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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.




LENESAS APPLICATION NOTE

R8C/2F Group

Comparator

1. Abstract

This document describes a program for the comparator.

2. Introduction

The application example described in this document applies to the following MCU and condition(s):

e MCU : R8C/2F Group
¢ VCC, AVCC/VREF  :5V

This program can be used with other R8C/Tiny Series MCUs which have analogous special function registers

(SFRs) as the R8C/2F Group. Check the manual for any additions and modifications to functions. Careful
evaluation is recommended before using this application note.
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3. Application Example Description

The comparators compare reference input voltage and an analog input voltages. Comparator 0 and comparator 1 are
two independent comparators.

The method for comparing a reference input voltage and an analog input voltage using comparator 0 is described here.
Other conditions are as follows:

» ACOUTO output :Output enabled

» Comparator 0 reference input :D/A converter 0 output, 3 V setting

» Comparator 0 digital filter :Filter with 32 sampling

» Comparator 0 interrupt :Interrupt by CMOF bit enabled

» ACOUTO output polarity :Non-inverted comparator 0 comparison result output to ACOUTO
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Figure 3.1 shows an Operating Example of Comparator i (i = 0 or 1).

If the analog input voltage is higher than the reference input voltage, the CMILV bit in the ACCRI register is set to
1. If the analog input voltage is lower than the reference input voltage, the CMILV bit is set to 0.

When the comparison result changes, the CMiF bit in the ACCRi register is set to 1. If the value of the CMIIE bit in
the ACCRI register is 1 (interrupt by CMIF bit enabled) at this time, a comparator i interrupt request is generated.
Refer to the R8C/2F Group Hardware Manual for information on interrupts.

Analog input voltage (V)

Reference input voltage

CMiLV bit in 1
ACCRI register 0

/ Set to 0 by a program \
CMiF bit in 1 —I —I
ACCRI register 0

il

ACOUTi output
(when CMIiPOR bit

in ACMR register 0 g

is set to 0)

=

ACOUTi output
(when CMIiPOR bit

in ACMR register 0

is setto 1)

=

The above applies in the following conditions:

CMIOE bit in the ACCRI register = 1 (output enabled)

Bits FLTil1 and FLTiO in the ACCRI register = 00b (no filter)

CMIPOR bit in the ACMR register = 0 (non-inverted comparator i compare result output to ACOUT!I)
CMiIPOR bit in the ACMR register = 1 (inverted comparator i compare result output to ACOUTI)

i=0orl

Figure 3.1  Operating Example of Comparatori (i =0 or 1)

This sample program may include bit operations of unused functions for the SFR bit layout. Set these values
according to the operating conditions of the user system.
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3.1 Pins Used
Table 3.1 Pins Used and Their Function
Pin Name 1/0 Function
PO_4/AN3/TREO/ACMPO Input Comparator 0 analog pin
P5_3/TRCIOC/ACOUTO Output Comparator 0 comparison result output pin
R8C/2F

Analog signal input block
PO_4/AN3/TREO/ACMPO

P5_3/TRCIOC/ACOUTO —>

Figure 3.2  Analog Signal Input and Comparison Result Output

3.2 Memory Usage

Table 3.2 Memory Usage

Memory Usage Size Remarks

ROM 179 bytes In main.c module

RAM 0 bytes In main.c module

Maximum user stack usage 13 bytes main function: 7 bytes
comparator_init function: 6 bytes

Maximum interrupt stack usage |19 bytes CMO_int function: 19 bytes

Memory usage varies depending on the C compiler version and the compile option.

The above applies under the following conditions:
 C compiler: M16C/60, 30, 20, 10, Tiny, R8C/Tiny Series Compiler V.5.40 Release 00
» Compile option: -c -finfo; NOTE: -dir “$(CONFIGDIR)” -R8C
NOTE: Not available in the R8C/Tiny-exclusive free version.
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4, Setup

This section shows the initial setting procedures and values to perform the example described in 3. Application
Example Description. Refer to the R8BC/2F Group Hardware Manual for details on individual registers.

4.1 System Clock Setting
(1) Enable writing to registers CM0, CM1, OCD, FRAQ, FRAL, and FRA2.

4 N

Protect Register
b7 b0
[ I | | | | | [1] PRoR  [address0o0An]
PRCO Protect bit 0
Writing to registers CM0, CM1, OCD, FRAO,
FRAL, and FRA2 enabled
N\ /

(2) Start the low-speed on-chip oscilltor.

4 N

System Clock Control Register 1

Ll ol | | ] ] om [Address 0007h]

I— CM14 Low-speed on-chip oscillator oscillation stop bit

Low-speed on-chip oscillator oscillates

(3) Set the division ratio of the high-speed on-chip oscillator clock.

4 N

High-Speed On-Chip Oscillator Control Register 2

b7 bo
[ojo|o|o[o|o]o[0]| FrA2 [Address 0025h]

FRA22 to FRA20 High-speed on-chip oscillator frequency switch bits
Divide-by-2 mode

(b7-b3) Reserved bits
Setto 0.

- J

(4) Start the high-speed on-chip oscilltor.
4 N

High-Speed On-Chip Oscillator Control Register 0
b7 b0
LT L] ] ] [1] -*reo [Address 0023h]
FRAOQO High-speed on-chip oscillator enable bit
High-speed on-chip oscillator oscillates
- J
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R8C/2F Group

Comparator
(5) Wait until oscillation stabilizes.
(6) Select the high-speed on-chip oscillator.
4 N
High-Speed On-Chip Oscillator Control Register 0
b7 b0
LT L] || [2] | *reo [Address 0023h]
FRAO1 High-speed on-chip oscillator select bit
High-speed on-chip oscillator selected
- J
(7) Set system clock division select bits 1.
4 N
System Clock Control Register 1
b7 b0
[oJo] [ [ [ [ [ | om [Address 0007h]
| | CM17 and CM16 System clock division select bits 1
No division mode
o %
(8) Set system clock division select bit 0.
4 N
System Clock Control Register O
b7 b0
Lol [ [ | | | | owmo [Address 0006h]
| CMO06 System clock division select bit 0
CM16 and CM17 enabled
o %
(9) Disable writing to registers CM0, CM1, OCD, FRAOQ, FRAL, and FRA2.
4 N
Protect Register
b7 b0
[ I | | | | | |o] PrRoR  [addressoooan]
PRCO Protect bit 0
Writing to registers CM0, CM1, OCD, FRAO,
FRA1, and FRA2 disabled
- J
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4.2 Comparator Setting
(1) Set the protect register.

| T ] Jo] [ | Prer  [Address 00oah)

I— PRC2 Protect bit 2

Writing to PDO register enabled

(2) Set the port PO direction register.

[ | | ol [ | | | Poo [Address 00E2h]

I— PDO_4 Port PO_4 direction bit

Input mode

(3) Set the D/AO register.

b7 bo
[1]o]o|1]1]o[0]1] DAo [Address 00D8h]

Output value of D/A conversion
3V (0x99) setting

(4) Set the ACOUTO output polarity select bit.

b7 b0
[T T T T T T o] acwrR (addressoir7n

CMOPOR ACOUTO output polarity select bit

output to ACOUTO

(5) Set the comparator 0 digital filter select bit.

Non-inverted comparator 0 comparison result }

b7 b0
[ ] Jaf2] | | | | Accro [addresso174h]
FLTO1 and FLTOO Comparator O digital filter select bits
Filter with f32 sampling
REJ05B1089-0100/Rev.1.00 October 2007 Page 7 of 15
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(6) Set the comparator O reference input select bit.

[T T T T Ja] [ ] accro [addressoi7an

I— VROSEL Comparator 0 reference input select bit

D/A converter 0 output

(7) Set the D/AO output to enable.

L [ [ [ [ [ | [1] oacon [addressoopch]

DAOE D/AO output enable bit
Output enabled

(8) Set the comparator 0 operation enable bit.

0
L [ L [ [ [ ] [1] Accro [addresso0174n]

CMOE Comparator 0 operation enable bit

Operation enabled

(9) Wait until the comparator stabilizes (10 pus maximum)
(10) Read the comparator O interrupt flag (CMOF_ACCRO) (dummy read to initialize the interrupt flag)

(11) Set the ACOUTO output enable bit.

L L [ [ [ ] 1] | Accro [addressoi74n]

CMOOE ACOUTO output enable bit
Output enabled

(12) Set the comparator 0 interrupt enable bit.

[ Ta] T T T T [ ] accro [addressoi7an

| CMOIE Comparator 0 interrupt enable bit
Interrupt by CMOF bit enabled
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(13) Initialize the comparator 0 interrupt flag.
b7 b0
[o] T T [ ] | [ | Accro [addressoi7an]
| CMOF Comparator 0 interrupt flag
Setto 0.
(14) Set the comparator O interrupt control register.
4 N
b7 b0
[oJofo|o|o[1]1]1] cmoc  [Address 00sBh]
ILVL2 to ILVLO Interrupt priority select bits 2 to 0
Level 7
IR Interrupt request bit
No interrupt request
(b7-b4) Nothing is assigned.
Setto 0.
\ %
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5. Flowchart

5.1 Main Function

main()

asm (“FCLR I")

prcO « 1

cmld <0

fra2 < 0x00

fra00 « 1

Repeat
(i <= 255)

i++;

fra0l « 1

cml6 « 0

cml7 <0

cmO06 « 0

prcO < 0

Comparator associated
SFR initial setting processing
comparator_init()

asm(“FSET I)

LTI NI A
Juuuduynuduudy -~

/

~

\

Disable interrupts

Disable system control register protection

Start the low-speed on-chip oscillator

High-speed on-chip oscillator clock: Divide-by-2 mode

Start the high-speed on-chip oscillator

Wait until oscillation stabilizes

Select the high-speed on-chip oscillator

No main clock division

Enable CM16 and CM17

Enable system control register protection

Comparator associated SFR initial setting processing

Enable interrupts

REJ05B1089-0100/Rev.1.00
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5.2 Comparator Associated SFR Initial Setting Processing

C comparator() )
|

| prc2 «— 1 | Disable protection

| pd0 « pd|0 & OXEF | PO_4/ACMPO pin: Input pin

| da0 « VOL|TAGE_3_O | Set 3V to the D/AO register

| cmOpor_Lcmr «1 | Output the non-inverted comparator 0 comparison result to ACOUTO

| flt00_accr0 « 1 |

| Filter with f32 sampling
| flt01_accrO « 1 |

| vrOsel_accrO «— 1 | D/A converter 0 output
| daOe_da!con «~1 | Enable the D/AO output
| cmOe_a(|:cr0 «~1 | Enable comparator O operation
,/ Re[|)eat \‘ ™
(i<10)
| i+|+; | > Wait until the comparator stabilizes (10 ps maximum)
|
L | ]
| dummy « cmOf_accrO | Read (dummy read to initialize the interrupt flag)
| cmOoe_a|ccr0 «1 | Enable the ACOUTO output
| cmOie_a|ccr0 «1 | Enable the interrupt by the CMOF bit
| cmOf_alcrO «0 | Initialize the comparator 0 interrupt flag
| cmOic <|— 0x07 | Comparator 0 interrupt: Interrupt level 7

|
C return )
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5.3 Comparator O Interrupt Handling

( CMO_int() )
|

| dummy « cmOf_accr0 | Read the comparator 0 interrupt flag

| cmOf_accr0 <~ 0 | Clear the comparator 0 interrupt flag

|
( 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 R8C/Tiny Series page.

7. Reference Documents

Hardware Manual
R8C/2F Group Hardware Manual
The latest version can be downloaded from the Renesas Technology website.

Technical Update/Technical News
The latest information can be downloaded 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
csc@renesas.com

REVISION HISTORY R8C/2F Group Comparator
Description
Rev. Date
Page Summary
1.00 Oct 31, 2007 - First Edition issued
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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.

© 2007. Renesas Technology Corp., All rights reserved. Printed in Japan.
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