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subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
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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.




:{EN ESNS APPLICATION NOTE

M16C/64 Group

Using the Voltage-Down Detection Interrupt to Enter Wait Mode

1. Abstract

This document describes an application example for the voltage-down detection interrupt of the
microcomputer.

The sample program shows how to use the voltage-down detection interrupt to enter wait mode when the
VCCI1 input voltage drops below Vdet2, and to return from wait mode when the voltage rises above Vdet2.

2. Introduction

The application example presented in this document applies to the microcomputers listed below.

* Microcomputers: M16C/64 group
« Power supply voltage: 5.0 V (when voltage stabilized)

This application note can be used with other M16C Family MCUs which have the same special function
registers (SFRs) as the above group. Check the manual for any modifications to functions. Careful
evaluation is recommended before using the program described in this application note.

REJ05B1176-0100/Rev.1.00 March 2009 Page 1 of 14
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Using the Voltage-Down Detection Interrupt to Enter Wait Mode

3. Description of the Application Example

3.1 System Configuration

The application example presented here consists of the following system.

Main clock: 6 MHz

CPU clock source: PLL clock (XIN multiplied by 4 [24 MHz])

Power control: Normal operating mode and wait mode used

Peripheral function clock operation during wait mode: Turned off (CM02 bit = 1)

Voltage-down detection interrupt: Enabled (VCR2 register VC27 bit = 1 (voltage-down detection
circuit enabled)
(D4INT register D40 bit = 1 (interrupt enabled)

Hardware reset 2: Enabled (VCR2 register VC25 bit = 1 (voltage detection O circuit enabled)

(VWOC register VWOCO bit = 1 (reset enabled)

Cold start/warm start determination function used

* When cold started: Internal RAM is cleared to 0.

« When warm started: Internal RAM is not cleared to 0. (The values stored in memory immediately

before reset are retained.)

Port PO: Time-of-day counter output during normal operation

+ Counts up every 1 sec.

Port P1_0: VCC1 input voltage up/down determination output (When voltage is down: It outputs a

logic 1.)

Timer AO timer mode: 50-ms cycle timer produced

* Purpose of use: 1-sec timer (It counts down each time a timer interrupt is generated.)
+ Count source: f32TIMAB (PLL clock (24 MHz) divided by 32)
* Timer AO set value: 37,499 (50 ms x 24 MHz/f32TIMAB - 1)

REJO05B1176-0100/Rev.1.00 March 2009 Page 2 of 14
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M16C/64 Group

Using the Voltage-Down Detection Interrupt to Enter Wait Mode

3.2 Description of the Peripheral Function

The peripheral function used in the application example here is as follows:
(1) Voltage-down detection interrupt
The voltage-down detection interrupt is an interrupt enabled by setting the VC27 bit to 1
(voltage-down detection circuit enabled) and the D40 bit to 1 (voltage-down detection interrupt

enabled).

When the input voltage on VCC1 pin is detected to have risen or dropped past Vdet2, the D42
bit (voltage change detection flag) changes from 0 to 1, generating a voltage-down detection
interrupt request. The D42 bit should be cleared to 0 by a program.
The cause of voltage-down detection interrupt (VCC1 < Vdet2 or VCC1 > Vdet2) can be
determined by the VC13 bit (voltage-down monitor flag). (This interrupt request is not
generated until the sampling time elapses after the value of the VC13 bit has changed.)

Table 1 shows the sampling time. Figure 1 shows the manner of how a voltage-down detection
interrupt request is generated.
The interrupt vector for the voltage-down detection interrupt is shared with the watchdog timer
interrupt and oscillation stop/reoscillation detected interrupt vectors.

Table 1. Sampling Time

CPU clock Sampling time (us)
(MH2) DF1-DFO0 = 00b DF1-DF0 =01b DF1-DF0 = 10b DF1-DF0=11b
(CPU clock divided by 8) |(CPU clock divided by 16)[(CPU clock divided by 32)[(CPU clock divided by 64)
16 3.0 6.0 12.0 24.0
24 2.0 4.0 8.0 16.0

VC13 bit

Digital filter

VCCl—\—/

|
Sampling |

Sampling :

| sampling :
1

Voltage-down detection |
interrupt signal not asserted |

| sampling :
1

outpul Note 2

D42 bit

Voltage-down
detection

i

—

i

—

detected) by a program

| A

D42 bit cleared to 0 (not I' D42 bit cleared to 0 (not |
| detected) by a program |

interrupt signal

[ B

|
| hal no
Hwhen D42 bit is high
|
I
|
|
|
|
I

KI_/

) 1
Note 1: The D40 bit is set to 1 (voltage-down detection interrupt enabled).
Note 2: This is output from the internal digital filter of the voltage-down detection interrupt generation circuit.

Figure 1. Typical Operation of the Voltage-Down Detection Interrupt Generation Circuit

Note: In the sample program, the CMO02 bit is set to 1 (peripheral function clock, f1, turned off when in
wait mode). Therefore, if the WAIT instruction is executed while VCC1 > Vdet2, because wait
mode constraint applies, a voltage-down detection interrupt is generated immediately and
control returns from wait mode.

[Wait mode constraint]

If the WAIT instruction is executed while all of the following five conditions are met, a voltage-down
detection interrupt is generated immediately and control returns from wait mode.

* The CMO register’s CMO02 bit = 1 (peripheral function clock turned off)

+ VCR2 register’s VC27 bit = 1 (voltage-down detection circuit enabled)

« D4INT register’s D40 bit = 1 (voltage-down detection interrupt enabled)
« D4INT register’s D41 bit = 1 (voltage-down detection interrupt used for return from wait mode)
+ VCC1 input voltage greater than Vdet2 (VCR1 register’s VC13 bit = 1)

REJ05B1176-0100/Rev.1.00
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Using the Voltage-Down Detection Interrupt to Enter Wait Mode

(2) Hardware reset 2
Hardware reset 2 is a reset asserted by the microcomputer’s internal voltage detection O circuit.

This circuit monitors the input voltage on VCC1 pin and when the input voltage drops below VdetO,

it resets the microcomputer.

Hardware reset 2 is enabled by setting the VCR2 register’s VC25 bit to 1 (voltage detection O circuit
enabled) and the VWOC register’'s VWOCO bit to 1 (hardware reset 2 enabled).

Table 2 shows the procedure for setting the register bits associated with hardware reset 2. Figure 2
shows the manner of how hardware reset 2 works. The sample program does not use the digital
filter.

Table 2. Hardware Reset 2 Related Bit Setup Procedure

Step When digital filter is used | When digital filter is not used
1 [Set the VCR2 register’s VC25 bit to 1 (voltage detection O circuit enabled).
2 |Wait a while equal to td(E-A)
3 |Use the VWOC register's VWOF0-VWOF1 bits[Set the VWOC register’s VWOC1 bit to 1
to select the sampling clock of the digital (digital filter disabled) and bits 6 and 7 to 1.
filter. Also, set the VWOC1 bit to 0 (digital
filter enabled) and bits 6 and 7 to 1.
4 [Set the VWOC register bit 2 to 0. (After step 3, set bit 2 to 0 over again.)
5 |Set the CM1 register’s CM14 bit to 0 (125 kHz|—
on-chip oscillator oscillating).
6 |Wait a while equal to the digital filter — (No wait time)
sampling clock x 4 cycles.
7 |Set the VWOC register’'s VWOCO bit to 1 (hardware reset 2 enabled).
VCC1
Vdet0 w
| |
| |
o ! I
When VWOC1 bit=0 Digital filter sampling clock x | —x32
(digital filter enabled) 4 cycles :<—>: ﬁij
Internal reset signal i : |
| .
T
: |
When VWOC1 bit = 1 | | oess 32
(digital filter disabled) | :‘fOCL’:
Internal reset signal
VWOCL1 bit: VWOC register bit
The above diagram applies to the condition below:
« VCR2 register’'s VC25 bit = 1 (voltage detection 0 circuit enabled)
* VWOC register's VWOCO bit = 1 (voltage monitor O reset enabled)
When the internal reset signal goes low, the microcomputer pins, CPU and SFR are initialized.
When the internal reset signal changes state from low to high, the program is executed from the
address indicated by the reset vector.

Figure 2. Hardware Reset 2 Operation Example
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Using the Voltage-Down Detection Interrupt to Enter Wait Mode

(3) Cold start/warm start determination function
* Cold start: When powered on, hardware reset 2
+ Warm start: Hardware reset 1, software reset, watchdog timer reset, or oscillation stop detection
reset

@ Cold start/warm start determination is made by checking the RSTFR register’s CWR bit (cold
start/warm start determination flag). To enable the CWR bit, set the VCR2 register’s VC25 bit
to 1 (voltage detection O circuit enabled) and the VWOC register’s VWOCO bit to 1 (hardware
reset 2 enabled).

® The CWR bit is cleared to 0 (cold start) when the device is powered on or hardware reset 2 is
asserted. The CWR bit is set to 1 by writing 1 in a program. The value of this bit is unaffected by
hardware reset 1, software reset, watchdog timer reset, and oscillation stop detection reset.

® When warm started, the value of the internal RAM is retained. However, if the RESET pin goes
low while a write to the internal RAM is in progress, the value of the RAM being written

becomes indeterminate.

Figure 3 shows the manner of how the cold start/warm start determination function works.

5V
VCC1
VdetO
ov
CWR bit v\ v\
Setto 1 bya : Settolbya :
program I program |
Hardware reset 2 T_| T_|
The above diagram applies to the case where the digital filter is unused.

Figure 3. Operation Example of the Cold Start/Warm Start Determination Function
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3.3 Description of Software Operation
(1) During normal operation

1-1) Count down the 1-sec timer each time a timer A0 interrupt request is generated (at 50-ms
intervals).

1-2) Count up WATCH_CNT when the 1-sec timer underflows and output the count to port PO.
(2) When VCC1 < Vdet2 (when the VCC1 input voltage dropped)

2-1) Set the D42 bit to 1 (dropping past Vdet2 detected) at the same time a voltage-down detection
interrupt is generated.

2-2) In a voltage-down detection interrupt handler, check the VC13 bit (voltage-down monitor flag)
to determine whether VCC1 < Vdet2.

2-3) When the VCC1 < Vdet2 condition is confirmed, switch the CPU clock source from the PLL clock
to the main clock.

2-4) Turn the PLL off to reduce the amount of power consumed in the chip.
2-5) Execute the WAIT instruction to enter wait mode.
(3) When VCC1 < Vdet0 (when the VCC1 input voltage dropped)
3-1) The internal reset signal is pulled low by action of hardware reset 2, causing the microcomputer
pins, CPU and SFR to be initialized.
(4) When VCC1 > Vdet0 (when the VCC1 input voltage rose)

4-1) The internal reset signal is released high by action of hardware reset 2, causing the device to
enter a reset sequence.
(5) When VCC1 < Vdet2 (when the VCC1 input voltage dropped)
Perform the same operation as in (2).
(6) When VCC1 > Vdet2 (when the VCC1 input voltage rose)
6-1) A voltage-down detection interrupt is generated. After returning from wait mode, execute the
voltage-down detection interrupt handler again (multiple interrupts).
6-2) In a voltage-down detection process within the voltage-down detection interrupt handler, check
the VC13 bit (voltage-down monitor flag) to determine whether VCC1 > Vdet2.

6-3) When the VCC1 > Vdet2 condition is confirmed, switch the CPU clock source from the main
clock to the PLL clock.

Figure 4 shows VCC1 voltage changes and sample program state transitions.

veer (@) @ ® @ (3 ()
e L T A ——

vdet2 | = ,_.______\' —_——— k _______ [____
Supplement 1 \/

VdetO |+ =+ — - ——— — — — — — —

A -
>»

[
)

Main process I Wait mode Main process I Wait mode

CPU initialization Interrupt ( )C:PU initializatioB ( Interrupt >
Reset state
process process

process process

Main process

Supplement 1: In the sample program, no interrupts are generated if the input voltage remains stable

within the range VCC1 > Vdet2 until D4INT (voltage-down detection interrupt register)
setting is completed after reset.

Figure 4. VCC1 Voltage Changes and Sample Program State Transitions
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Using the Voltage-Down Detection Interrupt to Enter Wait Mode

3.4 Description of the Voltage-Down Detection Interrupt Handling

The content and processing flow of voltage-down detection interrupt handling is described below.

The rise/fall of VCC1 input voltage is determined by reading the VC13 bit (voltage-down monitor flag)
several times. The method for determining whether the VC13 bit is set or reset is described in Section 3.4.1,
“VC13 Bit (Voltage-Down Monitor Flag) Check Example.”

(1) If VCC1 < Vdet2 (when the VCC1 input voltage drops — Wait mode is entered)

(1) Switch the CPU clock source from the PLL clock to the main clock.
In the sample program, since the PLL clock is selected for the CPU clock source, the CPU clock
source must be switched to the main clock before wait mode is entered.

(2) Turn the PLL off to reduce the amount of power consumed in the chip.

(3) Set the output counter port for input.

(4) Set the D42 bit to 0 (Vdet2 undetected).

(5) Execute the WAIT instruction to enter wait mode.
In the sample program, the option “peripheral function clock, f1, turned off when in wait mode”
(CMO02 bit = 1) is selected to reduce the amount of power consumed in the chip.

(2) If VCC1 > Vdet2 (when the VCC1 input voltage rises — Wait mode is exited)
Return from wait mode when a voltage-down detection interrupt is generated during wait mode, and
then enter voltage-down detection interrupt handling. In this case, there are multiple occurrences of
voltage-down detection interrupts, i.e., another interrupt while an interrupt being processed.

(3) If VCC1 = Vdet2 (multiple occurrences of voltage-down detection interrupts)

(1) Switch the CPU clock source from the main clock to the PLL clock.
Because the PLL was turned off before entering wait mode, it is turned back on.

(2) Set the output counter port for output. (The counter data that was latched immediately before
entering wait mode is output.)

(3) Set the D41 to 0 temporarily and then set it to 1 (voltage-down detection interrupts used to return
from stop mode).

(4) Set the D42 bit to 0 (Vdet2 undetected).
The D42 bit is set to 1 when the VCC1 input voltage is detected to have risen or dropped past Vdet2.

When the D42 bit = 1, no voltage-down detection interrupt signals are output, so the D42 bit must be
set to 0.

@oltage-down detection interrupD

|Protect register (protection Iifted)|

| Set CM1 register

|
| Set CMO register | --------------------------- CMO06 « 0 (CM16, CM17 bits enabled)
|

| Protect register (protected) |

CM11 « 0 (main clock selected for the system clock)
| """""""""""""" CM16 « 0, CM17 « 0 (clock not divided)

CC1 riseffall determination
by VC13 bit check

VCC1 < Vdet2 VCCL1 > Vdet2 VCCL1 error
(voltage dropped) (voltage rose) assumed
Processing before entering wait Switch clock source from main Exception handling
mode to PLL [HANDLE_EXCEPTION]
[ [
| D42<"0" | | Return from wait mode |
I [
| Execute WAIT instruction | | D42<"0" |

| Enclosed in [ ]are the
function names in the

( End ) program.

|‘

Figure 5. Voltage-Down Detection Interrupt Processing Flowchart
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3.4.1 VC13 Bit (Voltage-Down Monitor Flag) Check Example
(1) The VC13 bit (voltage-down monitor flag) is checked in a fixed cycle. (The fixed cycle is produced by a
loop process.)

(2) If the VC13 bit is sampled as 0 CNT_UNDER_VDET?2 times (8 times) consecutively, a determination of
VCC1 < Vdet2 is made.

(3) Ifthe VC13 bit is sampled as 1 CNT_UNDER_VDET?2 times (8 times) consecutively, a determination of
VCC1 = Vdet2 is made.

(4) If the number of times the VC13 bit is checked exceeds CNT_LOOP_MAX times (20 times), occurrence
of an exception is assumed.

Figure 6 shows a VC13 bit (voltage-down monitor flag) check flowchart.

@oltage-down monitor flag chec@

Initialize counters } ————————————— Cnt_under_Vdet2—#CNT_UNDER_VDET?2 (Vdet2 under-counter)
| Cnt_over_Vdet2—#CNT_OVER_VDET?2 (Vdet2 over-counter)

| | Cnt_total—#CNT_LOOP_MAX (Total check counter) J

| Fixed-cycle loop |

_ No (VCC1< Vdet2)
VC13 bit=1?

Yes|(VCC1=Vdet2)
Reset Vdet2 under-counter Reset Vdet2 over-counter
Cnt_under_Vdet2—#CNT_UNDER_VDET2 Cnt_over_Vdet2—#CNT_OVER_VDET2
Decrement Vdet2 over-counter | Decrement Vdet2 under-counter|

Vdet2 over-counter = 0?

Vdet2 under-counter = 0?

No No
Decrement total counter
No
Total counter = 0? @
Exception handling . .
(HANDLE_EXCEPTION) Return from wait mode Enter wait mode

( End )

Figure 6. VC13 Bit (Voltage-Down Monitor Flag) Check Flowchart

3.4.2 Exception Handling (HANDLE_EXCEPTION)

In the sample program, unless the VC13 bit (voltage-down monitor flag) is sampled 0 or 1 a number of
times consecutively within a total check count (CNT_LOOP_MAX (20 times)), an exception condition is
assumed.

In exception handling, the voltage-down detection interrupt is disabled before wait mode is entered and
then the program is halted thereafter.
+ Since the voltage-down detection interrupt is disabled before wait mode is entered, control does not return
from wait mode even when the VCC1 input voltage rises to VCC1 > Vdet2 after an exception occurs.
+ Alogic 1 is set in the output latch of port P1_0 as information that an exception has occurred.
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Using the Voltage-Down Detection Interrupt to Enter Wait Mode

4. How to Set Up

The following shows how to set up the registers to accomplish the operation described in Section 3.3,
“Description of Software Operation.” For details about each register, see the hardware manual of the
M16C/64 group.

(1) Set the D4INT clock supply enable bit (PM25) and the voltage detection circuit enable register (VCR2).

— — — = PRC3 VCR2, D4INT, VWOC register write enable
1: Enables write

Reserved bits
Set these bits to 0.

I><|><I]_| |ON | | E’F:;)Ac;)ssormode register 2

PM25 DA4INT clock supply enable bit
1: Enables clock supply

b7 b0
Protect register
(o] [ofofa] [1]1] frreere
| T T 1 [
: : : : : - PRCO CMO, CM1, _CM2, PLCO, PCLKR register write enable
| Ll L 1: Enables write
PRC1 PMO, PM1, PM2, TB2SC, INVCO, INVC1 register write enable
I P 1: Enables write
| 1t
| 11
|

| 1 | 0 | 1 I><] 0 | O| 0 | 0 | ECJ(I:t;g; detection circuit enable register

: Reserved bits
| I Set these bits to 0.
|

e _— —. VC25 Voltage detection 0 enable bit

1: Enables voltage detection O circuit The detection circuit starts working td(E-A)

Reserved bit after the VC25 or VC27 bit is set to 1.
Set this bit to 0.

VC27 Voltage-down monitor bit
1: Enables voltage-down detection circuit

(2) Wait until the voltage-down detection interrupt enable bit (D40) is set.

Here, a wait for sampling time is inserted to allow for the voltage-down detection interrupt CPU clock Wait time
enable bit to be set.
The time in which the voltage-down signal is sampled depends on how the DF1 and DFO bits 16MHz 24us
(sampling clock setting bits) are set. The maximum sampling time that can be set is (DF1, DFO
bits = 11 (CPU clock divided by 64)). 24MHz 16us
@ Wait time = CPU clock x 1/64 x 6 clock cycles (see the table shown to the right) -

1_25 kHz_ o_n—chlp 25ms

oscillator divided by 8

Figure 7. Procedure for Setting Up the Registers to Use a Voltage-Down Interrupt Application (1)
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The D40 bit is usable when the VCR2 register’'s VC27 bit = 1.

To set the D40 bit to 1, follow the steps below.

(1) Set the VC27 bhitto 1.

(2) Wait a while equal to td(E-A) until the detection circuit starts
working.

(3) Wait a while equal to sampling time.

(4) Set the D40 bit to 1.

(3) Set up the voltage-down detection interrupt register (D4INT).
b7 b0

1]1| Voltage-down detection interrupt register
(D4INT)

: | = D40 Voltage-down detection interrupt enable bit
[ 1: Enables interrupt
|
|
|

— T D41 STOP exit control bit
1: Enables exit control (voltage-down detection
interrupts used for return from stop mode)
D42 Voltage change detection flag
0: Not detected

If the voltage-down detection interrupt
was once used for return from stop
mode, it is necessary that when it is
Cleared to 0 by writing 0 | used for return again, the D41 bit should
: in a program. Writing 1 be set to 1 by writing O first and then 1.
1: Rise or fall past Vdet2 detected to this bit has no effect. If the CMO register's CM02 bit = 1
D43 WDT overflow detection flag (peripheral function clock, 1, turned off
0: Not detected when in wait mode), this bit is used for
1: Overflow detected wait mode exit control also.
_____ DF1, DFO Sampling clock select bits
00: D4INT clock divided by 8

01: D4INT clock divided by 16 ; . o
10: DAINT clock divided by 32 If the VC25 bit = 0 (voltage detection 0 circuit disabled), set

s the VWOCO bit to 0 (reset disabled).
11: D4INT clock divided by 64 p
(4) Set up e voltage watcn U CIrcuit control reg|sre)r/ (VwuL) To set the VWOCQO bit to 1, follow the steps below.
(1) Set the VC25 bit to 1.
b7 b0 Voltage watch O circuit control register (2) Wait a while equal to td(E-A) until the detection circuit

| 1| 1| | | | | | | (VWoc) ?3) égrtﬁgv\[;\rll\(/lggl bit to 1 and bits 6 and 7 to 1.

. (4) Setbit 2 10 0.
| VIWOCO Hardware reset 2 enable bi (5) Set the VWOCO bit to 1.

VWOC1 Voltage watch 0 digital filter disable mode select bit
T 0: Ef‘ab'es digi_tal fi!ter In the sample program, the VWOC1 bit is
1: Disables digital filter \get o 1 (digital fiter disabled).
Reserved bit
- =" Set this bit to 0.
Reserved bit (read-only)
| T T When read, its value is indeterminate.
| VWOF1, VWOF0 Sampling clock select bits
_______ 00: fOCO-S divided by 1 10: fOCO-S divided by 4
01: fOCO-S divided by 2 11: fOCO-S divided by 8

[

|
|
|
|
|
|
|
|
|
|
|
|
-4

r—-————- - ———

%

(5) Switch the CPU clock source to the PLL clock.
« If the CM1 register's CM11 bit = 1 (PLL clock selected for the CPU clock source), the register settings described below cannot be made.
These register settings are possible when the CM11 bit = 0 (main clock selected for the CPU clock source).

(5-1) Set up the system clock control register 2 (CM2).
b0

|b7|><|0|0| | |?| fcyf,f? clock control register 2

I_ _ ) ‘The CM21 bit is usable when the
CM21 System clock select bit 2 EMW bit = 0.

0: Main clock or PLL clock

(5-2) Set up the system clock control register 1 (CM1)

b7 b0
System clock control register 1
LL[ [ [olofo] | & ?
]

(CM1)

‘The CM11 bit is usable when the
EMO? bit = 0 and CM21 bit = 0.

— — CM11 System clock select bit 1
0: Main clock

(5-3) Set up the system clock control register 0 (CMO0)
b7 b0

System clock control register O
olofol T [2] [ }idie)

The clock source fOCO-S
for f{C32, timer A and timer B
does not stop.

— — — CMO02 Wait mode time peripheral function clock stop bit

1: Turns off peripheral function clock, f1, when in wait mode
——————— CMO05 Main clock stop bit

0: Oscillating

| - ————- CMO06 System clock divide ratio select bit 0
I 0: CM16, CM17 bits enabled
————————— CMO7 System clock select bit
0: Main clock, PLL clock, or 125 kHz on-chip oscillator

Figure 8. Procedure for Setting Up the Registers to Use a Voltage-Down Interrupt Application (2)
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(5-4) Set up the processor mode register 2 (PM2).
b7

I><|><|><] |OD<I |;0 (F’F:&cgssormode register 2
I T

: - PM20 SFR access wait specification when PLL operating

I 1: Specifies 1 wait cycle
— — — — Reserved bit
Set this bit to 0.

(5-5) Set PLC04 and PLCO03 (reference frequency counter setting bits) and PLC02, PLC01 and PLCOO (PLL multiplication factor select bits).

b7 b0
B

PLL control register 0 ‘ .
, (PLCO) To set up the PLL control register

| (PLCO), write to it when the PLCO7 bit=0

|

: —'—— PLCO02, PLCO1, PLCO0 PLL multiplication factor select bits | (PLL turned off).
I 000: Setting prohibited

I 001: Multiply by 2

I 010: Multiply by 4
|

|

|

|

|

011: Multiply by 6
100: Multiply by 8
101:
110: } Setting prohibited
111:
————— Reserved bit
When read, its value is indeterminate.
—_———— PLCO04, PLC03 Reference frequency counter setting bits
00: Not divide
01: Divide by 2
10: Divide by 4
11: Setting prohibited
b= — PLCO7 Operation enable bit
0: Turns PLL off

[————————————

(5-6) Set up PLL operation (PLCO7 bit).

b7 bo PLL rol ister 0 Before setting the PLCO7 bitto 1 (PLL
| 1|><| | | | | | (PLC%c;n rolregister operating), set the CMO05 bit to 0O (main
clock oscillating) first.

————————— PLCO7 Operation enable bit
1: Runs PLL

(5-7) Wait a while (tsu(PLL)) until the PLL oscillation stabilizes.

(5-8) Switch the system clock from the main clock to the PLL clock.

| | | | |0|0|::_| . (Sgl\sllti? clock control register 1

—— CM11 System clock select bit 1
1: PLL clock

(6) Set up the protect register (PRCR).

(PRCR)

b7 b0

Protect register
(o _[ofo[o] [o]o] ’
| T T

I I_pRCO cMo, CM1, CM2, PLCO, PCLKR register write enable
I 0: Disables write
l—- PRC1 PMO, PM1, PM2, TB2SC, INVCO, INVC1 register write enable
0: Disables write
— — — — PRC3 VCR2, D4INT, VWOC register write enable
0: Disables write
Reserved bits
Set these bits to 0.

Figure 9. Procedure for Setting Up the Registers to Use a Voltage-Down Interrupt Application (3)
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5. Sample Programs

Download a sample program from the Renesas Technology website. Click the screen menu “Application
Note” on the left side of the M16C family’s top web page.

6. Reference Documents

Hardware manual
M16C/64 Group Hardware Manual
(Get the latest version from the Renesas Technology website.)

Technical updates and technical news
(Get the latest information from the Renesas Technology website.)
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Website and Support

Renesas Technology website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
mailto:csc@renesas.com
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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
inteilectual 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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