-bit and writes to the external memory are done
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8 bits at a time. When A/D sampling stops, the results are read from external memory using 16-bit mode.
The data are split into two bytes and added together to calculate the average A/D value.

Chip select 2 is used to address the memory. The effective address range using CS2 is 8000h to
27FFFh; this is a total of 128 Kbytes. Each memory chip in our demo contains 32k x 8 bits or 64 Kbytes
total memory (8000h — 17FFFh).
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Figure 5. External Memory Connections

The potentiometer on the evaluation board is connected to A/D input ANO on the M16C/62. The A/D is
set up for 8-bit conversion, one-shot mode, software triggered, with sample and hold enabled.

The push button (S2) used to start and stop the A/D sampling is connected to an external interrupt on the
M16/62. The interrupt used is INTO. Each time the push button is pressed, an INTO interrupt is generated.
A flag monitors the A/D sampling when it is on or off.

The LCD supplied on the evaluation board views the A/D values as they are sampled and the average
A/D value when sampling is stopped. Because some of the LCD connections on the board are used for
control signals in expanded memory mode, some circuit modifications are needed for the LCD to work
with external memory. Figure 6 shows the LCD connections used in the sample program. This
configuration allows the LCD to be accessed similar to any external memory. Chip select 1 addresses the
LCD, thus writing to any even address (low byte in 16-bit address bus) in the CS1 memory area writes
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data to the LCD. Writing to an even address causes the WRL signal to go to a logic low level. Writing to
an odd address causes WRH to go to a logic low, and does not enable the LCD. In the sample program
the address 28000h is used.

L7_.D0

LS

NRUCA

B3

Pz 1 |

LCD Module

Figure 6. MDECE0620 LCD Connections When Using External Memory

The sample program is just one way of using expanded memory mode on the M16C/62 series of
microcontrollers.

The sample program code shown in this application note can be downloaded from www.mdece.com.
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6. Software Code

The software supplied by Mitsubishi Electric & Electronics USA, Inc. is intended and supplied for use on Mitsubishi
Electric products. This software is owned by Mitsubishi Electric & Electronics USA, Inc. or Mitsubishi Electric
Corporation and is protected under applicable copyright laws. All rights are reserved.

THIS SOFTWARE IS PROVIDED “AS IS”. NO WARRANTIES, WHETHER EXPRESS, IMPLIED, OR STATUTORY,
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. MITSUBISHI ELECTRIC & ELECTRONICS USA, INC.
AND MITSUBISHI ELECTRIC CORPORATION RESERVE THE RIGHT, WITHOUT NOTICE, TO MAKE CHANGES
TO THIS SOFTWARE. NEITHER MITSUBISHI ELECTRIC & ELECTRONICS USA, INC. NOR MITSUBISHI
ELECTRIC CORPORATION SHALL, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES FOR ANY REASON WHATSOEVER ARISING OUT OF THE USE OR
APPLICATION OF THIS SOFTWARE.

/*****************************************************************************

* File Nane: nmmin.c

*

* Cont ent : Thi s program denonstrates using expanded nenory on the

* MDECEO620 eval uation bd. Wen S2 is pressed, A/D neasurenents
* are taken fromRl1 (pot.) at 100ms intervals and stored in

* external nenory. Wen S2 is pressed again, the A/ D sanpling
* stops, the data is read fromnenory and an average A/ D val ue
* i s cal cul at ed.

*

* Dat e: 9- 28- 2001

*

* Copyright 2001 M tsubishi Electric & Electronics US

* Al rights reserved

*

*

* $Log: $

* */

#i ncl ude "sfr62. h" /* include 620 header file */

#i nclude "I cd_exp. h" /* lcd include file */

/* Setup interrupt routine for |INTO
This nust al so be setup in the vector table in SECT30.INC */
#pragma | NTERRUPT / BI NTO_I SR

/* Prototypes */
void Get_Avg (void);
void LCD wite (_far char *, int);
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/* dobal variables */
unsigned int nemstart = 0x8000; /* declare expanded nenory start address */
unsi gned char *nmemptr; /* declare nenory pointer */
unsi gned int *word_ptr; /* declare word nenory pointer */
unsi gned char ad_on = 0; /* AID sanpling flag */
unsi gned int sanple_cnt = 0; /* sanmpl e counter */
uni on word_define { /* define word structure */
struct{
char | ow, /* low 8 bit */
char hi gh; /* high 8 bit */
}byte;
unsi gned int word;
} menory;
/* String Messages */
const char nsg_textl[] = "Expanded Menory"; /* LCD nessages */
const char nsg_text2[] = "Denp Progrant;
const char nsg_ad[] = "A/D Val ue";
const char nsg_avg[] = "A/'D Average";

/*****************************************************************************

Nane: Mai n

Par anet er s:

Ret ur ns:

Description: This is the main program

*****************************************************************************/

void main() {

int tenp;
unsi gned int del ay;
unsi gned char ad_dat a;

mem ptr = (unsigned char *) nemstart;

/* Initialize Ports */
pd7 = OxFF; /* Configure port 7 as all outputs */
p7 | = 0x80; /* Initialize port7_4 to 7_7, LEDs off */
pd8 = 0x02; /* port 8_1 output */
p8_1 = 0; /* Initialize p8_1 (LCD RS) */
pdl10 = O; /* AIDinput */
/* Use AID for reading pot. value */
adcon0 = 0x00; /* ANO , one shot node, software trigger,freq /4*/
adconl = 0x20; /* Set up 8 bit conversion & Vref connected */
adcon2 = 0x01; /* Set up sanple and hold */
AN-DECE-MCU-18-A September 2001 8
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/* Initialize Tiner AA for S2 switch debounce */

tadi c = 0x00; /* make sure that the interrupt is not active */
tadmr = 0x82; /* set for one shot tiner node */

tad = Oxffff; /* Debounce tine delay */

tads = 1; /* get ready */

tados = 1; /* start timer once */

LCD init(); /* Initialize LCD display */

int0ic = 0x05; /* Enable INTO interrupt */

asm("FSET 1"); /* Enable all interrupts */

LCD write( nsg_textl, 1 ); /* Intial LCD nessage */

LCD write( neg_text2, 2);

/**************** PRG;__\)AM Lw) **************************/

while (1){
if (ad_on == 1){

p7_7 = ~p7_T7;

L2homelLCX ) ;

adst = 1;

whi |l e(adst == 1);

return to 0 */

ad_data = adoO;

*mem ptr = ad_dat a;

nmem ptr++;

sanpl e_cnt ++;

LCD _Di spl ayHex(ad_dat a) ;

if (sanple_cnt >= 0x2000){
ad_on = 0;
p7_7 = 1;
Get _Avg ();

}

for (del ay=0x2aff;

}
}

/*
/*

/*
/*

/*
/*
/*
/*

/*

/*

/*
/*
/*

del ay>0; del ay--);

blink LED to indicate A/D sanpling */
Honme LCD on line 2 */

Start A/ D conversion */
wait for A/D conversion start bit to

read value from A/ D regi ster */
save A/ID data to nmenory */
i ncrement nenory pointer */
i ncrement sanple counter */

Qut put data to LCD */
limt sanples to 8k bytes */
stop sanpling */

stop LED blinking */
cal cul ate average A/ D val ue */

/* sanpling delay ~100ns */

/******************** END o: '\M\I N *******************************************/
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/*****************************************************************************

Nane: I NTO_I SR

Par anet er s:

Ret ur ns:

Description: [INTO interrupt routine, S2 is connected to INTO
S2 controls when A/D sanpling starts and stops

*****************************************************************************/

voi d | NTO_I SR(voi d)

{
if (ir_tadic == 0) /* Switch Debounce tiner tinmeout?
*/
return; /* |If not return, do
not hing */
int0ic = 0x00; /* disable INTO interrupt */
/* Start A/D sanpling */
if(ad_on == 0){ /* AID sanpling currently of f?*/
ad_on = 1; /* turn on */
mem ptr = (unsigned char *) nemstart; /* Reset nenory to begining
*/
sanpl e_cnt = 0; /* Reset sanple counter */
clrLCD (); /* clear LCD */
LCD write( nsg_ad, 1); /* change LCD display */
}
/* Stop A/ID sanpling */
else if (ad_on == 1){ /* AID sanpling currently on ? */
ad_on = 0; /* turn off */
p7_7 = 1; /* stop LED blinking */
Get _Avg (); /* cal cul ate average A/ D val ue */
}
ir_tadic = 0; /* reset debounce tiner */
tados = 1; /* start debounce tiner */
int0ic = 0x05; /* Enable INTO interrupt */
}
/*****************************************************************************
Nane: Cet _Avg
Par anet er s:
Ret ur ns:
Descri pti on: Read A/D data fromexternal nenory and cal cul ate average

*****************************************************************************/
voi d Get _Avg (void)
{

unsigned long int total = 0; /* declare variables */

unsi gned int avg = O;
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int count;

clrLCD (); /* clear LCD */

LCD wite( nsg_avg, 1 ); /* change LCD display */
L2homelLCX ) ; /* Home LCD on line 2 */

count = sanple_cnt; /* get nunber of sanples */

word_ptr = (unsigned int *) memstart; /* Reset nenory to begining */

for (total = 0; count > 1; count -= 2){
menory.word = *word_ptr; /* read word from nenory */
total += nenory. byte. | ow, /* add | ower byte to total */
total += nenory. byte. high; /* add upper byte to total */
word_ptr ++; /* increment word nenory pointer */

}

if(count == 1){ /*if odd nunber of data, get |ast one*/
menory.word = *word_ptr; /* read word from nenory */
total += nenory. byte.low, /* add | ower byte to total */
count --;

}

avg = total / sanple_cnt; /* cal cul ate average val ue */

LCD_Di spl ayHex(avg) ; /* Qutput average to LCD */

}

/*****************************************************************************

Nare: LCD write

Par anet er s:

Ret ur ns:

Description: This routine outputs sone text to the LCD display

*****************************************************************************/

void LCD wite ( _far char * data_string, int line)

{
int p;
if(line == 1)
L1homelLCX); /* home display on |ine 1%/
el se
L2homelLCX ) ; /* home display on |ine 2%/
for (p=0; data_string[p]; p++){ /* This loop reads in the text string */
SendChar (data_string[p]);
}
}
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Keep safety first in your circuit designs!

* Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and
more reliable, but there is always a possibility of trouble occurring. Trouble with semiconductors may
lead to personal injury, fire, or property damage. Remember to give due consideration to safety when
making your circuit designs, with appropriate measures such as (i) placement of backup, auxiliary
circuits, (ii) use of non-flammable material, or (iii) prevention against any malfunction or mishap.

Notes regarding this information

¢ This information is intended as a reference to assist our consumers in the selection of the Mitsubishi
semiconductor product best suited to the customer’s application; it does not convey any license under
any intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third
party.

* Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-
party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

* Allinformation contained in these materials, including product data, diagrams, charts, programs and
algorithms, represents information on products at the time of publication of these materials, and is
subject to change by Mitsubishi Electric Corporation without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

* The information described herein may contain technical inaccuracies or typographical errors. Mitsubishi
Electric Corporation assumes no responsibility for any damage, liability, or other loss arising from these
inaccuracies or errors.

* Please also pay attention to information published by Mitsubishi Electric Corporation by various means,
including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

* When using any or all of the information contained in these materials, including product, data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as a total system before
making a final decision on the applicability of the information and products. Mitsubishi Electric
Corporation assumes no responsibility for any damage, liability, or other loss resulting from the
information contained herein.

* Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

* The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce these
materials in whole or in part.

* If these products or technologies are subject to Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

* Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country
of destination is prohibited.

* Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for further details on these materials or the products contained therein.
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Mitsubishi Electric MCU products sold into the
Automotive marketplace are QS-9000 certified.
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