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Notice 
1. 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 sales 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. 

2. 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. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You 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. 

5. 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.  You 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. 

6. 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. 

7. 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 electronic appliances; machine tools; personal electronic equipment; and industrial 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; aerospace 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 healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially 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. 

9. 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. 

10. 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. 

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

12. 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. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 



 APPLICATION NOTE

 

M16C/64 Group 
Power Control Example Using Wait Mode 

1. Abstract 

This example shows the procedure for entering wait mode after turning the main clock off. 
In the sample program, the device returns from wait mode every second and after incrementing the 1-second 
counter, goes to wait mode again. When an INT0 interrupt is generated, the device returns from wait mode 
and then enters high-speed mode (main clock working). 
 

2. Introduction 

The application example described in this document applies to the following MCU: 
 

• MCU: M16C/64 group 
 

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. 
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3. Specification 

The peripheral functions used in the sample program are listed below. Also, a power control state transition 
diagram is shown in Figure 1. 

z Timer B2 timer mode 
z INT0 interrupt 

A flag named “F_WIT” is used in the setup procedure. This flag is used to determine whether wait mode is to 
be exited. 
If F_WIT = 1 in the main program, wait mode is entered; if F_WIT = 0, wait mode is not entered. 
 

(1) A 32.768 kHz resonator is connected to XCIN and it is used as the count source for timer B2. 
Every time the timer counts 1 second, a timer B2 interrupt is generated. The device returns from 
wait mode by this timer B2 interrupt and after counting clock pulses, goes to wait mode again. In the 
sample program, a RAM labeled “WATCH_CNT” is used as memory to count clock pulses. 

(2) When an INT0 interrupt request is generated, wait mode is exited. 
In an INT0 interrupt handler, the F_WIT flag is cleared by writing 0. 
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Figure 1. Power Control State Transition Diagram 
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4. Operation 

(1) The clock source for the CPU clock is switched from the main clock to a sub-clock, thereby entering 
low-speed mode. 

(2) The main clock is turned off to enter low power consumption mode. After that, wait mode is entered 
by a WAIT instruction. At this time, timer B2 and INT0 interrupts are enabled. 

(3) When a timer B2 interrupt request (interrupt interval of 1 second) is generated, control returns from 
wait mode and the CPU clock is turned back on again. At the same time, clock pulses are counted in 
a timer B2 interrupt handler, and then wait mode is entered again. (F_WIT flag = 1) 

(4) When an INT0 interrupt request is generated, control returns from wait mode and the CPU clock is 
turned back on again. At the same time, the F_WIT flag is cleared (wait mode exited) by writing 0 in 
an INT0 interrupt handler. 

(5) The main clock is started oscillating to enter low-speed mode. After that, the clock source for the 
CPU clock is switched from a sub-clock to the main clock, thereby entering high-speed mode. 
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Figure 2. Operation Timing Diagram of Wait Mode Based Power Control 
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Note 1: To select the main clock in an off state as the clock source for the CPU clock, follow the steps below.
(1) Set the CM05 bit to 0 (clock oscillating).
(2) Wait a while until the main clock oscillation stabilizes.
(3) Set the CM11 bit to 0 (main clock selected for the system clock).
     Set the CM21 bit to 0 (main clock or PLL clock selected for the system clock).
     Set the CM07 bit to 0 (main clock, PLL clock or 125 kHz on-chip oscillator selected for the system clock).

Note 2: During lower power consumption mode (CM07 bit = 1 (sub-clock selected) and CM05 bit = 1 (main clock turned off)), register
settings are fixed as follows:
• CM06 bit = 1 (main clock divide-by-8 mode)
• CM15 bit = 1 (XIN-XOUT drive capability HIGH)
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5. How to Set Up 
The following shows how to set up the registers to accomplish the operation described in 4, “Operation.” For 
details about each register, see the hardware manual of the M16C/64 group. 
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Processing before transition to wait mode
(1) Change the clock source for the CPU clock from the PLL clock to the main clock.

Protect register
(PRCR)

PRC0  CM0, CM1, CM2, PLC0, PCLKR register write enable
1: Enables write

Reserved bits
Set these bits to 0.

System clock control register 1
(CM1)

CM11: System clock select bit 1
0: Main clock

Reserved bits
Set these bits to 0.

PLL control register 0
(PLC0)

PLC07  Operation enable bit
0: Turns PLL off

(2) Let the sub-clock (XCIN-XCOUT) start oscillating.

System clock control register 0
(CM0)

CM03  XCIN-XCOUT drive capability select bit
1: High

CM04  Port XC switch bit
1: Switches XCIN-XCOUT oscillation on

CM05  Main clock stop bit
0: Oscillating
1: Turns off

CM07  System clock select bit
0: Main clock, PLL clock or
    125 kHz on-chip oscillator

Protect register
(PRCR)

PRC0  CM0, CM1, CM2, PLC0, PCLKR register write enable
0: Enables write

Reserved bits
Set these bits to 0.

(3) Set up timer B2.

Timer B count source select register 1
(TBCS1)

TCS2, TCS1, TCS0   TB2 count source select bits
TCS3   TB2 count source option specifying bit

0: TCK0, TCK1 enabled, TCS0–TCS2 disabled

Timer B2 mode register
(TB2MR)

TM0D0, TM0D1  Operation mode select bits
00: Timer mode

TCK0, TCK1   Count source select bits
11: fC32 (XCIN divided by 32)

Timer B2 register
(TB2)
[Timer B2 underflow timing: (3FFh + 1) * fC32 = 1 sec]

0
b0b7

0 0 1

b0b7

0 0 0

0
b0b7

0
b0b7

1 1

When setting CM04 to 1, pay attention to the following:
• Set the PD8 register’s PD8_7 and PD8_6 bits to ‘00b’

(input port) and set the PUR2 register’s PU21 bit to 0
(without pullup).

• After setting the CM04 bit to 1, wait a while until the
sub-clock oscillation stabilizes and then set the CM07
bit to 1 (sub-clock selected).

0
b0b7

0 0 0

Figure 3. Procedure for Setting Up the Registers Associated with Wait Mode Based Power Control (1) 

b0b7

0 0 0 0

Continues to the next page

0x03
b15

0xFF
b8 b7 b0

TCS2 Description
0 f1TIMAB or f2TIMAB Note 1

0 f8TIMAB
0 f32TIMAB
0 f64TIMAB
1 Settings prohibited
1 fOCO-S
1 fC32
1 Settings prohibited

1
b0b7

1 0 0

TCS1TCS0
0 0
0 1
1 0
1 1
0 0
0 1
1 0
1 1

Note 1: Use the PCLKR register’s PCLK0
bit to select.
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Figure 4. Procedure for Setting Up the Registers Associated with Wait Mode Based Power Control (2) 

Processing before transition to wait mode

  (6) Setting up interrupts except for exiting wait mode
Interrupt control registers

TBiIC(i=0 to 5) [Timer Bi]
BCNIC [UART2 bus collision detection]
DMiIC(i=0 to 3) [DMAi]
KUPIC [Key input interrupt]
ADIC [A/D]
SiTIC(i=0 to 2,5 to 7)[UARTi transmit complete]
SiRIC(i=0 to 2,5 to 7)[UARTi receive complete] INTiIC
TAiIC(i=0 to 4) [Timer Ai] [INTi external interrupt]
UiBCNIC(i=5 to 7) [UART1 bus collision SiIC(i=3,4)[SI/Oi]

detection]
ILVL2–ILVL0 ILVL2–ILVL0
Interrupt priority level select bits Interrupt priority level select bits
000: Level 0 (interrupt disabled) 000: Level 0 (interrupt disabled)

b0b7

0 0 0
b0b7

0 0 0 0

Time-of-day clock prescaler reset flag
(CPSRF)

CPSR  Time-of-day clock prescaler reset flag
1: Time-of-day clock prescaler reset

(3) Set the F_WIT flag to 1.
(4) Set the interrupt enable flag (I flag) to 0.
(5) Set up the interrupt control registers.

Timer B2 interrupt control register
(TB2IC)

ILVL2, ILVL1, ILVL0   Interrupt priority level selection
001: Level 1

INT0 interrupt control register
(INT0IC)

ILVL2, ILVL1, ILVL0   Interrupt priority level selection
001: Level 1

1
b0b7

b0b7

0 0 1

b0b7

0 0 10

Because the initial register values after
reset are ‘000,’ no settings are made for
ILVL2–ILVL0 in the sample program.

(8) Change the clock source for the CPU clock from the main clock to a sub-clock (transition to low-speed mode).

Protect register
(PRCR)

PRC0   CM0, CM1, CM2, PLC0, PCLKR register write enable
1: Enables write

System clock control register 0
(CM0)

CM03  XCIN-XCOUT drive capability select bit
0: Low
1: High

CM07  System clock select bit
1: Sub-clock

0
b0b7

0 0 1

1
b7

Continues to the next page

b0

(7) Wait until the sub-clock oscillation stabilizes.
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Processing before transition to wait mode
(9) Let the main clock stop oscillating (transition to low power consumption mode).

System clock control register 0
(CM0)

CM05  Main clock stop bit
1: Turns off

Protect register
(PRCR)

PRC0   CM0, CM1, CM2, PLC0, PCLKR register write enable
0: Disables write

(10) Timer B2 starts counting.

Count start flag
(TBSR)

TB2S  Timer B2 count start flag
1: Count starts

(11) Set the interrupt enable flag (I flag) to 1.

b0b7

1

Figure 5. Procedure for Setting Up the Registers Associated with Wait Mode Based Power Control (3) 

Continues to the next page

0
b0b7

0 0 0

(12) WAIT instruction
(Insert at least 4 NOP instructions after the WAIT instruction.)

Processing after return from
wait mode Return from wait mode

(CPU clock turned back on again)

TB2 interrupt request
generated

INT0 interrupt request
generated

(13) Main clock starts oscillating (transition to low-speed mode).

Protect register
(PRCR)
PRC0   CM0, CM1, CM2, PLC0, PCLKR register write enable

1: Enables write

System clock control register 0
(CM0)
CM05  Main clock stop bit

0: Oscillating

0
b0b7

0 0 1

b0b7

0

(15) Change the clock source for the CPU clock from a sub-clock to the main clock (transition to high-speed mode).

System clock control register 0
(CM0)
CM07  System clock select bit

0: Main clock

System clock control register 0
(CM0)
CM06  Main clock divide ratio select bit

0: Not divided

System clock control register 0
(CM0)
CM04  Port XC switch bit

0: Switches Xin-Xout oscillation off

Protect register
(PRCR)
PRC0   CM0, CM1, CM2, PLC0, PCLKR register write enable

0: Disables write

0 b0
b7

0
b0b7

0 0 0

If the cause of return from wait mode is a TB2
interrupt request (F_WIT = 1), perform step
(12), “WAIT instruction,” again.

b0

Setting the CM04 bit to 0 causes the sub-
clock (XCIN) stop oscillating.

If the CM07 bit = 1 (sub-clock selected) and
CM05 bit = 1 (main clock turned off), register
settings are fixed as follows:
• CM06 bit = 1 (main clock divide-by-8 mode)
• CM15 bit = 1 (XIN-XOUT drive capability HIGH)

1
b0b7

(14) Wait until the main clock oscillation stabilizes.

b0
b7

0
b0

b0
b7

0
b0
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Figure 6. Procedure for Setting Up the Registers Associated with Wait Mode Based Power Control (4) 
 
 

INT0 interrupt

F_WIT = 0

RETURN

Timer B2 interrupt

Time-of-day clock count

RETURN
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6. Sample Programming Code 

A sample program can be downloaded from the Renesas Technology website. 
To download, click “Application Notes” in the left-hand side menu of the M16C Family page. 
 

7. 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/
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http://www.renesas.com/inquiry
mailto:csc@renesas.com
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