ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



LENESANS

-
»
@
ﬂ\l
7
<
Q
=
-
QO

R8C/L35C Group, R8C/L36C Group,
R8C/L38C Group, R8C/L3AC Group

User’s Manual: Hardware

—
o)

RENESAS MCU
R8C Family / R8C/Lx Series

All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).

Renesas Electronics
WWW.renesas.com Rev.1.01 Mar 2011



10.

11.

12.

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 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.

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.

You should not alter, 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. 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.

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.

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 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.

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.

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.

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




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the R8C/L35C Group, R8C/L36C Group, R8C/L38C Group, R8C/L3AC Group.
Make sure to refer to the latest versions of these documents. The newest versions of the documents listed may be
obtained from the Renesas Electronics Web site.

Document Type Description Document Title Document No.
Datasheet Hardware overview and electrical R8C/L35C Group, R8C/L36C Group, | REJO3B0293
characteristics R8C/L38C Group, R8C/L3AC Group
Datasheet
User’s Manual: Hardware specifications (pin R8C/L35C Group, R8C/L36C Group, | This User’s
Hardware assignments, memory maps, peripheral | R8C/L38C Group, R8C/L3AC Group | Manual
function specifications, electrical User’s Manual: Hardware

characteristics, timing charts) and
operation description

Note: Refer to the application notes for
details on using peripheral functions.

User’s Manual: Description of CPU instruction set R8C/Tiny Series Software Manual REJ09B0001
Software
Application note Information on using peripheral Available from the Renesas Electronics Web site.

functions and application examples
Sample programs

Information on writing programs in
assembly language and C
Renesas technical | Product specifications, updates on
update documents, etc.




2.

The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

Notation of Numbers and Symbols

ey

@

Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word “register,”
“bit,” or “pin” to distinguish the three categories.
Examples the PMO3 bit in the PMO register
P3_5 pin, VCC pin

Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “h” is appended to numeric values given in hexadecimal format. Nothing is
appended to numeric values given in decimal format.
Examples Binary: 11b

Hexadecimal: EFAOh

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described below.

x.x.x XXX Register (Symbol)
Address XXXXh
Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | XXX7 XXX6 XXX5 XXX4 — — XXX1 XXX0 *1
After Reset 0 0 0 0 0 0 0 0 /
Bit Symbol Bit Name Function
b0 XXX0 [ XXX bit b1 b0 R/W Y
BT | XXX 0.0: XXX RIW
0 1: XXX N
1 0: Do not set.
1 1: XXX
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b3 — Reserved bit | Setto 0. R/W
b4 XXX4 | XXX bit Function varies according to the operating mode. | R/W
b5 XXX5 W
b6 XXX6 R/W
b7 XXX7 [ XXX bit 0: XXX R
\ 1: XXX \

AW

*1
R/W: Read and write.
R: Read only.
W: Write only.
—: Nothing is assigned.

*2
* Reserved bit
Reserved bit. Set to specified value.

*3
* Nothing is assigned.

N

Nothing is assigned to the bit. As the bit may be used for future functions, if necessary, set to 0.

* Do not set to a value.
Operation is not guaranteed when a value is set.
* Function varies according to the operating mode.

The function of the bit varies with the peripheral function mode. Refer to the register diagram for information

on the individual modes.




4. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
I/O Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.



Table of Contents

SFR Page REEIENCE .....ooiiiiii et st B-1
1. L@ 1Y) =SSR 1
1.1 FRALUIES ..ottt e e st e e et te e s abeeeabe e e abeeeeabaeeeatbeeennteesanbeeenbeeeanteeeenseeeensaeean 1
1.1.1 APDPIICALIONS ..ttt ettt ettt et s et e b e e st e bt e sab e e bt e sbbe e bt e b tesat e et e e bt e e beebeesatean 1
1.1.2 Differences DEtWEEN GIOUPS ....c..cocverueriieriirieniieitenieeite ettt sttt ettt sttt ettt sbeetesbe et besbeensenbeenee 2
1.1.3 SPECITICALIONS ...ttt ettt ettt ettt et et e s bt et e eae e be s aeetesbe e beebe e eeebeenteebeenteeaeeseenbesaeenbesneebeentans 4

1.2 PrOAUECE LLISES ..uviiiiiiiieiieeciie ettt et ettt e s e e et e e esebeeestaee e sbeeeansaeesssaaeansseaasssaeasseaansseesassaeesnssessnsseennes 7
1.3 BIOCK DIAZIAMS ..uveiiiiiiiiiiieiieieetet ettt ettt et b et be bbbt et s bt ebe et sbee bt st enbeenees 11
1.4 Pin ASSIZNIMENLS ..ueeiiiiitieiiitieteet ettt et et et e bt e et e bt e s e s bt e st e e b e et e saeembesbeenbesatent e beenteebe et enaeenees 15
1.5 5 00 B 1 ot 10 ) o USRS 23
2. Central Processing Unit (CPU) ......eeiiiiiiieee ettt e e e 25
2.1 Data Registers (RO, R1, R2, and R3) .c.c.cooiiiiiiiiiiiiiee ettt ettt sttt et 26
2.2 Address RegiSters (AD and AL co..ooeoieiieieieeeeetee ettt sttt 26
2.3 Frame Base ReZIStET (FB) .....ooouiiiiiiiiie ettt sttt et st e sanees 26
2.4 Interrupt Table RegiSter (INTB) ....cccuiiiiiiiiiiieiieeie ettt sttt sttt e ste st e sateebeenaee e 26
2.5 Program CoUNEr (PC) ....c..ooiiiiiiiieieeeeeee ettt ettt bbbttt e et e e e b enees 26
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP) ......cccooiiiiiiniiiiiiiieeceeeeee 26
2.7 Static Base REZISIET (SB) ...eiiiiiiiiiiiiiieeeete ettt ettt et ettt sttt e s eaneenaes 26
2.8 Flag RegIStEr (FLG) ...ouiiieitieiet ettt ettt ettt s ae et e st et e e sbe e e e saeenees 26
2.8.1 L@ 1 20 21 T () TSRS 26
2.8.2 DEDUZ FIAZ (D) eeeieiiieiiieeteee ettt ettt ettt et e bt e st et e e s et e e bt e et e e bt e bt e nateebeenatesatees 26
2.8.3 ZIO FLAZ (ZL) ettt ettt ettt e h ettt b e bt b e st b e e b et a e et et e b neas 26
2.8.4 N T T () T TSRS 26
2.8.5 Register Bank Select FIag (B) ....ooviiiiiiiiiiiieiecteteste ettt sttt et et st e b e eanees 26
2.8.6 OVEITIOW FIaZ (O) .ottt ettt bbbt et b et b et esaeeseenbeeaaesbeeaeens 26
2.8.7 Interrupt Enable F1ag (I) .....cccoooiiiii ettt e 27
2.8.8 Stack Pointer Se1ect FIaAZ () .ooouiiriiiiiiiiiiiieeie ettt sttt ettt sttt st st e e e satees 27
2.8.9 Processor Interrupt Priority Level (IPL) .....cc.coeoiiiiiiiiiiecciceeetee e 27
2.8.10  RESEIVEA Bt ..eeeiiiieeiiieciiie ettt et e et e e et e e s ba e e et eeessbee e sbeeesnseeeesaeesnseeeansbeeensraeannaenn 27

3 1Y 1= 0T YRR 28
4. Special Function Registers (SFRS) .....coiiiiiiii e e 29
5. RS BES teieceeeeeeeeeeEeeeresreeeneeearee e n e neees 45
5.1 REZISTETS ..ottt ettt ettt sttt ettt b et bt e bt s et e bt ebe e bt ee b e bt e st e bt e e enneennes 48
5.1.1 Processor Mode Register 0 (PMO) .....cc.coouiiiiiiiiiniiieieniceeteete ettt sttt 48
512 Reset Source Determination Register (RSTFR) .....ccooiiiiiiiiiiiiieeeee e 48
5.13 Option Function Select ReZiSter (OFS) ....cc.ooviiiiiiiiiiieeiieieeeee ettt sttt e 49
5.14 Option Function Select Register 2 (OFS2) ....ccooiiiiiiiiiiiieiieeetceeeeetee ettt 50

5.2 HATAWAre RESEL ..c.eviiiiiieiiciieiie ettt ettt et e st e e be s teeesaeebeesebaesseesssessseessaaesseesssessseessaeansannseeans 51
5.2.1 When Power SUPPLY 1S StADIE ......ooviiiiiiiiiiiieece ettt st st st st 51
52.2 POWET N .ttt bttt st sb e e bbbt et s bt ettt et esbe et enbe e 51

5.3 Power-On ReSet FUNCHOMN ......ccuiiiiiiiiieiiecie ettt ettt ettt e eve et eesbeesteessbeessaessseeseessseeseenseeans 53
5.4 Voltage MONItOr 0 RESEL ..c..eiiiiiriiiiiieiieeieet ettt ettt sttt et e e st e s bt e st e eabeesbeesabessbeebaesnbesnsee e 54
55 Watchdog TImEr RESEL .....co.eiriiiiiiiiieiiiteeet ettt st st sttt et et sbe e sbe e 55
5.6 SOFEWATE RESET ...ivvieiiiiiieiieeieesteeeie et et e ettt e eteebeestbeesbeesseeesbe e seasssaeseaassesssaesssessseenssenssesnseesssessseenses 55



5.7 Cold Start-Up/Warm Start-Up Determination FUNCHON .......cccooerviiniiiiiniiienieicnieiececeteeeeceeen 56
5.8 Reset Source Determination FUNCHON .........ooiiiiiiiiiiiiiiiieiiieeieeeete ettt 56
6. Voltage DeteCtion CirCUIL ........c.ooiiii e e e 57
6.1 TRETOAUCTION ..ttt ettt st et e s h e e bt e s bt e s bt e satesab e e bt e sabeeabeesbbeebeebeenas 57
6.2 REZISTETS ..ottt ettt b et bttt b et e bt et s bt e bt eb e e bt e bt e bt eat et e e bt e bt et enbeenees 61
6.2.1 Voltage Monitor Circuit Control Register (CMPA) ........ccccoiiiiiiiiiiieieeeeeeeee et 61
6.2.2 Voltage Monitor Circuit Edge Select Register (VCAC) ......cccooiiiiiiiiinieiinicieeceecceee e 62
6.2.3 Voltage Detect REIStEr 1 (VCATL) ittt 62
6.2.4 Voltage Detect REIStEr 2 (VCAZ) ..ottt ettt ettt ettt ettt st e e e 63
6.2.5 Voltage Detection 1 Level Select Register (VD1ILS) .....cocoiiiiiiiniiiiiiiieceeeececreeeeeees 64
6.2.6 Voltage Monitor 0 Circuit Control Register (VWOC) .....cocoviiviiiiniiniiiinienieeecieeteneeeeeieeee e 65
6.2.7 Voltage Monitor 1 Circuit Control Register (VWIC) .....cooiiiiiiiiiiiiiieieeeeeeeeee et 66
6.2.8 Voltage Monitor 2 Circuit Control Register (VW2C) ......cccooiiiiiiiiiiiiiiiicieeceeereeeeeeee e 67
6.2.9 Option Function Select Register (OFS) .......ooiiiiiiiiiiiiiiieeteetceeeeet ettt et 68
6.3 VCC INPUE VOLLAZE ..ottt sttt ettt st sttt ettt s sa e a st et ebe b e 69
6.3.1 MOnItoring VAELO ......cooouiiiiiiiiiiiiieeeet et ettt st st et 69
6.3.2 MONILOTING VACLL .eoviiiiiiiiiiieet ettt ettt ettt sttt bt et st e e sbe et enbeenees 69
6.3.3 MONIOTING VAELZ ...ooiuiiiiiiiiieiiiieitiet ettt et s sr e sttt et ea e bt et eue bt b et ne e eseeneeseeaens 69
6.4 Voltage Monitor O RESEL .......cc.coiiiiiiiiiiiiiiieet ettt et e s 70
6.5 Voltage Monitor 1 INTEITUPL ......ooerviiriiiiiniiiienieiteeetese ettt ettt sttt et ee e b 71
6.6 Voltage Monitor 2 INTEITUPL ......ccueeriiriieiiitieieieetet ettt ettt ettt te sttt e bt et e s bt et e sbe e st entesbe e e enaeenees 73
7. @ o] o TP P TP PVRP TP PSP PPTOT 75
7.1 TNETOAUCTION ..ttt sttt e s a e e bt e bt e st e e s bt e eab e e beesabeeabeesbaeenbeebeenas 75
7.2 I/O POrt FUNCHIONS .....oiiiiiiiiiiiiiiiiiicicicc et 77
7.3 Effect on Peripheral FUNCHOMNS ......co.iiiiiiiiiiieiitee ettt ettt s st s 77
7.4 Pins Other than I/O POTES ......coc.iiiiiiiiiieeiete ettt ettt st et st e bae s b ebee e 77
7.5 REGISTETS .eeiiieiteeie ettt ettt ettt st et e st e et esh e e e bt e shte st e e atesate e btesabeenbeesabesnbeennteenbeenseenas 83
7.5.1 Port Pi Direction Register (PDi) (i=01t0 7, 10 t0 13) ..ooiiiiiiiiiiiiieeee et 83
752 Port Pi Register (Pi) (i=010 7, 10 t0 13) cocoiiiiiiiririienisteeetete et 84
753 Timer RA Pin Select Register (TRASR) ..coouiiiiiiiiiieeee ettt 85
754 Timer RB/RC Pin Select Register (TRBRCSR) .......ooiiiiiiiiiiiieeeeeeeeee e 86
7.5.5 Timer RC Pin Select Register 0 (TRCPSRO) ....ooouiiiiiiiiiteeteteeee e 87
7.5.6 Timer RC Pin Select Register 1 (TRCPSRI) ...cooiiiiiiiiiiiiieeeeeteet ettt 88
7.5.7 Timer RD Pin Select Register 0 (TRDPSRO) ......ccooiuiiiiiiiiiiiieieiee e 89
7.5.8 Timer RD Pin Select Register 1 (TRDPSRI) ....cooiiiiiiiiiiiiietetee ettt 90
759 Timer RG Pin Select Register (TRGPSR) ....coouioiiiiiiiiieee ettt 91
7.5.10  UARTO Pin Select Register (UOSR) ....ccooiiiiiiiiiieiee ettt s 91
7.5.11  UART!I Pin Select Register (UTSR) ...c.cccceiriririnirinenenieeicetetetet ettt et 92
7.5.12  UART?2 Pin Select Register 0 (U2SRO) ....ooiuiiiiiiiiiieeitee ettt sttt e 93
7.5.13  UART2 Pin Select Register 1 (U2SR1) ...co.eoiiiiiiieiee ettt 94
7.5.14  SSU/IC Pin Select Register (SSUIICSR) .....ooviriiniiiienieieieiiieiececnceeee ettt 95
7.5.15  Key Input Pin Select Register (KISR) .....c.coviiriiiiiiiiiiiieiieieeeee ettt 96
7.5.16  INT Interrupt Input Pin Select Register (INTSR) ...cccoeouerieiiiiiiiiiiiiiiiieeeeeneseeeeeeeeeeeeenees 97
7.5.17  1/O Function Pin Select Register (PINSR) ......cooiiiiiiiiiiiiiiieee et 98
7.5.18  Port Pi Pull-Up Control Register (PIPUR) i=01t0 7, 10 t0 13) .coooiivieriiriieieniteeeeeeeeee e 99
7.5.19  Port P10 Drive Capacity Control Register (P10DRR) .......cccoeceiirininieniniieiiieicineneeeneneeeene 100
7.5.20  Port P11 Drive Capacity Control Register (P1IDRR) ........cccccooiiiiiiiniiiiiinieceeceeeeeee e 100

A-2



7.5.21  Input Threshold Control Register 0 (VLTO) ...cc.cocieriiiiiniriiniiieneiteneeeeieetesteeteeete e 101
7.5.22  Input Threshold Control Register 1 (VLTL) ...cccooioiiiiiiiiiiiiiie e 102
7.5.23  Input Threshold Control RegiSter 2 (VLT2) ..cc.eivciiiiiiiiiiiiieiieeieenite ettt sttt 103
7.6 POTE SELLINES w.nvetietieiiereeter ettt ettt st s bbbt ettt et ebee bt s bt e be s bt esbe s bt ebesbeentene 104
7.7 Unassigned Pin HandIINg ..........cccooiiiiiiiiiii ettt e 122
8 = U PP PRSP 123
9. Clock GENEration CICUIL .......ccuiiiiieiei ettt sr e e 124
9.1 INEFOAUCTION ..oviiiiiiiiiii et sttt et e sae e b s e esnene 124
9.2 REZISTETS ...ttt ettt et s a e n e et e s e e ennene 127
9.2.1 System Clock Control Register 0 (CIMO) .....cceeiiiiriiiiieiiiieiieenitesteeite sttt sereesaeesieeesbeesaneeane 127
9.2.2 System Clock Control Register 1 (CIM1) ...cc.covuiriiriiiiiniiiieienteicniteeetet ettt 128
9.23 System Clock Control Register 3 (CIM3) ......coouiriiiiiiiiiiiieieeeeieeiee ettt s 129
9.2.4 Oscillation Stop Detection RegiSter (OCD) .......oiiiiriiiiiiiieiieiiteie ettt s 130
9.2.5 High-Speed On-Chip Oscillator Control Register 7 (FRAT7) ..cccovceiviirierieniiienieienieesceenceee e 131
9.2.6 High-Speed On-Chip Oscillator Control Register 0 (FRAQ) ......c.cccceviiiiiniiiiiieiiieeeeeeeeeee 132
9.2.7 High-Speed On-Chip Oscillator Control Register 1 (FRAT) ..cccooviiriiiniiniiiieiccieeteeieeeeseeee 132
9.2.8 High-Speed On-Chip Oscillator Control Register 2 (FRA2) ......coceevireeiiniinenieienieeneeenceee e 133
9.2.9 High-Speed On-Chip Oscillator Control Register 4 (FRA4) ......c.ccooeiieiiiniiiinieieniceeeeeeeeeee 134
9.2.10  High-Speed On-Chip Oscillator Control Register S (FRAS) ...cccoviiriiiniiiiiiiienieeieeeeeieeeeeeieene 134
9.2.11 High-Speed On-Chip Oscillator Control Register 6 (FRAO) .......cccecevereninienieniiiiieeeieeneneseeenne 135
9.2.12  High-Speed On-Chip Oscillator Control Register 3 (FRA3) ........cccoiriiiiniiiniiicineeeeceeeeeee 135
9.3 XIN CIOCK ittt s be s s 136
94 On-Chip OSCHIAOr CIOCK .....oeuiiiiiiiiiiiiirieriitctereeeet ettt ettt s s s s ene 137
94.1 Low-Speed On-Chip OSCIllator CIOCK .........cccerieiiiriiiiiiiiiiieeeeteeee e 137
942 High-Speed On-Chip OSCillator ClOCK ........coocuieiiiiiiiiniieiieiieete sttt sttt 137
9.5 XCIIN CIOCK vttt ettt sttt ettt et b et st bt besa e sa st esteneebeeuteueebe b e besb et ennennens 138
9.6 CPU Clock and Peripheral Function CIOCK ...........ccccociiiiiiiiiiiiiniiieiiceeeceeee e 139
9.6.1 SYSEM CLOCK ittt ettt ettt e bt e st et e st e e beesabeenbeesabeesaensteebeessnesane 139
9.6.2 CPU CIOCK .ttt ettt st ettt ettt st e b e b e e e e sne e ennene 139
9.6.3 Peripheral Function Clock (f1, {2, 4, f8, and £32) ......coooiiiiiiiiieeeee e 139
9.6.4 FOCO e st s 139
9.6.5 TOCOA0M ...ttt ettt ettt ettt et et sae bbb sa e ae et eueenes 139
9.6.6 FOCO-F ettt ettt bbbt b e bttt et e bt e bt sae st et nae e s enee 139
9.6.7 FOCO-S ettt s st e s 140
9.6.8 TOCOI2E ..ttt ettt e b et bt sttt sa e sttt e e bt sae st e ebesaeseeanene 140
9.6.9 FC-LICD ettt ettt bbb b bttt et et b bt sa et be e e b enee 140
9.6.10  fC, fC2, fC4, and fC32 .....oouiiiiiiiiiicc e e 140
0.6.11  FOCO-WDT ..ottt ettt st bbb sttt ettt sae st b sae e eanenne 140
9.7 Oscillation Stop Detection FUNCHON .......c..cociiiiiiiiiiiiiiiicicree et 141
9.7.1 How to Use Oscillation Stop Detection FUNCHON ......cc.coeviiiiieriiiiiiiniieiienie et 141
9.8 Notes 0n Clock GEneration CIICUIE .........eereeeerierterierierteet et te sttt ete e estesbee e sbeetesbeentesbeenaesreeseenbeas 143
9.8.1 Oscillation Stop Detection FUNCHON .........ccoociiriiiiiiniiiiiiiiceeeeeeeeec e e 143
9.8.2 Oscillation Circuit CONSTANLS ........ccuecueiiiiiiiiiiiieiiiie ettt s s 143
9.8.3 XCIN CIOCK vttt ettt sttt ettt ettt st et st st b e et st e st eueebeebesa e b besaesennennens 143
9.8.4 Notes on Using Pins P12_0 and PI12_1 ..cocciiiiiiiiiiiieeeeeeeete ettt et 143



O =0 1V Y @ Y oo 144

10.1 INETOAUCTION ..niiiiiiieiiiiieie ettt ettt sttt sb et e be et ebe et s bt e besbeeanesbeennesaeenneane 144
10.2 REZISTEIS ..ottt ettt et s b e et b et b e ea bt bt et sbe et e s bt embe s bt esbe bt et e sbeentene 146
10.2.1  System Clock Control Register 0 (CMO) .......ccoovieiiriiiiiiiiiieiieiececteeeee et 146
10.2.2  System Clock Control Register 1 (CIM1) ...coiviiiiiiiiiiiieiiieiieeieette ettt ettt 147
10.2.3  System Clock Control Register 3 (CIM3) ..c..ooiiriiiiiniiiienieeieiteiesteeeetee ettt st 148
10.2.4  Oscillation Stop Detection Register (OCD) .........ccoviiiiiiiiiiiniiiieicieeee e 149
10.2.5  High-Speed On-Chip Oscillator Control Register O (FRAO) ......covviriieniiiiieiierieeiienieeieeseeeeeenns 150
10.2.6  Voltage Detect REZIStEr 2 (VCA2) ...ooviiiiiriiiiinieeteieetesteetetete sttt sttt sttt et 151
10.2.7  Power-Off Mode Control Register 0 (POMCRO) .......cocueiriiiiiiiiiiiiiienitetete ettt 152
10.3 Standard OPerating MOAE ........cccueeviiiiiiiniieiie ettt ettt ettt et e st e et esibesabeebeesabesbesbeesasesnseens 153
10.3.1  High-Speed CIOCK MOME .....cc.cooiiiiiiiiiiiiinieetieeeeei ettt sttt sttt st 154
10.3.2  Low-Speed CIOCK MOME ......cc.coiiiiiiiiiiiiiicieeeeee ettt st st 154
10.3.3  High-Speed On-Chip OSCillator MOAE .........ccceeviiiriiinieniieniieeieenite ettt siee st sieesbeesiaesneenee 154
10.3.4  Low-Speed On-Chip OSCIlator MO .........ccciviiriiriiniiniiienieiesiteeeteie sttt et 154
10.4 AT L (0 T [ TSRS 155
10.4.1  Peripheral Function Clock Stop FUNCHON ......c.eeviiiiiiiiiiiiiiiieieeicete ettt e 155
10.4.2  Entering Wait MOGE ......coccoriiiiiriiiieiiiicnte ettt ettt et a ettt be e e st e st eae 155
10.4.3  Reducing Internal Power Using VCA20 Bit .......cccooiiiiiiiiiiiiieieieieeesceeereere e 155
10.4.4  Pin Status in Wait MOAE .....coceoviiiiiiiiiiiiieneeeneeeeetet ettt sttt sa et e 155
10.4.5  EXiting Wait MOGE ....ooviiiiiiiiiieiiiiee ettt ettt sttt et e b et ea et e aeenaesat e be s et enbesbeenbeeseenteae 156
10.4.6  Exiting Wait Mode after CM30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) .......... 157
10.4.7  Exiting Wait Mode after WAIT Instruction is EXecuted ........cccccevviiirieniiiinienieniieiiesieeiee e 158
10.5 STOP MOAE ... e s e e 159
10.5.1  Entering Stop MOAE ......co.cooiiimiiiiiiiiiieiieeee ettt et e 159
10.5.2  Pin Status in STOP MOE .....oovuieeuiiiiiieieeieete ettt ettt sttt sttt esate st e esbtesaeesabeesbaesanesane 159
10.5.3  EXiting StOP MOE ....omeiiieieieiei ettt ettt et st e b st et e bt e e e st et e 160
10.6 POWET-OFf MOAE ..ottt st e b et e b e st st e s bt e sate et e sateeseenaees 161
10.6.1  Pin Handling in POWEr-Off MOE ........cccceiriiiiiiiiiiiiiieiieeitestese ettt sttt st et sre e 161
10.6.2  Entering POWEr-Off MOE .......cccooiiiiiiiiiie ettt sttt sttt 161
10.6.3  Pin Status in POWer-Off MOAE ......ccccoiiiiiiiiiiiiiiietee ettt 162
10.6.4  EXiting POWET-Off MOGE ......eoiviiiiiiiiiiiiieiie ettt ettt ettt ettt s e et esabeesbeessbeebeesanesnne 162
10.7 Reducing POWEr CONSUMPLION .....oouiiriiitiiiiitieiestieiiest ettt ettt eet et te bt este bt e eesbeeeesbeemtebesaeeneene 163
10.7.1  Voltage Detection CIICUIL ........cc.cocieviiiiiiiiiiiiierie ettt en et se et neae 163
JO.T.2 POTES oottt ettt sttt ettt et st a e eat e bt st s bt eat bt e ae bt ee ettt e bt eatenneeneenae 163
1O.7.3  CIOCKS ettt ettt ettt ettt e a bt e et e sheeb e bt em e e bt ea e e e bt et e sbeemeesa e e be s bt enbenbe e beeneenteae 163
10.7.4  Wait Mode, Stop Mode, and Power-Off Mode .........ccoceeiiiiniiniiiiiiiiiiiceeeceeetee e 163
10.7.5  Stopping Peripheral FUNCtion CIOCKS .......ccceeiiiiiiiiiiiriiiiiteienie ettt sttt see e 163
LO.706  TIIMETS .eeneieiiieeeete ettt ettt ettt ea ettt e s bt e et et e et e sb e es s e bt em e et e en e e ebe e bt ebeemeesaeemsesseemtenbeenseeseentenne 163
1077 AVD CONVETLET ..euvieiiieiieeiieeieeiite ettt sttt s e e sb e st et e sate e bt e sat e s bt e sbtesabe e baesabeeabaebeessbesabeesabesareens 164
10.7.8  Clock Synchronous Serial INtEITaACE ........cccevviieriiiiiiiiiiiiiieierie ettt sttt e 164
10.7.9  Reducing Internal Power Consumption Using VCA20 Bit ......cccccevenevenienieniiiinieieinenenieicienaens 164
10.7.10  Stopping FIash MEMOTY ........ccccoiiiiiiiiiiiiicieeeere ettt e 166
10.7.11 Low-Current-Consumption Read MOdE ..........cccevuirriiriiiiiiiniiiiieiieeieeiee ettt st 167
10.8 Notes 0N POWET CONLIOL ....c..ooiiiiiiiiiiiiieeeee ettt ettt ettt e b et be e besaeenee e 168
TO8.1  SEOP MOME ..ottt et et ettt et e 168
J0.8.2  WAIEIMOAE .ottt sttt sttt et et sa e at e b e st sae et e bt e ne s bt ees et e eae e et sueenneemnenaee 168
10.8.3  Reducing Internal Power Using VCA20 Bit ...c..cccoevievieiiiniiiiiieiencecieteeereee e 169
10.8.4  POWET-OFf MOAE ..ottt ettt ettt et s ettt e s it s bt e st e st e sbeesabesareens 169



[ (0] =703 1o o PN 170

11.1 REZISTET ittt ettt ettt et e bt e st e e bt e s et e e bt e shtesabe e atesab e e atesabeenbeesabeenbeesateensaenees 170
11.1.1  Protect Register (PRCR) .....cociiiiiiiiiiiiiee ettt sttt sttt 170

LT (01 (=T U o] £ PP UR PP OPPPPPPO 171
12.1 INEFOAUCTION ...ttt ettt ettt bt et e b et eeb e et e e s e e bt esee bt eseenbesbeembenbeensesneantenne 171
12,11 TyPES Of INLEITUPLS ..euveieiiiieiiieniiieite ettt ettt ettt et e st st e bt e sab e eabeesatesabeesbeesabesabeesabesaseens 171
12.1.2  SOftWALE INTEITUPLS ..eonviiiiiiieiiiieetesteeit ettt sttt ettt ettt et a et s bt et es e be e e e bt enneene 172
12.1.3  SPECIal INEEITUPLS ...eeeeneieiieieieiteet ettt ettt ettt et sttt et et e s bt e st e b e e e bt e st e saeemtesaeebeentesbeenteeneeneene 173
12.1.4  Peripheral Function INEITUPLS .......ccccooiiiiiiiiiiiiiniiiieienieiecteeeete et s 173
12.1.5  Interrupts and INTEITUPE VECTOTS .....cc.eevuiruieriiriiniirieieeterteeitenteeite sttt steete st este st e e st et sbe e e sbe et nae 174
12.2 REGISTEIS ...ttt et sttt b et s bt e et e e bt e e sb e eat e e bt et e eb e et e ebeenbeebeente bt e teeneenteae 176

12.2.1  Interrupt Control Register
(TREIC, S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, SITIC, S1RIC, TRAIC, TRBIC,

U2BCNIC, VCMPIIC, VCMP2IC) ..ottt ettt vttt enee e e 176
12.2.2  Interrupt Control Register (FMRDYIC, TRCIC, TRDOIC, TRD1IC, SSUIC/IICIC, TRGIC) ....... 177
12.2.3  INTi Interrupt Control Register (INTiIC) (1 = 00 7) cveeieriieiiniieieeieeeeeeie et 178
12.3 INEErruPt CONLIOL .....oouiiiiiii ittt et e s saeennene 179
12301 TFLAZ ottt ettt ettt h e bt ettt e b bt et h e e b bt et bt ea e b et be et ene 179
12.3.2 TR Bttt ettt et h et bt a e bt et h e a e h e e bt bt et e bt e be e bt en b e bt e beeneentene 179
12.3.3  Bits ILVL2 to ILVLO, IPL ..ottt sttt sttt s s 179
1234 TIEETITUPE SEQUEIICE ..eveeutiiienieriietinieeteetteat et et eteete st testesbtesbesbt e besbeeabeebt e bt sbeenaesbee bt sseeabenbeenbesbeentene 180
12.3.5  Interrupt ReSPONSE TIMIE .....co.eiiuiiiiiiiiieiieiee ettt ettt et e et e st et be b e e eae et eae 181
12.3.6  IPL Change when Interrupt Request is ACknowledged ..........cocceeviirieiniiiniiniienieeiieeeee e 181
1237 SAVING REZISIEIS ..eetiitiiiiiieieeiteteet ettt ettt et ettt eb et bt et sb et s bt esbesbe e e sbeenneene 182
12.3.8  Returning from Interrupt ROULNE .........coouiiiiiiiiiiiiiieeteee e 184
12.3.9  TNEETTUPE PLIOTIEY .eeeriieiiiiiiieiienite ettt ettt ettt sttt e st e bt e sat e e beesabesabeenbeenbeessbesnbaenanesnne 184
12.3.10 Interrupt Priority Level Selection CIrCUIt .......coccoceevierieririeninieneetecee ettt 185
12.4 INT INEEITUDE oo eeeeeee e s eesee e ees e s e s e e e s s e s e e s e s e sss s eseessse s neseeessesesenaenaeneneen 186
1241 INTIINEEITUPE (1 = 010 7) wovoveeeeeeeeeeeeeeeeeeeee e s s ne e s 186
12.4.2  INT Interrupt Input Pin Select Register (INTSR) ...cc.cooiiriiiiiiiniiniiiieienceeeee et 187
12.4.3  External Input Enable Register O (INTEN) .....cccoooiiiiiiiiiiiieeeeecee ettt 188
12.4.4  External Input Enable Register 1 (INTENT) ....cccooiiiiiiiniiiiiienieeieeeeeete ettt e 189
12.4.5  INT Input Filter Select Register O (INTE) ...c..coooiiiiiiiiiiieieeteeeeeeeeeeeee e 190
12.4.6  INT Input Filter Select Register 1 (INTF1) ....ccccoiiiiiiiiiiiiiiieiiereneeereeeeeeeeeree e 190
1247 INTIINPUE FIIET (1 = 010 7) ovoveoveieeeeeeeeeeeee e s s ne s es s 191
12.5 KeY INPUL INLEITUPE ..neiiiniiiiiiiieiteteet ettt ettt sb et et e bt b ettt e be s bt esbesbeenbesbeentene 192
12.5.1  Key Input Pin Select Register (KISR) ......cccooiririiiiiniiiiiiiiicteienesesecrceeee et 194
12.5.2  Key Input Enable Register O (KIEN) ......cooiiiiiiiiiiiiieitenieeteeteeieete ettt sttt e sne e 195
12.5.3  Key Input Enable Register 1 (KIENT) ..ccc.ooiiiiiniiiiiiiiieiieeetecetecee ettt 196
12.6 Address MatCh INTEITUPL ......c.coeeuiriiriiniiiiieieieieet ettt ettt st st sa et s esnene 197
12.6.1  Address Match Interrupt Enable Register i (AIER1) (i =0 01 1) cooevvieeiiiiiiiiiiiciceceie e 198
12.6.2  Address Match Interrupt Register i (RMADI) (i = 0 01 1) cooveviiiiiniiiinieiiieeeeeececceeeeeiee 198
12.7 Interrupts of Timer RC, Timer RD, Timer RG, Synchronous Serial Communication Unit,
I2C bus Interface, and Flash Memory (Interrupts with Multiple Interrupt Request Sources) ............... 199
12.8 INOLES ON INTEITUPLS ...eeivieniiriiiiiiieetert ettt ettt ettt sttt ettt et sae et sae e besueesnenbeennesaeennenne 201
12.8.1  Reading Address 00000R ........cceoiiiriiriniinieiteete ettt ettt bbbttt st 201
12.8.2  SP SELNE ..eeeeetieiieett ettt ettt ettt sttt e bt et esbees b e bt em b e et e ea e e e bt enteeheeneeeb e e be e bt ente bt e teeneentene 201
12.8.3  External Interrupt, Key Input INTEITUPE ...c.couieiiriiiiiiiiiiiiieceiceeteneceecereseeeteteet et 201



12.8.4  Changing INErTUPE SOUICES ....cc.eetirtieriiriieieitente ettt ettt ettt ettt et sbeeste bt e te st eabe bt e e sbeenneeae 202

12.8.5  Rewriting Interrupt Control REZISIET .........ccceiiiiiiiiiiiiiiiiiiieicrecteeee e 203
LS T | B @ o (= Y Y- T TSP PRROP 204
13.1 TRETOAUCTION ..ttt ettt et e bt sat e e e bt e st e e bt e st e eabeeabeesabeeabeesabeenseenaees 204
13.2 FUNCLIONS ..ttt st b et b et bt et e bttt s bt e be s bt esbe bt e besbeentene 205
13.3 Forced Erase FUNCHON .......cocciiiiiiiieiete ettt ettt et ettt e bt et be e be et eneene 206
13.4 Standard Serial I/O Mode Disabled FUNCLION .........coocuiiiiiiiiiiiiiiiie ettt 206
13.5 NOLES ON ID COUE ATCAS ....eouvieiiiieniirieeteriteeet ettt ettt sttt sb et st et s b ettt et ebtenbesatesbeebaenbeas 207
13.5.1  Setting Example of ID COE ATEAS ....cc.eertirieriieiieiieieeie ettt ettt sttt e et eetesae et et esee e eseeneeeae 207
14, Option FUNCHON SEIECT AFEa .....eei ittt et e e snee e e snneees 208
14.1 TRETOAUCTION ..ttt ettt et e bt sat e e b e e s at e e bt e st e eabe e b e e sabeeabeesabeeseenaees 208
14.2 REZISTETS .eeitieiteeie ettt ettt ettt ettt et e b e e st e e bt e s et e e bt e sabesabeenabesabeesatesabeenbeesabeenseesaseenseenaees 209
14.2.1  Option Function Select Register (OFS) .......cccciviiiiiiiniiiiiiiieietceteie ettt 209
14.2.2  Option Function Select Register 2 (OFS2) ......cccociiiiiiiiiiiiieeieeee et 210
14.3 Notes on Option FUNCHON SEIECT ATEA ....ccviiriieriiiiieiieeie ettt sttt sttt e saeebeenaees 211
14.3.1  Setting Example of Option Function Select Ar€a ..........ccccocveverienieiinennieneeienieeieneeiesieee e 211

L R T4 = (o] T oo T I 0 1= PO PPPPPPPRO 212
15.1 INEFOAUCTION ...ttt ettt ettt ettt s h et e bt et e eb e et e e st e bt es e et e e st embesbeentesbeensesneaneenne 212
15.2 REZISIETS .eeutieiteeit ettt ettt ettt et ettt e bt e st e e bt e s et e esbeeshte st e e abesabeessbesabeenbeesabeenbeesaseensaeaees 214
15.2.1  Processor Mode RegiSter 1 (PM1) ....cocooiiiiiiiniiiiienieicetceeeeee ettt st 214
15.2.2  Watchdog Timer Reset Register (WDTR) ...cc.oooiiiiiiiiiiiiie e 214
15.2.3  Watchdog Timer Start Register (WDTS) ...coooiiiiiiiiiiieeieeteteee ettt s 214
15.2.4  Watchdog Timer Control Register (WDTC) ......coceoviiiiiiiriiniiniieeienteteneee sttt 215
15.2.5  Count Source Protection Mode Register (CSPR) ......cccooiiiiiiiiiinieieiee et 215
15.2.6  Option Function Select RegiSter (OFS) .....c.cooiiriiiiiiiiiiiieneciiete ettt ettt e 216
15.2.7  Option Function Select Register 2 (OFS2) .....coociiiiiiiiiiiiiiiiinieeetecee ettt 217
15.3 Functional DESCIIPHION ...c.eeuiiiiriieieeetee ettt ettt et e e st sb e e e bt et ebeestenbe st e sbeeseenbeas 218
15.3.1  Common Items for MUultiple MOAES .......cccceerviiiiiiiiiiiiiiiieieeeteeieeste ettt sttt st e siae e 218
15.3.2  Count Source Protection Mode DiSabled .........c.ccoceevieiiiniiniiniiniiniiiiiieeseeeeeeseeesee e 219
15.3.3  Count Source Protection Mode Enabled .........coccoooiiiiiiiiiiiiiieeee e 220

3 T I N ISR SRP 221
16.1 OVETVIEW ..ttt ettt ettt sttt ea e e b e s bt e et e bt e et e e bt e s ab e e bt e shte s bt e s abe e bt e s st e eabeeabeesabeeabeesabeenseenaees 221
16.2 REZISTETS .ttt ettt ettt ettt ettt et e b e st e e bt e s et e e beesatesabeesabe s beesabesabeenbeesabeenbeesabeensaeaees 222
16.2.1 DTC Control Register j (DTCCRJ) (j =010 23) .eueiiuiiieiiieieieeeeeee ettt 223
16.2.2  DTC Block Size Register j (DTBLS)) (j = 00 23) 1ueioiiiiieieieieeieeeee et 223
16.2.3  DTC Transfer Count Register j (DTCCT]) (G =010 23) couveriiiiriieiienieeieeriieeieeee st 224
16.2.4  DTC Transfer Count Reload Register j (DTRLDj) (=010 23) .ccvovieiiinieiiieeeeeeee e 224
16.2.5 DTC Source Address Register j (DTSAR]) (j =010 23) ..eoiioiieiiiiiiiiieeeeeee e 224
16.2.6  DTC Destination Address Register j (DTDAR]) (j =010 23) cveeiiiiiiieiiiiieeeeeeeitereeeie et 224
16.2.7 DTC Activation Enable Register i (DTCENi) (1 = 0 £0 6) ...ooeeiiiiiieiiieieieeieiteeere e 225
16.2.8  DTC Activation Control Register (DTCTL) .....coceiiiiiriiiiiiiniieieeieeeetc ettt 226
16.3 FUNCHON DESCIIPLION ...eeiiiiiiieiiiieieeitie ettt sttt ettt sat e et e s bt e st e e sbeesabeeabeessaeesbeenseesabeensaenanes 227
L0.3.1  OVEIVIEW ntiiiiii ettt ettt ettt ettt et s h et e e bt et sh e es b e e bt em b e e bt em et eb e e teeheemtesatenbesbeemtenbeenbeeneentene 227
16.3.2  ACHVALION SOUICES ..uveeruiiriieeiieniieeiteeiteettestteeteesbeeeabeeabeesateeabeesatesabeesbtesateeabeesatesabeesatessbesabeesasesaseens 227
16.3.3  Control Data Allocation and DTC Vector Table ..........cccoccevirviiniriiininiieninieneeieeeeeneeeeseeeee e 229

A-6



16.3.4  NOIMAL IMOAE ...t eet e e e e ettt e e e eeaaa e e e e s enaaaaeeeeeenaaaeeeesensaareeessenaareeeeas 234

16.3.5  REPEAt MOAE ...ttt et st st et 235
16.3.6  Chain TIanSTEIS .....oouiiiiiiiiiieriieice ettt ettt et st a e st eaeesb et sbe e naee 236
16.3.7  TNLETITUPE SOUICES ...eeveeuiirieeieitieteritete ettt et et e e sb et she et esbt et e eb e ea bt eb e e bt ebeenaesbeenbesbeeabenbeenbesbeennene 236
16.3.8  Operation TIMINES .....ccccocieriiiiiiiiieieeictee ettt ettt ae e e e e ne e e ennene 237
16.3.9  Number of DTC EXECULION CYCLES ....veevuiiriiiriiiiieiiieiteniieeite st ete ettt sieesree st e sabeesbeesibeesbeesanesnne 238
16.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags .......c..ccocevveeveniniiinennicnens 239
16.4 INOLES ON DITIC ..ttt ettt e et e ettt e st e e e tb e e ssbeeesbeaeansaeesssseesssseeenssaesnssaeensseannsseeennnnens 240
16.4.1  DTC QCHVALION SOUICTE ....eeviruriiiriietieitenteeitenieetesieettenteeetenteeuseteeseesseeseesneestesseemsensesssensenseensensesneenses 240
16.4.2  DTCENI (i = 010 6) REZISIETS ...eeiiriieiiiiiiiiniieitirieetentcete sttt ettt ettt s ettt et eae 240
16.4.3  Peripheral MOAUIES .......cc.cccooiiiiiiiiiiiiece ettt e st et 240
16.4.4  TNLETTUPL REQUESE ..eovtieiiiiiiiiiieiieeie ettt ettt ettt s bttt e st e et esbtesbeesbeesateesseesabeenbeenseesssessaenanesnne 240
L 0 0T T PSP UT U PPTPRPPROP 241
L= TR 110 =Y S SS 243
18.1 03T (04 10116 Lo o USSR 243
18.2 REZISIETS .veeitieiteett ettt ettt et ettt e bt e st e et e s et e e bt e shbesabeesabesabeesstesabeenbeesabeenseesaseenseeaees 244
18.2.1  Timer RA Control Register (TRACR) .....ccociiiiriiiiiiieteeeecee ettt 244
18.2.2  Timer RA I/O Control Register (TRAIOC) ......ccoouiiiiiiiiiiiieieeeeieetec ettt 244
18.2.3  Timer RA Mode Register (TRAMRY) .......ooiiiiiiiiiiiiieiteie ettt ettt et e sne e 245
18.2.4  Timer RA Prescaler Register (TRAPRE) .....ccooiiiiiiiiiie ettt 245
18.2.5  Timer RA Re@IStEr (TRA) .oouieiiiiieeeeet ettt ettt st ettt et et st esabesaree s 246
18.2.6  Timer RA Pin Select Register (TRASR) ....coooiiiiiiiiiiieeetee ettt e 246
18.3 TIMET IMOAE ...oeeiieiiieiiiieieeeite ettt ettt e et et e s be e bt e s tbeesbe e seeesbeesseessseessaassseesaessseenseesseeassaenseessseenseensens 247
18.3.1  Timer RA I/O Control Register (TRAIOC) in Timer Mode .........cccceeviiriinniiniiniiinieneceeeseeneen 247
18.3.2  Timer Write Control during Count OPEration ...........ceceeceeroieerieerierrieeneenteerieeseeeseesseesseesseessnesnne 248
18.4 Pulse Output MOAE ........cocoiiiiiiiiiii et 249
18.4.1  Timer RA I/O Control Register (TRAIOC) in Pulse Output Mode ...........ccceceevieiininiencniienieneens 250
18.5 EVvent Counter MOGE ......cccociriiiiiniiiinieitcieet ettt sttt ettt ettt st saesaeesbesaaesnesbeenesaeennene 251
18.5.1  Timer RA I/O Control Register (TRAIOC) in Event Counter Mode ...........ccccoveeienieiienieienceienne 252
18.6 Pulse Width Measurement MOAE .........c.ccoccueieriieeioiieeeiieeriee et e e see e e eeesereesseaeeessreeesseeesnseeeensseesnnnens 253
18.6.1  Timer RA I/O Control Register (TRAIOC) in Pulse Width Measurement Mode .........cc..ccccecueuenee 254
18.6.2  Operating EXAMPIE .......oocioiiiiiiiiiieie ettt ettt et e et e st et b e e e ne et eae 255
18.7 Pulse Period Measurement MOAE .........c..coccuiieriiiieiiieeieeesieeeteeesreeeseree e eeseeesaeeesseeessaeesnseeeensseesnnnens 256
18.7.1  Timer RA I/O Control Register (TRAIOC) in Pulse Period Measurement Mode ........cc..ccccecueuenee 257
18.7.2  Operating EXAMPIE .......coioiiiiiiiiiieieeeee ettt ettt be et b e e be et e 258
18.8 NOLES 0N TIMET RA ..ot e e tee et e e et e e e aeeesteeeessbeessseeessseessssesensseaesnsseennsns 259
LS TR 10 =T = U RRP 260
19.1 INEFOAUCTION ettt ettt sttt sb ettt et eae et saeesaesbeeanesbeennesaeenneane 260
19.2 REZISTEIS ..ottt et ettt b et e b et sb e ea bt bt et e sbe et e s bt e be s bt eab e bt et e sbeentene 261
19.2.1  Timer RB Control Register (TRBCR) ......cccooiiiiiiiiiiie ettt 261
19.2.2  Timer RB One-Shot Control Register (TRBOCR) ........cccceeviiiiiiiiiiiiiiiecieetenee e 261
19.2.3  Timer RB I/O Control Register (TRBIOC) ........ccocoriiriiiiiiniiiiiicinteieeeecstese ettt 262
19.2.4  Timer RB Mode Register (TRBMR) ......c.cooiiiiiiiiiiieeee ettt 262
19.2.5 Timer RB Prescaler Register (TRBPRE) .........cccoiiiiiiiiiiiiiieceete ettt 263
19.2.6  Timer RB Secondary Register (TRBSC) .....coccoriiiiniiiiiiiiieieieeeteeee ettt 263
19.2.7  Timer RB Primary Register (TRBPR) ......c.ccccooiiiiiiiiiiiiieerccereeeeeeec e 264



19.2.8  Timer RB/RC Pin Select Register (TRBRCSR) ....cccueiiiiiiiiiiiiiiiiiieeteneec ettt 264

19.3 TIMET MOAE ...ttt ettt b et e bt e bt e sa bt e e bt e s abe e ebee st e eabe e beesabeeabeesabeebeenaees 265
19.3.1  Timer RB I/O Control Register (TRBIOC) in Timer Mode .......cc.cceevuervieriierieniieiienieeiee e 265
19.3.2  Timer Write Control during Count OPEration ...........ccocceceeruerierieriierienienieneenieneenieseesesseesieseeneenne 266

194 Programmable Waveform Generation Mode ...........cccooceeviiiiiiiiiiiiiiieienieeeeeeeeeie e 268
19.4.1  Timer RB I/O Control Register (TRBIOC) in Programmable Waveform Generation Mode .......... 269
19.4.2  Operating EXAMPIE ....cc.oocieriiiiiiiiiieiiiicete ettt sttt ettt sttt et ettt 270

19.5 Programmable One-shot Generation MOde .............cocoeouiiiiiiinieiiniinieeeeceeeeee e 271
19.5.1  Timer RB I/O Control Register (TRBIOC) in Programmable One-Shot Generation Mode ............ 272
19.5.2  Operating EXAMPIE ....cc.oociiriiiiiiiiiiiiicete ettt ettt sttt et eae 273
19.5.3  One-Shot TrigZer SEIECTION ....cc.cccueruiiiiieiiiiiiieie ettt ettt st 274

19.6 Programmable Wait One-Shot Generation MOde ..........ccccevieriiiniiiniieiiienieeieetesie ettt 275
19.6.1  Timer RB I/O Control Register (TRBIOC) in Programmable Wait One-Shot Generation Mode ... 276
19.6.2  Operating EXAMPIE .......cocooiiiiiiiiiiiiiiiicie et et s 277

19.7 Notes 0n TIMET RB .....oo.coiiiiiiiiii ettt ettt sttt saeesneae 278
19.7.1  TIMEI MOGE ..viiiiiiiiiicicecec ettt st st st ettt sa b nens 278
19.7.2  Programmable Waveform Generation Mode ...........cc.cocoeeirieniiiiiiiiniiiinieieeeeeeere e 278
19.7.3  Programmable One-Shot Generation MOAE ..........coceevieriiiniieniieniiienienie ettt eae e 279
19.7.4  Programmable Wait One-shot Generation MOde ..........ccccceveririeniiniineniieiinieeseenee e 279

P20 R T2 3T TSRS 280

20.1 INEFOAUCTION ...ntiiiitiee ettt ettt ettt s h et e b et eb e n e e st e bt ebeebeeaeenbesbeenteeseensesneaneenne 280

20.2 REZISIETS .eeitieiteeie ettt ettt ettt ettt e et e b e e st e e bt e s et e enbeesabesabeesabesabeesabesabeenbeesabeenseesaseensaenees 282
20.2.1  Module Standby Control Register (MSTCR) ....cccccouiriiriiiiiniiiiiniieeeeeteeeeseee e 283
20.2.2  Timer RC Mode Register (TRCMR) .......cooiiiiiiiiiieeee e 284
20.2.3  Timer RC Control Register 1 (TRCCR1) ....cociiriiiiiiiiieeiieieeeetese ettt 285
20.2.4  Timer RC Interrupt Enable Register (TRCIER) ....c...cccooceeviiriiiiiniiniiiicneeeeeeceteseeeeeeeee e 285
20.2.5 Timer RC Status Register (TRCSR) ....cc.ooiiiiiiiiie et 286
20.2.6  Timer RC I/O Control Register 0 (TRCIORO) .....ccocuiiiiiiiiiiiiiiieiiteteeieeieete ettt 287
20.2.7  Timer RC I/O Control Register 1 (TRCIOR) ...ccccooiiiiiiiniiiiiiiniineetecetnecteeeeeeteeee e 287
20.2.8  Timer RC Counter (TRC) ......ooiiiiiiieiie ettt e et e e et e e e e ate e eeaaee e eaeaeeveaeenes 288
20.2.9  Timer RC General Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC, TRCGRD) .......... 288
20.2.10 Timer RC Control Register 2 (TRCCR2) ....cc.coeriiiriiiiiniieiinieeteneee ettt 289
20.2.11 Timer RC Digital Filter Function Select Register (TRCDF) .........cccoceveniviiiinnnininenineneneneeee 290
20.2.12 Timer RC Output Master Enable Register (TRCOER) .......ccccoccevviiniiiniiiiiiiieniecieeeenie e 291
20.2.13 Timer RC Trigger Control Register (TRCADCR) ......ccoceoviiririiniiiininieecteeeeeeeeseeee e 291
20.2.14 Timer RB/RC Pin Select Register (TRBRCSR) ....cc.ooiiiiiiiiiiieieeeeeee e 292
20.2.15 Timer RC Pin Select Register 0 (TRCPSRO) ...cccuooiiiiiiiiiiiiiieiienieeteste ettt 293
20.2.16 Timer RC Pin Select Register 1 (TRCPSRI1) .cc.coiiiiiiiiiiiiiiiiecccceeecee et 294

20.3 Common Items for Multiple MOGES ........ceeveruiriiriinieniiiiiiieieiresestereteeeet et s eve s 295
20.3.1  COUNE SOUICE ..uveeriniieiiitieitenttete ettt sttt sttt ettt s bt ettt et e saeest e s bt eseesaeesne bt eene bt easennesaeeaesueennesneenaee 295
20.3.2  BUFEr OPEIAtION ...c.eouieiiiiiiiiiiiiieitieteeitet ettt ettt et ettt st s eb e be st e bt eat e b e st e saeeneesbeeneenaee 296
20.3.3  DiIGILAL FIIEET ..oueoniiiiiiiiiiiieiieseeec ettt s sttt et s e s e eae 298
20.3.4  Forced Cutoff Of PUISE OULPUL ....oocviiriiiiieiieeieeiee ettt ettt et sttt et e st e e bt e satesabesbaesaneenne 299

20.4 Timer Mode (Input Capture FUNCLION) .......coceriiiiiiiiriiniiiiiieteneetet ettt s 301
20.4.1  Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Input Capture Function) ............... 303
20.4.2  Timer RC I/O Control Register 1 (TRCIOR1) in Timer Mode (Input Capture Function) ............... 304
20.4.3  Operating EXAMPIE ......cccooviiiiiriiiiiiiiiicetee ettt sttt sttt st et 305

20.5 Timer Mode (Output Compare FUNCHOMN) ......oouiiiiiiirieiieienerese et 306



20.5.1  Timer RC Control Register 1 (TRCCR1) in Timer Mode (Output Compare Function) .................. 308

20.5.2  Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Output Compare Function) .......... 309
20.5.3  Timer RC I/O Control Register 1 (TRCIOR1) in Timer Mode (Output Compare Function) .......... 310
20.5.4  Timer RC Control Register 2 (TRCCR?2) in Timer Mode (Output Compare Function) .................. 311
20.5.5  Operating EXamPIE ......cccoccuiiiiiiiiiiiiiiee ettt s e 312
20.5.6  Changing Output Pins in Registers TRCGRC and TRCGRD .........cccccovviiiiiiininniiienienienieenieeieene 313
20.6 PWIM MOGE ..ottt ettt et e st e et e s et e e b e e ssbesabeesaesaseessaassseessaeesseenseesnsesnseennees 315
20.6.1  Timer RC Control Register 1 (TRCCR1) in PWM MoOde ........cccooiiriiiniiniiiiiinieiieetenie et 317
20.6.2  Timer RC Control Register 2 (TRCCR2) in PWM MOdEe .......ccccoviiriiiniiniiiiienieeiieneenie e 318
20.6.3  Operating EXAMPIE ......cccoooiiiiiiiiiiiiiiieeteie ettt ettt sttt 319
20.7 TV 12201 o a1 OSSP 321
20.7.1  Timer RC Control Register 1 (TRCCR1) in PWM2 MoOdE ........coccteriiiniiniiiiienieeieeneenie e 323
20.7.2  Timer RC Control Register 2 (TRCCR2) in PWM2 MoOde ........ccccovireeiininrieniieienieieneeeeceee e 324
20.7.3  Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode ...........ccccecueevieiennne. 325
20.7.4  Operating EXAMPIE .......coeciiiiiiiriiiiieiieeie ettt ettt ettt et e stt e e bt e satesteebtesabeebeessaenabesbaesnnennne 326
20.8 TIMET RC INLEITUPE .nviiiiniiiiiiieiiteteetet ettt sttt sttt et eb et s e bt s bt esbe bt e e sbeennene 329
20.9 NOLES 0N TIMET RO ..ottt tee et e ettt e e e te e e st eeessbeessseeesseessssesensseaesnsseennsns 330
20.9.1  TREC REZISLET ..eeeuvieiieiiiiiieiiieeiteeteettesite et et esite e bt e s teeabeesuteeabeesteesabeeseesateenbeesatesnseensaenssesnsaensnesnse 330
20.9.2  TRECSR REZISIET ..euveeuiiiieiiiniietieieete sttt sttt ettt ettt ettt e et bt et s bt e b sbt et b et e saeeaeesbeenaenaee 330
O G T N 0 S 2T 1 1< TSP 330
20.9.4  Count SOUICE SWILCHINZ ...cooiuiiriiiiiiiiierie ettt ettt sb et e st e e bt et e sabeesaeesabeessaesasesbaesasesnne 330
20.9.5  Input Capture FUNCHON ......cccociviiiiriiriiiiieieieietnteet ettt ettt sttt sttt st s s eneae 331
20.9.6 TRCMR Register in PWM2 MOAE .......occoiiiiiiiiiieiiciesieeieeeeee ettt sttt eee e 331
2 T 11421 {5 PR 332
21.1 TRETOAUCTION ..ttt ettt et ettt et e s bt e bt e set e e bt e sabeeabeesabesabeenbeesabesnseesaseensaenees 332
21.2 Common Items for Multiple MOES .......cc.cocuereiriiriiiiiniiieieeienieee ettt 334
21.2.1  COUNE SOUICES ...uuveeeeuiieeeiiieeetteeeiteeetteeetteeanttee e ateeeaaseeessseeeaastessnseeeansaeeaanseesasseesasseesasseesanseeesnseesnnes 334
21.2.2  BUTFTET OPETALION ..eoutiiiiiiiieeiiieiieeiee sttt ettt et te sttt estt e e bt e s et e eabeesaeeesbeebeesabeesaeesaseensaenasesbaessnennne 335
21.2.3  Synchronous OPEIAtION .......c.cccoeeieriirieriertenienterieeiteteettenteett et eteestesbteaesbeestesbtesbesbaestesaeeneesseeneenaes 337
21.2.4  Pulse Output FOrced CUtOff ..........cooiiiiiiiiiieiieeeee ettt sttt e 338
21.3 INPUt Capture FUNCHOM ...covuviiiieiieeiieetecee ettt ettt et s e e sbe e st e esbeesaaeesbeebeesateensaeaees 340
21.3.1  Module Standby Control Register (MSTCR) ....cccccoiiiiriiiiiniiiieniiiecreeeteeeeee e 342
21.3.2  Timer RD Control Expansion Register (TRDECR) ........ccccoooiiiiiiiiiiiiiiieeeeeeseee e 342
21.3.3  Timer RD Start Register (TRDSTR) for Input Capture FUnction ............cocceevvveevivenieniienieeneenneennne 343
21.3.4  Timer RD Mode Register (TRDMR) for Input Capture FUnction ...........coccevevvevienienenienencennenne. 343
21.3.5 Timer RD PWM Mode Register (TRDPMR) for Input Capture Function ..........c..ccceveeeenvniennene. 344
21.3.6  Timer RD Function Control Register (TRDFCR) for Input Capture Function ..........ccccceeeververuenne 344
21.3.7  Timer RD Digital Filter Function Select Register i (TRDDFi) (i=0or 1)
for Input Capture FUNCHON .....coeoiiiiiiiiiiiiiiee ettt e 345
21.3.8  Timer RD Control Register i (TRDCRi) (i = 0 or 1) for Input Capture Function .........c.cccceveeneenne. 346
21.3.9  Timer RD I/O Control Register Ai (TRDIORAI) (i =0 or 1) for Input Capture Function .............. 347
21.3.10 Timer RD I/O Control Register Ci (TRDIORCi) (i = 0 or 1) for Input Capture Function ............... 348
21.3.11 Timer RD Status Register i (TRDSRi) (i = 0 or 1) for Input Capture Function .........c..cccceeeuenenne. 349
21.3.12 Timer RD Interrupt Enable Register i (TRDIERI) (i = 0 or 1) for Input Capture Function ............. 350
21.3.13 Timer RD Counter i (TRDi) (i = 0 or 1) for Input Capture Function ...........c.cceecereevenenvienenuencnes 350
21.3.14 Timer RD General Registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBi, TRDGRCi, TRDGRD:1)
(1 =0 or 1) for Input Capture FUNCLION .........cccciiiiiiiiiiiiiieie et e s 351
21.3.15 Timer RD Pin Select Register O (TRDPSRO) ...cc.coiiiiiiiiiiiiiieeiieieeeeeee ettt 352

A-9



21.3.16 Timer RD Pin Select Register 1 (TRDPSR1) .c..cocoiiiiiiiiiiiiiieeecceeteseee e 353
21.3.17 Operating EXamPIE ......cccocoiiiiiiiiiiiiiie ettt ettt 354
21.3.18  DiIGIAl FIIEET «..ouvveniiiiiiiiieieetetete ettt ettt e st sttt sae et ne e naee 355
21.4 Output Compare FUNCHION ....coouiiiiiiiiiieiicieeet ettt sttt ettt ettt st sbe s et see e e 356
21.4.1  Module Standby Control Register (IMSTCR) .....c.cccieiiiiiiiiiiiiiiieeceeceeeee e 358
21.4.2  Timer RD Control Expansion Register (TRDECR) ......cccccocviiiiiiiiiiniiiiiiiecieeteeiteteeie e 359
21.43  Timer RD Trigger Control Register (TRDADCR) ....c..coceeviiriiiiiniiiiiieieneeeseeeeeee e 359
21.4.4  Timer RD Start Register (TRDSTR) for Output Compare Function ..........ccccceeevueeeecenieneneenncnne. 360
21.4.5 Timer RD Mode Register (TRDMR) for Output Compare FUunction ...........cceceeveevenienienseeneennieenns 361
21.4.6  Timer RD PWM Mode Register (TRDPMR) for Output Compare Function ........c..ccccceceeveeeenncnne. 361
21.477  Timer RD Function Control Register (TRDFCR) for Output Compare Function ..............ccc....... 362
21.4.8  Timer RD Output Master Enable Register | (TRDOERI1) for Output Compare Function .............. 363
21.49  Timer RD Output Master Enable Register 2 (TRDOER?2) for Output Compare Function .............. 363
21.4.10 Timer RD Output Control Register (TRDOCR) for Output Compare Function ...........ccccceeeeennenee. 364
21.4.11 Timer RD Control Register i (TRDCRIi) (i = 0 or 1) for Output Compare Function ............ccee... 365
21.4.12 Timer RD I/O Control Register Ai (TRDIORAI) (i = 0 or 1) for Output Compare Function .......... 366
21.4.13 Timer RD I/O Control Register Ci (TRDIORC:i) (i =0 or 1) for Output Compare Function .......... 367
21.4.14 Timer RD Status Register i (TRDSRi) (i = 0 or 1) for Output Compare Function .............cccceenueenn. 368
21.4.15 Timer RD Interrupt Enable Register i (TRDIERI) (i = 0 or 1) for Output Compare Function ........ 369
21.4.16 Timer RD Counter i (TRD1i) (i =0 or 1) for Output Compare Function ...........ccccevueevuenreenienneene 369
21.4.17 Timer RD General Registers Ai, Bi, Ci, and Di (TRDGRAi, TRDGRBi, TRDGRCi, TRDGRD:)
(i=0or 1) for Output Compare FUNCHON .......ccccueeriiriiiiiiiinieeiienieeie ettt ettt sinesne e 370
21.4.18 Timer RD Pin Select Register O (TRDPSRO) ....cccooiiiiiiiieiie e 371
21.4.19 Timer RD Pin Select Register 1 (TRDPSR1) ..cocuiiiiiiiiiiiiiieetete ettt 372
21.4.20  Operating EXAMPIE .....c.coviiiiiiiniiiiieiieeieeitte sttt sttt ettt et e sttt e bt e steesateesatesaseebeessaesasesbaennnesnne 373
21.4.21 Changing Output Pins in Registers TRDGRCi (i = 0 or 1) and TRDGRDI .......ccceeieviinienirncenennne. 374
21.4.22  A/D Trigger GENETALION ......cceecuieuieiiriieiieiieie ettt ettt et ete ettt eae st esne s e enesreessesseenesseennesneennenaee 376
21.5 PWM MOGE ..ottt ettt st ettt et e b et sae et s bt e besaeesnesbeenesaeenneane 377
21.5.1  Module Standby Control Register (MSTCR) ......ccccueviiiiiininirineneteecereceeee e 379
21.5.2  Timer RD Control Expansion Register (TRDECR) .........ccccoceiiiiiiiiniiiiiieniceeeeeceeeeee e 380
21.5.3  Timer RD Trigger Control Register (TRDADCR) ......cccocuiiiiiiiiiiiiinieeteree ettt 380
21.5.4  Timer RD Start Register (TRDSTR) in PWM Mode ........ccoociriiiiiiiiiiiiiieeeeeeeeee e 381
21.5.5 Timer RD Mode Register (TRDMR) in PWM MOdE .........cocceeviiiriimiiiniiiienieeieeieeieeseeeieesieens 381
21.5.6  Timer RD PWM Mode Register (TRDPMR) in PWM MoOdE ........ccoceeviiniiiiniieniieiienieeieesieeeeene 382
21.5.7  Timer RD Function Control Register (TRDFCR) in PWM Mode .......cccccoceiiiieiinieninieceeeee 382
21.5.8  Timer RD Output Master Enable Register 1 (TRDOER1) in PWM Mode .........ccccceiiniininnnnnnne 383
21.5.9  Timer RD Output Master Enable Register 2 (TRDOER2) in PWM Mode .......cccccocueeiirniiniennnens 383
21.5.10 Timer RD Output Control Register (TRDOCR) in PWM Mode .........cccoceriiriiieniinienenieeeieee 384
21.5.11 Timer RD Control Register i (TRDCRi) i=0o0r 1) in PWM Mode ......cccceeviirniiniiiiniiniiiiieeene 384
21.5.12 Timer RD Status Register i (TRDSRi) i=0o0r 1) in PWM Mode .......cccoeemrieriiiinieniinieenieeieene 385
21.5.13 Timer RD Interrupt Enable Register i (TRDIERIi) (i =0 or 1) in PWM Mode ......c.cccccevierrriannnne. 386
21.5.14 Timer RD PWM Mode Output Level Control Register i (TRDPOCRi) (i =0 or 1)
I PWIM MOGE ...ttt s bbbttt et ebe b b ne s e 386
21.5.15 Timer RD Counteri (TRDi) i=00r 1) in PWM MOAE .......ccooviiriiiiiiiiiiiee e 387
21.5.16 Timer RD General Registers Ai, Bi, Ci, and Di (TRDGRAi, TRDGRBi, TRDGRCi, TRDGRD:1)
A=00r 1) IN PWM MOGE ....coiuiiiiiiiiiieeiee ettt ettt sttt ettt st et e ae et st nae bt enee b s 388
21.5.17 Timer RD Pin Select Register O (TRDPSRO) ...cc.cooiiiiiiiiiiiiiieeeete ettt 389
21.5.18 Timer RD Pin Select Register 1 (TRDPSR1) ..coccuiiiiiiriiiiiiiiieeeeeete ettt 390
21.5.19  Operating EXAMPIE ......ccooiiiiiriiiiiiiiiiiiciete sttt et sttt st e e 391



21.5.20  A/D TriEEr GENEIATION ...c..evueeiiriieiirieeterttete st et st et este et eteestesbee et sbeestesbeesesbeenbesbeetesbeeneesbeeneenues 393
21.6 Reset Synchronous PWM MOdE ........cccoooiiiiiiiiiiiniiiiieceetcie ettt 394
21.6.1  Module Standby Control Register (MSTCR) ...cccovvuiiriiiiiiiieiiectee ettt 396
21.6.2  Timer RD Control Expansion Register (TRDECR) ........ccccoociriiniiiiniiiiniiieneciceeeeeeeeeeee e 397
21.6.3  Timer RD Trigger Control Register (TRDADCR) .......cccociriiiiiniiiiiieeneeeneeeeeeeeeeee e 397
21.6.4  Timer RD Start Register (TRDSTR) in Reset Synchronous PWM Mode ..........ccccocveveniininienncne. 398
21.6.5 Timer RD Mode Register (TRDMR) in Reset Synchronous PWM Mode ..........ccccocvevieneeninienncnne. 398
21.6.6  Timer RD Function Control Register (TRDFCR) in Reset Synchronous PWM Mode ................... 399
21.6.7  Timer RD Output Master Enable Register 1 (TRDOERI1) in Reset Synchronous PWM Mode ...... 400
21.6.8  Timer RD Output Master Enable Register 2 (TRDOER?2) in Reset Synchronous PWM Mode ...... 400
21.6.9  Timer RD Control Register 0 (TRDCRO) in Reset Synchronous PWM Mode ..........cccceceeerieiennne 401
21.6.10 Timer RD Status Register i (TRDSRi) (i = 0 or 1) in Reset Synchronous PWM Mode .................. 402
21.6.11 Timer RD Interrupt Enable Register i (TRDIERI) (i = 0 or 1) in Reset Synchronous PWM Mode 403
21.6.12 Timer RD Counter O (TRDO) in Reset Synchronous PWM Mode ...........cooceeeieiieinienienneenienieens 403
21.6.13 Timer RD General Registers Ai, Bi, Ci, and Di (TRDGRAi, TRDGRBi, TRDGRCi, TRDGRD:)
(i=0or 1) in Reset Synchronous PWIM MOdE ........ccccceruiiriiiiniiniieniieniieiteeieeite st 404
21.6.14 Timer RD Pin Select Register 0 (TRDPSRO) ....cccooiiiiiiiiiiiniiieeeeeeeeeeseeee e 405
21.6.15 Timer RD Pin Select Register 1 (TRDPSR1) ..cocuiiiiiiiiiiiiiieectceeete et 406
21.6.16  Operating EXAMPIE .....cccovciiiiiiiriiiiieiieeie ettt ettt ettt sttt e st e e bt e sbe e sbeeatesaseebtessaesasesbaesanesnne 407
21.6.17  A/D TriEEr GENEIATION ...c.vevueeiiriiiiiriieteniteiesitete ettt ete et sbeestesbee et sbeesaesbeetesbeeabesbaetesaeeneesbeeneenaee 408
21.7 Complementary PWIM MOAE .......c..cooiiiiiiiiiiiiiiceee et 409
21.7.1  Module Standby Control Register (MSTCR) ....ccccovuiiriiiiiiiienieetee ettt 411
21.7.2  Timer RD Control Expansion Register (TRDECR) .......cccccooiiiiiiiiiiiiiiiiee e 411
21.7.3  Timer RD Trigger Control Register (TRDADCR) in Complementary PWM Mode ....................... 412
21.7.4  Timer RD Start Register (TRDSTR) in Complementary PWM Mode .........ccccevceeviienienciiinieneennne 413
21.7.5 Timer RD Mode Register (TRDMR) in Complementary PWM Mode ........c.ccooverivienenienenienee. 413
21.7.6  Timer RD Function Control Register (TRDFCR) in Complementary PWM Mode ........................ 414
2177  Timer RD Output Master Enable Register | (TRDOERI1) in Complementary PWM Mode ........... 415
21.7.8  Timer RD Output Master Enable Register 2 (TRDOER?2) in Complementary PWM Mode ........... 415
21.7.9  Timer RD Control Register i (TRDCRi) (i = 0 or 1) in Complementary PWM Mode .................... 416
21.7.10 Timer RD Status Register i (TRDSRi) (i = 0 or 1) in Complementary PWM Mode .............ccc..... 417
21.7.11 Timer RD Interrupt Enable Register i (TRDIERI) (i = 0 or 1) in Complementary PWM Mode ..... 418
21.7.12 Timer RD Counter 0 (TRDO) in Complementary PWM Mode ...........cccevieiininiininiinicieeee 418
21.7.13 Timer RD Counter 1 (TRD1) in Complementary PWM Mode ...........ccoceevviiiniieniiinniienienieenieneeenne 419
21.7.14 Timer RD General Registers Ai, Bi, C1, and Di (TRDGRAIi, TRDGRBi, TRDGRC1, TRDGRD:1)
(i=0o0r 1) in Complementary PWM MO ......c.ccceceririmimiiniiniiieieinietneeese ettt 419
21.7.15 Timer RD Pin Select Register O (TRDPSRO) ...cc.cooiiiiiiiiiiiiieieeecte ettt 421
21.7.16 Timer RD Pin Select Register 1 (TRDPSR1) ..ccccuooiiiiiiiiiiiieeiieeeeeeete ettt 422
21.7.17 Operating EXAMPIE ......ccooouiiiiiiiiiei ettt ettt ettt s ae et st 423
21.7.18 Transfer Timing from Buffer REGISer .........ccccociiiiiiiiiiiiii e 425
21.7.19  A/D TriEET GENETALION ..u.eiruvieiieriiieiieeieeteesiteeteestteeteeteesteebeesbtesbeesbeesaseesseesaseenbeessaenssessaesnsesnse 425
21.8 PWM3 MOGE ..ottt ettt sttt sttt et ebt bt s et sae et eneenes 426
21.8.1  Module Standby Control Register (IMSTCR) .....cccccieiiiiiiiiiiiiieiceeeeeeeee e 428
21.8.2  Timer RD Control Expansion Register (TRDECR) ......cccccooviiiiiiiiiiniiiiiiecieeteeteeeeie e 428
21.8.3  Timer RD Trigger Control Register (TRDADCR) ....ccccceeuririmininininenicieieieeeteeeeevese e 429
21.8.4  Timer RD Start Register (TRDSTR) in PWM3 MOdE ......coccieiiiiiiiiniiiiiiiiitetceeeteee et 430
21.8.5 Timer RD Mode Register (TRDMR) in PWM3 MOdE .......cccceeviiriirniiniiiiieiieeieeiieeteeie e 430
21.8.6  Timer RD Function Control Register (TRDFCR) in PWM3 Mode .........ccceveiieiiinieiinieiieceee 431
21.87  Timer RD Output Master Enable Register 1 (TRDOER1) in PWM3 Mode .........cccccceveiinienennenne 432

A-11



21.8.8  Timer RD Output Master Enable Register 2 (TRDOER2) in PWM3 Mode ..........ccocevieienienienncnne 432
21.8.9  Timer RD Output Control Register (TRDOCR) in PWM3 Mode .........cccceciriririniniininieieienee 433
21.8.10 Timer RD Control Register 0 (TRDCRO) in PWM3 Mode ........coocuerviieniiiiiiiienieeniieeieeiee e 434
21.8.11 Timer RD Status Register i (TRDSRi) (i=0o0r 1) in PWM3 Mode .....c..cccererienenieniniininienee 435
21.8.12 Timer RD Interrupt Enable Register i (TRDIERI) (i =0 or 1) in PWM3 Mode ........cccccevvvrienaeenns 436
21.8.13 Timer RD Counter O (TRDO) in PWM3 MOAE ......ovveevieeiiiiieeeeirieeeeeeeieeee ettt eeeveee e e eenveee e 436
21.8.14 Timer RD General Registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBi, TRDGRCi, TRDGRD:1)
A=00r 1) iN PWM3 MOUE ...c..eoiiiiiiiiiiiieieniteteetett ettt sttt sttt s b esae b 437
21.8.15 Timer RD Pin Select Register O (TRDPSRO) ...cc.coiiiiiiiiiiiiiiieeeeeee ettt 439
21.8.16 Timer RD Pin Select Register 1 (TRDPSR1) ..ccouiiiiiiiiiiiiiiiciieteeeeete ettt 440
21.8.17 Operating EXAMPIE ......cocoeviiiiiiiiiiiiiiieeetei ettt ettt et sttt st e 441
21.8.18  A/D TriggEr GENEIALION ......ccueeiieuieiiriieieiiteie st et et ettt e et et et et eee st esne s e eaesreessesseenesaeennesneennenaee 442
21.9 TImMer RD INEEITUPL ..ovviiiiiiiiieiieeie ettt ettt ettt et et s e e sbe e st e esbeessaesabeenteesabeensaenanes 443
21.10  Notes on Timer RD ...coc.ooiiiiiiiiiiiieee ettt ettt sb ettt sttt sbe et eae 445
21.10.1 TRDSTR REZISIET ...eeuieuieiieiieiieiieieeie st eteste st et et e e estesteesteseeneesseeseeseeneesesseenseesaensesseensesneenseses 445
21.10.2 TRDIi ReISIET (1 = 0 OF 1) .eeoruiieiiiiiinieeieesiie ettt sttt sttt st et esbt e st e e satesateenbaessaesateebaesanesnne 445
21.10.3 TRDSRI ReISLEr (1 = 0 OF 1) .eetiriiiiiiiiiiieiieieeteteettee ettt sttt st sttt et sae et be e 445
21.10.4 TRDCRIi Re@iSter (1 = 0 OF 1) tooiioieiiiiieiecieeiee ettt ettt sttt st e et esae e e e neeeeenes 446
21.10.5 CoUnt SOUICE SWILCHIINE ...veeriiiiiiiiiiiieeiierie ettt ettt ettt e site st e st e sat e e sbeesabeebeesabesabesaeesbaesanesnne 446
21.10.6 Input Capture FUNCHOMN .......cccoeviiiiiriiiiiniieieieetereet ettt ettt et sae et ae e 446
21.10.7 Reset Synchronous PWM MOdE ..........ccccociiiiiiiiiiiiiiiieceecceee e 446
21.10.8 Complementary PWIM MOGE ......cccceviiiriiiiieiiiiiie sttt steesite sttt st e st asitesateesbtesatesnbeesbaesanesnne 447
21.10.9  Count SoUrce FOCOA0M .....c.ooiiiiiiiieieie ettt ettt ettt ettt e seesate bt st e teebe e beebeeteebeeneesaeeeesees 450
22 12T PR 451
22.1 INEFOAUCTION .oeiviiieitii et e et e e e et e e et e e eeaa e e eeteeeeeateeeeaseeeeateeeeseseenseeeenseseesseeeseens 451
222 Real-Time ClOCK MOME ......cccovuiiiiriiiiiniiiiiiietenit ettt ettt ettt et sae et sae e sae b nesaeenneae 452
22.2.1  Timer RE Second Data Register (TRESEC) in Real-Time Clock Mode ........cccccccevvvenenienienienncnne. 454
22.2.2  Timer RE Minute Data Register (TREMIN) in Real-Time Clock Mode .........ccccceviiiiniinnncnnennne. 454
22.2.3  Timer RE Hour Data Register (TREHR) in Real-Time Clock Mode ..........ccccceevevriiienieniiiinieneenne 455
22.2.4  Timer RE Day of Week Data Register (TREWK) in Real-Time Clock Mode .........cccccoceevuereennnne. 455
22.2.5 Timer RE Control Register 1 (TRECR1) in Real-Time Clock Mode .........cccceeeeiiniiiinienincee. 456
22.2.6  Timer RE Control Register 2 (TRECR?2) in Real-Time Clock Mode .........ccccceevciinirveininniincenncnne. 457
22.277  Timer RE Count Source Select Register (TRECSR) in Real-Time Clock Mode ..........cccceuerveneenne 458
22.2.8  Operating EXAMPIE .....ccooiiiiiniiiiiiiiiiiice ettt ettt et s e 459
22.3 OULPUL COMPATE MOAE ....eonviieiiieiieeiieite ettt ettt sttt e st e bt esate s be e st e sabeebeesabeenbeesaseensaenanes 460
22.3.1 Timer RE Counter Data Register (TRESEC) in Output Compare Mode ........c..cccceevverenieneneenncnne. 461
22.3.2  Timer RE Compare Data Register (TREMIN) in Output Compare Mode ..........ccccevereeieneeeennenne. 461
22.3.3  Timer RE Control Register 1 (TRECR1) in Output Compare Mode ...........ccecuerreeriiervieeneenriennieens 462
22.3.4  Timer RE Control Register 2 (TRECR2) in Output Compare Mode ........c.ccoceevereenenencienennienenne 462
22.3.5 Timer RE Count Source Select Register (TRECSR) in Output Compare Mode ..........ccccceverreeneenne. 463
22.3.6  Operating EXAMPIE .....ccoociiiiiiiiiiiiieiieeie ettt sttt ettt st et e st e e bt e sbt e st e ebtesateebtesstenatesbaesaneenne 464
22.4 Notes 0n TImEr RE .....ooooiiiiiiiiii ettt sttt sttt st 465
2241 RESEE cueiiieieetetee ettt ettt st h et b et h e a bttt e h e e a e e e bt et e bt ea b e e bt et e eheea b e bt et e ebe et e eaeetenas 465
22.4.2  Starting and StOPPING COUNL ......ceviiiiiiirieiieittenie et erte ettt e st e et esaeebeesieesbeesaeesabeessaessseesseesasesnne 465
22,43 REZISIET SELHNE ..eveeieiirititieitenteetente ettt et eat et e st eb et e bt e saeeat e bt et e sbeebteben bt et e sbeeneesbeeneenaee 465
22.44  Time Reading Procedure in Real-Time Clock Mode .........ccccoeiiriiiiiiiniiiiieeeeeeceee e 467



23, TIMEr RG o e e s e s s 468

23.1 INEFOAUCTION ..ottt ettt sttt sttt e bt bt e bt s bt et e sbeesnesbeenbesaeenneene 468
23.2 REZISTEIS .ottt b et b et b e ea bttt et e sbe et e s bt e be s bt esbe bt et e sbeentene 470
23.2.1  Timer RG Mode Register (TRGMR) .......cooiiiiiiiiiiiiiiii ettt sttt st 470
23.2.2  Timer RG Count Control Register (TRGCINTC) .....ccccivriiiiiiiniiiiienieeieete ettt see e 471
23.2.3  Timer RG Control Register (TRGCR) .....cc.coiiiiiriiniiiiiiiiiinteteneee ettt 472
23.2.4  Timer RG Interrupt Enable Register (TRGIER) ........ccccccoooiiiiiiniiniiiieeeeeeeeeceeeee e 473
23.2.5 Timer RG Status Register (TRGSR) ...cccoooiiiiriiiriiiiieeeeeete ettt 474
23.2.6  Timer RG I/O Control Register (TRGIOR) .......ccccoiiiiiriiiiiniiiiiniiicnecceeeseese e 475
23.277  Timer RG Counter (TRG) .....coiiiiiiieiie ettt te e st e e s e e et e e ssreeessseeennseeensseeennsaeennnns 476
23.2.8  Timer RG General Register A, B, C, D (TRGGRA, TRGGRB, TRGGRC, TRGGRD) ................. 477
23.2.9 Timer RG Pin Select Register (TRGPSR) ...c..coiiiiiiiiiiiiiiiieteeeeeeeeee e 478
233 Common Items for Multiple MOAES ...........ccerieiiiiiiiinieceeeeeseeeeteee e e 479
23.3.1  COUNE SOUICTES ...eouviiieniiniieitinitetieiteteeitesteettete st este st et e bt e st ebeesteeuee et saeesaesbeesaesbeeasesbeeatesaeensesneeneenaee 479
23.3.2  BUFEr OPEIALION ...c.evuiiiiriiiiiiiiiieitieteritet ettt ettt et et ettt st b e bt et st s b eat et et e sbeeneesbeeneenaee 480

2 G TG T B ) ¥~ U721 B 211 1) TSRS 482
23.4 Timer Mode (Input Capture FUNCHION) ......c.eevieriiiiiiiinieeieeriteeieet ettt ettt ettt ebe e 483
23.4.1 Timer RG I/O Control Register (TRGIOR) in Timer Mode (Input Capture Function) ................... 484
23.42  Procedure Example for Setting Input Capture Operation ............ccceceeveevienieieenenieeneseesreneesreeneenns 485
23.4.3  Input Capture Signal TIMING ....c.cocoeiriiiiriiiiiiieeie ettt sttt ettt e sbesbeesatesabeebeesbaesaneenne 485
23.4.4  Operating EXAMPIE ......cccooiuiiiiiiiieit ettt ettt ettt sa et 486
235 Timer Mode (Output Compare FUNCHOMN) ......cc.cocuiiiiiiiiiiiiiiiiiiee et 487
23.5.1  Timer RG I/O Control Register (TRGIOR) in Timer Mode (Output Compare Function) ............... 488
23.5.2  Procedure Example for Setting Waveform Output by Compare Match .........cccccevvevinininicncnenene 489
23.5.3  Output-Compare Output TIMING .......ccccoiiiiiriiiiiiiiieieeeeeeeee e e 489
23.5.4  Operating EXAMPIE .....cccoviiiiiiiniiiiieiieeie ettt ettt ettt sttt e sttt e bt e sbe e s bt e bt e sateenbtesstenatesbaesaneenne 490
23.6 PWIM MOUGE ...ttt ettt h e e e b e a et ea et e e teebeemeesbeenbesbeenseebeentesneentene 491
23.6.1  Procedure Example for Setting PWM MOdEe .........cccoeciiiiiiiiiiiiiiiiiicenececeeeeeee e 492
23.6.2  Operating EXAMPIE .....cccoociiiiiiiriiiiieiieeie ettt sttt ettt st e bt esat e e bt e sbe e steebtesateebtessaenabesbaesnnennne 492
23.7 Phase Counting MOGE ........cccoeriiiiiiiiiiniieenestetce ettt sttt ettt et et s st s s eee 495
23.7.1  Timer RG Control Register (TRGCR) in Phase Counting Mode ..........c.ccccceriiieninieniniienieienene 496
23.7.2  Procedure Example for Setting Phase Counting Mode ..........cceceeriieriieniiienieniieeniienieeieenee e 496
23.7.3  Operating EXAMPIE ......cooiiiiiriiiiiiiiiiicite ettt sttt st e e 497
23.8 TImMEr RG INEEITUPL ..ottt e enneene 499
23.9 Notes 0N TIMET RG ....ouiiiiiiiiiiiiie ettt sttt ettt sttt st e be st enne e 500
23.9.1 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode ..........cccccecerenienenieniennenne. 500
23.9.2  Timer RG Counter (TRG) .....coiiiiiiieiiie ettt ettt tte e stte s e e e reeseaeeeseseessnseeessseaenssaeennnns 500
23.9.3  TIMEI MOGE ...cuoiiiiiiiiiiietentt ettt ettt ettt et sttt e a e e sae e s bt e s bbb et e saeene e bt eneenaee 500
23.9.4  PWM MO ...ttt ettt ettt et sttt e bt et bt e st e e bt et e e bt ea e bt et e et et e e bt et eaes 500
24.  Serial Interface (UARTI (i = 0 OF 1)) 1ooiiiiiiieeiee et e e s e s e e s e e e snee e s aneeenes 501
24.1 INEFOAUCTION .o et e et e e et e e e eaee e eeteeeeeateeeeaseeeesaeeeeaeeeenseeesseseeseeeeneeas 501
24.2 REZISTETS .eeeutieiieeie ettt ettt ettt et st e bt e st e et e s et e e bt e sabe s beesabesabeesabeeabeenbeesabeenteesabeensaeaees 503
24.2.1 UARTi Transmit/Receive Mode Register (UIMR) (1 =0 0F 1) ..ccccooiririininiieniiiieeieneeeeeeee 503
24.2.2  UARTiI Bit Rate Register (UIBRG) (1 =0 OF 1) .ecuooiiiiieiieieieiee e 503
24.2.3  UARTiI Transmit Buffer Register (UITB) (i =0 0T 1) cocooiiiriiiiiiieeieeiereeeeeeeeeeieeee e 504
24.2.4  UARTi Transmit/Receive Control Register 0 (UiCO) (1 =00 1) .cooereeiininiienieiiniiicnceienceeee 505
24.2.5 UARTi Transmit/Receive Control Register 1 (UiC1) (1 =007 1) .eoocereeiiiieieiieienceeeceeeeceee 505
24.2.6  UARTiI Receive Buffer Register (UIRB) (i =0 01 1) .eooviiiiiiinieiiiiieeiecee et 506

A-13



24.277  UARTO Pin Select Register (UOSR) ....coviriiiiiiiiiiiiiiieeercetee ettt e 507

24.2.8  UARTI Pin Select Register (UTSR) ....ooiiiiiiieiieee ettt 508
24.3 Clock Synchronous Serial I/O MOME ......cc.coocueiiiiiriiiiienieeeeeteeieeee ettt sttt e 509
24.3.1  Measure for Dealing with Communication EITors .......c..ccoccecieririiininiininnienenieenenceeeceeenee e 513
24.3.2  Polarity Select FUNCHON .......ccooiiiiiiiiiiiieieicec ettt 513
24.3.3  LSB First/MSB First Select FUNCHON ......c..coccciiiiinieiiiniieiinceicneecseeienieete sttt 514
24.3.4  Continuous RECEIVE MOME .....c..covuiiiiiiiiiiiiiieieee ettt st 514
24.4 Clock Asynchronous Serial I/O (UART) MOGE .......coooiiriiiniiinieiiiinieeieetc ettt 515
2441 BIERALE oottt ettt et sttt st sa et be e e 520
24.42  Measure for Dealing with Communication EIToOrs .......c..ccocceceviriiininiininneneiieeeieseeeeeeee e 521
24.5 Notes on Serial Interface (UARTI (1 =0 0T 1)) coouviieeiiieeieeie ettt e e e 522
25.  Serial INterface (UARTZ) ..ottt e e st e e s e e e e 523
25.1 TRETOAUCTION ..ttt ettt et et et e b e e st e e bt e st e eabe e beesabeeabeesabeenbeenaees 523
25.2 REZISTEIS ...ttt ettt ettt et b et b et sb e ea bt bt et e sbe et e s bt embe s bt esbe bt e besbeentene 525
25.2.1 UART2 Transmit/Receive Mode Register (U2ZMR) .......ccocoriiiiiiiiiiniiieiieesieeeee e 525
25.2.2  UART2 Bit Rate Register (U2ZBRG) .....ccooceiiiiiiiieieiieeeeeeeee ettt 525
25.2.3  UART2 Transmit Buffer Register (U2TB) .....ccccooeiiiiiimieniiniiiineecneeeeeeseeeseeee et 526
25.2.4  UART2 Transmit/Receive Control Register 0 (U2C0) .....coocirieiiiiiiiiieiieiesieees e 527
25.2.5 UART?2 Transmit/Receive Control Register 1 (U2CT) ...c.ooviiriiiiiiniiiiiiiieeieeeeeeeteeee et 528
25.2.6 UART2 Receive Buffer Register (UZRB) ......ccooiiiiiiiiiniiieiiiesieeeieeesiteeetee et 529
25.27  UART?2 Digital Filter Function Select Register (URXDF) .......cccccoociiiiiiniiniiieeeeeeeece e 530
25.2.8  UART?2 Special Mode Register 5 (U2ZSMRS) .cc.eiiiiiriiiiiiieeieeteeie ettt ettt e 530
25.2.9 UART?2 Special Mode Register 4 (U2ZSMR4) ......cooiiiiniiiiiniiiineecneeeieeesieeeee e e 531
25.2.10 UART?2 Special Mode Register 3 (U2ZSMR3) ...ccoiiiiiiiiieiiieie et e 531
25.2.11 UART?2 Special Mode Register 2 (U2ZSMR2) .....cooviiiriiiiiiiieeiieiteeieeitesee ettt ettt e svaesne e 532
25.2.12 UART?2 Special Mode Register (U2ZSMR) .....cccociiriiiiiiiiiiniiicicneceeeeeeesete e 532
25.2.13 UART?2 Pin Select Register 0 (U2SRO) ......coouiiiiiiiieieeieee ettt e 533
25.2.14 UART?2 Pin Select Register 1 (U2SR1) ..coocuiiiiiiiiiiiiieieeienteetete ettt ettt et 534
25.3 Clock Synchronous Serial I/O MOde .........cocueviiiiniiiiiniiniieteeeesceteeete ettt 535
25.3.1  Measure for Dealing with Communication EITOTS .........ccccceeieviriiniiniinininenencceeeeeeee e 539
25.3.2  CLK Polarity Select FUNCHOMN ......cccuiiriiiiiiiiieiienie ettt ettt et ste st e st saneseeesbeesaneenne 539
25.3.3  LSB First/MSB First Select FUNCHION ......c..cooueiiiiiiniiiiiiiiniceieneete ettt 540
25.3.4  Continuous RECEIVE MOME .....ccvieiiiiiiieiiicie ettt ettt e te e e e s teebe e teeebeessaessseessaessseesaesssennns 540
25.3.5  Serial Data Logic SWitching FUNCHON .....cccoiviiiiiiiiiiiiiieniieteeteetee ettt e 541
25.3.6  CTS/RTS FUNCHON ..ottt e s sn s 542
254 Clock Asynchronous Serial I/O (UART) MOGE .......oouiiuiriiiiiieieeeieee ettt 543
2541 BIERALE oottt ettt st st ae sttt sa et be e naee 547
25.4.2  Measure for Dealing with Communication EITors .......c..ccocecevirviininiininiencnieeniecseeeeeenee e 548
25.4.3  LSB First/MSB First Select FUNCHON ......ccciiiieiiiiiiiicieeieecteeie et eie et veeieesveeveesenesveesvaesnnaenns 548
25.4.4  Serial Data Logic SWitching FUNCHON .....cccuiiiiiiiiiiiiiiieeiieteeteetee ettt e 549
25.4.5 TXD and RXD I/O Polarity Inverse FUNCHON .......ccccoviiniiriiiiiniiniiniiiiniec ettt 549
2546 CTS/RTS FUNCHON 1..rvvoveeierciseianeseseseees et esss st esss ettt 550
25.4.77 RXD2 Digital Filter Select FUNCHON ........ccceeviiiiiiiiiiniieiieeieeie ettt ettt svee e 550
25.5 Special Mode 1 (T2C MOGE) ......oueveiuiieeiieeieeeeieeeeeeeeeeesee e see ettt snaees 551
25.5.1 Detection of Start and Stop CONAIIONS ......cccueruieiiiriieiiiiieie ettt et 557
25.5.2  Output of Start and StOP CONAILIONS ....cc.eervvieriieriiieniieeiieeite ettt et esteeritesteesbtesaesbeesbeesseenne 558
25.5.3  TIanSTETr CLOCK ..cutiiiiiiiiiiieie ettt ettt st sttt et et b et esae et e sbeeeenaee 559
25.5.4  SDA OULPUL .ottt ettt ettt sttt ettt b et e e bt e s e bt et e ebeenteeue et e sbeembeabeeaeesbeeneenbe et e eaeeneesaeeneenaes 559



25.5.5  SDA INPUL .coutiiiiiiiiiceeeete ettt et s sttt s st s ene 559

2556 ACK AN NACK ....ooiiiiiieieiee ettt sttt et e st e et e s aeeeesaeensesseensesseenseeseensesseensesneenseses 559
25.5.7 Initialization of TransmiSSION/RECEPHON ....eivuviiriiiriiiiieniieiteete ettt sttt sttt sbaesaneenee 560
25.6 Multiprocessor Communication FUNCHON ......c..eeoiiriiriiniiiiniiiecete ettt 561
25.6.1  Multiprocessor TranSMISSION ........c.cecuerieriirieiiirieti ettt et r e sae e e ae e saee 564
25.6.2  MultiproCesSOT RECEPLION .....eovuiiiiiiiiiiiiieiiieiterite ettt ettt ettt ettt e s beesaeesabeesatesabeebaesanesnne 565
25.6.3  RXD2 Digital Filter Select FUNCHON .......cccccoceeriiiiiiiiniiieniieieieeteseeeteseete ettt 567
25.7 Notes on Serial Interface (UART2) ....ooooiiiiiiieiieeeee ettt ettt e et e sar e e stve e een e e ssseaeeneeeeenens 568
25.7.1  Clock Synchronous Serial I/O MOAE .........cccocierieriieriieniieiieeieete sttt sttt sbaesaneenee 568
25.7.2  Special MOde 1 (I2C MOAE) ......ocveuerieeiieeieeeeieieieseeess st es st 569
25.7.3  UZBRG REZISIEL ...ovieuiitieiieiieiieiiett ettt te e st e et e e et e e e ete et e s st eeesseensesseensesseenseeseensesseensesneensesns 569
26. Clock Synchronous Serial INterface ........cocveiiiiiieie e 570
26.1 AV (0T (SN 1Y (Ted 1o ) s RS S 570
27.  Synchronous Serial Communication Unit (SSU) .......cccoiiiiiiiiiiie e 571
27.1 INETOAUCTION ..ottt ettt st s bbbt et be et eaee bt s aeesbesaeesnesbeenbesaeenneane 571
27.2 REZISTEIS ..ottt b et e b et sb e ea bt bt et sbe et e s bt e s be s bt esbesbe e besbeenaene 573
27.2.1  Module Standby Control Register (IMSTCR) .....c.ccccieiiiiiiiiiiniiiiiniieeceeceeeeee e 573
27.2.2  SSU/IC Pin Select Register (SSUIICSR) ...ccuieriiiiiiiieeiieiteeteetese ettt st s 574
27.2.3  SS Bit Counter Register (SSBR) .....ooiiiiiieeee et 575
27.2.4  SS Transmit Data RegiSter (SSTDR) ...ccc.ciiiiiiiiiiiiiietee ettt ettt siae e 575
27.2.5 SS Receive Data Register (SSRDR) ...couiiiiiiiiiiiiiieteeteetete ettt sttt 576
27.2.6  SS Control Register H (SSCRH) .....ooiiiiiiiiieeeeee ettt 576
27.2.77  SS Control Register L (SSCRL) ....coiiuiiiiiiiieeeeeeeee ettt ettt 577
27.2.8  SS Mode RegiSter (SSIMR) ....ooiuiiiiiiiiiieeite ettt ettt ettt ettt et e sbeesaeesabeesaeesateebaesaneenne 578
27.2.9  SS Enable Register (SSER) ....cc.ooiiiiiiieeie ettt sttt e 579
27.2.10  SS Status ReZIStEr (SSSR) ..ueiiiiiieieet ettt ettt sttt et esbeesaae e 580
27.2.11 SS Mode RegiSter 2 (SSIMR2) ....ooiuiiiiiiiiiiiteiteete ettt ettt sttt et e s abe st e sabesatesbeesbaesaneenne 581
27.3 Common Items for Multiple MOAES ........c.coouiiiiriiiieiiiiee e e 582
27.3.1  TranSfer CLOCK .....ccocciiiiiiieiiiie ettt e it e et e et e e st et e e taeessbeeessseeesssseesnsseeassseennssesensseeenssseennnns 582
27.3.2  SS Shift Register (SSTRSR) ....cooiiiiiiiiiieeeetetetet ettt 584
27.3.3  INEITUPL REQUESES ..eeeeueieiiiiiieeitieit ettt ettt sttt ettt e bt st e bt e st e e bt e bt esateenbeesmeeeane 585
27.3.4  Communication Modes and Pin FUNCHIONS .........cccoiiiiiiiiieieiii ettt 586
27.4 Clock Synchronous Communication MOAE .........cceevueerieriieeniinriienie ettt et sbe e 587
27.4.1 Initialization in Clock Synchronous Communication Mode .........cccccoceeviiiineiieninieneecececee e 587
27.4.2  Data TTanSMISSION ......ccccciieiiieeaiiieestteesteeestreeessesesseeessseesssseessssesessseessssseesssseesssseessssessssseessssseenssn 588
27.4.3  Data RECEPIIOMN ..ueeeeuiiiiiieiiieiieiie ettt ettt ettt st e st e st e e bt e sabeeabtesabeeabeesaeeesbeenseesabeessaenasesbaenanesnne 590
27.5 Operation in 4-Wire Bus Communication MOdE ...........cccecevirinieninienienienieieieteeeeeese e 594
27.5.1 Initialization in 4-Wire Bus Communication MOdE ..........cccccceeiriireriireniiie e eriee e esieeesee e 595
27.5.2  Data TranSImMISSION ....cc.coeevieriiertiririenteetententeteeieesteeteeteeseesaeemtestesaeesaeessebesesesteeasesesaeesseensenseensenuee 596
27.5.3  Datd RECEPHOM ...eoviiiniiiiiiieiieieiteiete sttt ettt s st a ettt ebe et bt st besae e enene 598
27.54  SCS Pin Control and ATDIIAION ..........o..ovoveeueveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese e ees e eeesees e e e 600
27.6 Notes on Synchronous Serial Communication UNit ........c.eeviirieerieniienienieerie et esieesee e 601
28.  12C DUS INTEITACE ...veuecviiieieiietiiete ettt ettt st se bt se et e s eseesesseseese s eneesenenenneneas 602
28.1 INEFOAUCTION ettt ettt st et b et sb et bt et eb et e s bt esbe s bt esbenbeenbesbeentene 602
28.2 REGISTEIS ...ttt ettt sttt b et e s bt e a e eb e em e sbeem b e e bt e teehe et e ebe e beebeente bt e beeaeentene 605
28.2.1  Module Standby Control Register (MSTCR) ...cccovviiiriiiiiiiieeieetee ettt 605

A-15



28.2.2  SSU/IIC Pin Select Register (SSUILICSR) ..c..ooiuiiiiniiiiiiieieneeteneeteneetee ettt 605

28.2.3  I/O Function Pin Select Register (PINSR) ....c.cooiiiiiiiiiiiiiteteetete et 606
28.2.4  IIC bus Transmit Data Register (ICDRT) .....ccccoiiiiiiiiiiiiiiiiecteeeee ettt st e 607
28.2.5 IIC bus Receive Data Register (ICDRR) ....cccooiiiiiiiiiiiiiieititenecteeeeeeteeeeeeee e e 607
28.2.6  IIC bus Control Register 1 (ICCRI) ...cooiiiiiiiiiiiiiieieeteet ettt 608
28.2.7  IIC bus Control Register 2 (ICCR2) ....cccoviiiiierieiiieiieeie ettt sttt sitesteesate bt esaaesabeesbaesaneenne 609
28.2.8  IIC bus Mode Register (ICIMR) ......ccccouiiiiiiiiiiiiieentetesit ettt sttt sttt st 610
28.2.9  IIC bus Interrupt Enable Register (ICIER) ........cccccoiiiiiiiiiiiniiiiiienccceceeeeeeeeesee e e 611
28.2.10 IIC bus Status RegiSter (ICSR) ...cc.eevuiiiiiiiiiiiiieieet ettt ettt ettt sttt st aee st esbeesaneenne 612
28.2.11 Slave Address RegiSter (SAR) ..cocuiiuiiiiiiiieiieieeeeetee ettt 613
28.2.12 IIC bus Shift Register (ICDRS) ......ccoooiiiiiieieeeseeee ettt ettt et ee e 613
28.3 Common [tems fOr MUItIPle MOAES .......cccueiiuiiriiiiiiiiieieete ettt ettt sttt ste et e sate e enaees 614
28.3.1  TranSTETr CLOCK ..eouiiiiiiiiiiieee ettt ettt sttt st b ettt sae et s be e naee 614
28.3.2  SDA Pin Digital Delay SEIECtiON ..........cocoocieriiiiiiiiiiiienieieeeeee e 616
28.3.3  INLETTUPL REQUESES ..ueieiieieiiiiieeiieeieeite ettt set et stt et e bt e st e et esat e e bt e sbeesabeasstesabeebeessaenaeesnbaenanennse 617
28.4  T2C BUS INLEIFACE MOME ......voveeereieiceeicee ettt sttt s s nanaenas 618
28.4.1  T2C BUS FOIMAL ..o eea s e senaes e 618
28.4.2  Master TranSmit OPETALION ........cccceeriirriieriierrieeriieeitertesteesttesteesteesteesteesseesseesseesseessaesssessseesssesnne 619
28.4.3  Master ReCCIVE OPEIAtION .....cceevuiruiiriiriieieniieientteie ettt ettt satesbe et e b e setesb e et et e e itesaeeneesbeeeenaee 621
28.4.4  Slave Transmit OPETAION .......c.cccceriiriiriierierieie sttt ettt ettt saeee et e e e e eas e eeeae s e eaeeneesneesnesaee 624
28.4.5  S1ave RECEIVE OPETALION ...ecuiiriiiiiieiiiiiiieniteeieesite et estesiteebtesbeeteesabeebeesbeesbeesaeesabeesstenssesnsaesnnesnse 627
28.5 Clock Synchronous Serial MOdE .......c..ccccueiiiriiininiinineictctetee ettt sttt ere e e eae 629
28.5.1  Clock Synchronous Serial FOImat ...........ccccocoiiiiiiiiiiiiiiiiiiieiee e 629
28.5.2  TranSmit OPETATION ....ccceeviiriiieriierieeteerteete st esttesteestestteesbeesatesteessbeeseesseesseesseesaseessaesssesnsaessesnne 630
28.5.3  RECEIVE OPCIATION ...eoutiiniiiiieiiitieie ettt ettt et ea ettt e s bt eatesbeeaeesbessee s bt et e b e embeebeeneesaeeneesaeeneenaes 631
28.6 Register Setting EXaAmPIES ........cocoioiiiiiiiiiiiiii et 632
28.7 INOTSE CANCEIIET ...cuiiiiiiiiiiiiciereet ettt sttt ettt ettt ettt e sae et e sb e et e besen et e eenesbeenneane 636
28.8 Bit SYNchronization CATCUIL ..........cotirieruieiieriieeet et ettt sttt ettt e e sbe e e sbeetesbeentensesseensesneeneene 637
28.9 Notes 0N I2C BUS INEITACE ........c.ovveveceieeeeceeieeee e s e s s ses s nes s s s sneseas 638
28.9.1  Master RECEIVE MOMR .....ooueriiriiiiiiiiiiiieieitet sttt sttt ettt ettt ettt sae s ae e naes 638
28.9.2  The ICE Bit in the ICCR1 Register and the IICRST Bit in the ICCR2 Register ..........ccccecevuerueneee. 638
29, HArdWAre LIN ...t et e e ea e e e e 639
29.1 INEFOAUCTION ...ttt ettt ettt ettt bt et s bt et e eb e et e e st e bt es e e bt eseenbesaeensenbeenbeeneantens 639
29.2 INPUL/OULPUL PINS eeeiiiieiiiie ettt ettt ettt st e be e st e e beesabeeabeesaeesabeenbeesaseensaenanes 640
29.3 REGISTEIS ..ottt ettt et b et s b et b e a bt bt et e ebe et e s bt e be s bt et e s bt et e sbeentene 640
29.3.1 LIN Control Register 2 (LINCR2) ......ooiiiiiieieee ettt e 640
29.3.2  LIN Control Register (LINCR) ......ooiiiiiiiiiiiiiieiieeiteteete ettt ettt sieesabeesaaesateesbeesaneenne 641
29.3.3  LIN Status Register (LINST) ....coviiiiiiiieienieeetesteetee ettt sttt sttt sae et e 641
29.4 Functional DESCIIPHION ....cc.eeiruiriiriiriiieieieieteiiee ettt ettt ettt s e a ettt et et sae st st sae e s enne 642
2041 MASEET MOAE ....ooouiiniiriiiiieiieicetentet ettt ettt ettt et sttt a e e st et s h ettt na e eae e bt e nae 642
2042 SIAVE MOAE ..ottt ettt ettt et bttt et sttt h e ea bttt et be et naee 645
29.4.3  Bus Collision Detection FUNCHON .........cccuiiiiiiiriiieiieeee ettt e 649
29.4.4  Hardware LIN End ProCESSING ...cc.eevviriiiriiiiienieeiterte ettt ettt e steeteesieesbeesieesabeesseesaeessbaesanesnne 650
29.5 INEEITUPE REGUESES ...ttt bbbttt ettt st e st bt et s bt e b e saeenteae 651
29.6 Notes on Hardware LIN L......oooiiiiiiiiiie ettt st e 652
B0, A/D CONVEIEL ittt ettt e e e ettt e et e e e e saee e e s ee e e anteeeamseeeamneeeenneeeenteeeenseannneeeaaneeeans 653
30.1 TRETOAUCTION ..ttt ettt et e bt st e s bt e s ate e b e e st e eabe e beesabeebeesabeebeenaees 653



30.2 REZISTEIS ..ottt b et s bt et b et s b e a bt e bt et e sbe et e s bt e be s bt esbe s bt e besbeenteae 655
30.2.1  On-Chip Reference Voltage Control Register (OCVREFCR) .......cccccociiiiiiiiiniiiinicnicceeeee, 655
30.2.2  A/D Register i (AD1) (1 =010 7) eeeoiererieiiiieteseete ettt sttt sttt ettt sa e e 656
30.2.3  A/D Mode Register (ADMOD) .....cc.iiiiiiiiiiiiiieieeteeeteste ettt ettt sttt e 657
30.2.4  A/D Input Select Register (ADINSEL) .......cccooiiiiiiiiiiieiecieece e e 658
30.2.5 A/D Control Register O (ADCONO) ...coccieriuiiriienieeiiterieeitesteeteesite st esteesteeaeesitesbeesatesabeesbaesanesnne 659
30.2.6  A/D Control Register 1 (ADCONT) ....oooiiiiiiiiiiieniteteeeteeteetee ettt s 660

30.3 Common Items for Multiple MOES ..........ccceiiiviiriiiiiecnteeeeeeeeeee e 661
30.3.1  INPU/OULPUL PINS .ooiiiiniiiiiieiieieeieete ettt sttt sttt sttt et esbe e st e e bt e st e ebeessaesatesbaesnnennne 661
30.3.2  A/D CONVEISION CYCLES ..ooutiriiiiiiiiiiiiiietieitete sttt ettt ettt ettt sttt sbt e e b et sae et e sbeeeesaee 661
30.3.3  A/D Conversion Start CONAItIONS ........eecueerieerieerieriiienitenteeiteeeteeieesteesteesieeebeesieesabeesseesaeeesbeesaeesane 663
30.3.4  A/D Conversion RESUIL .......cccoviiiiiiiiiiiiniieeeetee ettt sttt 665
30.3.5 Low-Current-Consumption FUNCHON ......ccceciiiiiiiiniiiiiniieiiniceieeete et 665
30.3.6  On-Chip Reference Voltage (OCVREF) ........cccoooiiiiiiiiiii e 665
30.3.7  A/D Open-Circuit Detection AssiSt FUNCHON ...c..covviiirieriiiiiieiiieiienieeiceee ettt e 666

304 ONE-SHOt MOGL ...ttt ettt ettt ettt ebt et e bt esb e e bt e bt e st e be et b et eabe bt enaene 667

30.5 REPEAL MOAE 0 ...ttt st et ae s s e enneae 668

30.6 REPEAL IMOAE 1 ...ttt ettt bttt st e bt e s it e e bt e st e eabeesbeesabeenbeesabeenseenanes 669

30.7 SINGIE SWEEP MOME ..cnveniiniiiieieeieeieee sttt ettt ettt se e sttt be bt e bbbt e saeentesbeeae e 671

30.8 Repeat SWEED MOME .......cooiiiiiiiiiee ettt et 673

30.9 Output Impedance of Sensor under A/D CONVETSION .......eecveerriirrieerierrieenierieenieesreesieesseeseeesseesseesanes 675

30.10  NOLES ON A/D CONVETLET ....eouieuieiuieieriteieetteteetteteetteteeueestesaeestesatenbeebeenteeseentesseentesseensesaeensenseenbesneansenns 676

O I I N o0 1Y/ (] SRS 677

31.1 INEFOAUCTION ...ttt ettt ettt ettt e h e bt e b et e sb e et e et e e bt ea e e bt saeembesbeembeebeenbesneaneenne 677

31.2 REZISTETS .eeitieiteeit ettt ettt et et et e bt e et e e bt e sa bt e bt e satesabeesabesabeesatesabeenbeeeabeenbeesaseenseenanes 679
31.2.1  D/AiRegister (DAL) (1 = 0 08 1) coeiiiiiiieiieteeee ettt st 679
31.2.2  D/A Control Register (DACON) .....cooiiiiiiiieieeeeee ettt sttt sttt st et s b ettt et see et e saeenees 679

2 © 704311 ) = SRS 680

32.1 TRETOAUCTION ...ttt ettt et e bt sa e e b e e s ab e e be e st e eabe e beesabeebeesabeeseenaees 680

32.2 REZISIETS .eeeitieiteeie ettt ettt ettt ettt e et e bte st e e bt e sabeesbeesate s bt esabesabeesabesabeenbeesabeenseesaseensaenanes 682
32.2.1 Comparator B Control Register 0 (INTCMP) .......ccoeoiiiiiiiiiiiiieie e 682
32.2.2  External Input Enable Register O (INTEN) .......ccccooiiiiiiiiiniieeceeeeneee e e 682
32.2.3  INT Input Filter Select Register O (INTEF) ...c..cooiiiiiiiiiiiiiiieeteeeee ettt s 683

323 Functional DESCIIPLION ......cecuiiuieiiiiiiieiteeet ettt ettt eb ettt et b et s st e nbe st entesbeebesneeneenne 684
32.3.1  Comparator Bi Digital Filter (1 = 1 0F 3) ....cociiiiiiiiiiiieeieece e e 685

324 Comparator B1 and Comparator B3 INTEITUPLS ...cceeevviiriiriiiiniiiiiieriie ettt sttt 686

33.  LCD Drive CONrol CIFCUIL ......ccoiiiieiiieee e e 687

33.1 INEFOAUCTION ..nviiiiiiiiiiieete ettt sttt et sbt et b et ebe et s bt et sbeesbesbe e besaeentene 687

332 REZISIEIS .viiiiieitt ettt ettt sttt ettt ettt bbb b e et et eat bt et sae et et sae e ene 690
33.2.1 LCD Control Register (LCRO) ....c.coviiiiiiiiiiiiieieeitete ettt ettt sttt e st e sbaesaneenne 690
33.2.2 LCD Bias Control Register (LCR1) .c..cooiiiiiiiiiiiiiciiieteee ettt 691
33.2.3  LCD Display Control Register (LCR2) ......cccouivievieriiiiiiieieinnesteeseseeeereteeee e 692
33.2.4 LCD Clock Control Register (LCR3) ..cc.ciiiiiiiiieriieiiieieeieeit ettt ettt sttt sttt e sbeesane e 692
33.2.5 LCD Port Select Register 0 (LSED) .....cooiiiiiiiiiriiiieieieetenteetee ettt 693
33.2.6  LCD Port Select Register 1 (LSEL) ..oo.coiiiiiieieieeeee ettt e 693
33.2.7 LCD Port Select Re@ister 2 (LSE2) ....ccociiiiiiiiieieeiteteeteeite ettt ettt sttt sttt e sbee s 694



33.2.8  LCD Port Select Register 3 (LSE3) ..c.coiiiiiiiiiieieeeeeteeetee ettt e 694
33.2.9 LCD Port Select Re@ister 4 (LSEA) ....oouiiiiiiieieeeeteeteeteetee ettt sttt s 695
33.2.10 LCD Port Select Re@ister 5 (LSES) ....ooviiiiiiiieiieeiieteeteeite sttt ettt sttt et esbeesaneenee 695
33.2.11 LCD Port Select Register 6 (LSED) .....cccccoeriiiirieniiiieieeeencetene ettt 696
33.2.12 LCD Port Select Register 7 (LSET) ..ooveriiieieieeeee ettt ettt 696
333 DAt REZISIETS ..vveeueiiitiiiieeiie ettt ettt ettt st e b e e st e e bee s bt e esbeesbeesabeasatesate e beessbessbeesbaesaseenbaesnsaenees 697
33.4 LCD DIIVE CONLIOL ..eeniiieiiieiieeieeiteeteecttesite et e et e et e sttesteebaessaessbeestbeeseesssessseenssesnseeseensessssesnseenseennse 699
33.4.1  Segment Output Pin SELECHION .....c.cccoioiiiiiiiiiiiiiiiieiceeee ettt 700
33.4.2  LCD ClOCK SEIECHOMN ....eevuviiniieriiiiiieniteeiteiteeeteeie e st e it estte bt ettesate e bt esaeesabeasstesaseebeesseesssessaesnnesnne 700
33.4.3  LCD Data DisSplay CONEIOL .....cc.eeouiriiriirieieneeieiiteenieeteste ettt sttt st este sttt ebe et sbee e e 700
33.4.4  BiaS CONITOL ..oeiiiiiiiieiiiieiie ettt eette ettt e et e e ettt e e teeesbeeeestaeeessseesssseaassseeeasseeessssaeanseesassesensseeessseeennns 700
33.4.5  LCD Data DiSPIaY ....eccieviiiiiienieiiieniieeittesite et eiee sttt e it ettesbeesttesateesbeesstesabeasstesaseebeessaenasesnbaesnnennse 701
33.4.6  Pin Status in StOP MOGE ...c..eeiiiiiiiiiiiiiecees ettt ettt sttt st 701
33.477  Pin Status in POWEr-Off MOAE ........ccccoiiiiiiiieiiie ettt ettt eere e seaee e beesnseeesseaesssneennnns 702
33.5 LCD DIive WaVEOTTI .....coiuiiiiiiiiiiiiiieeieete sttt st ettt ettt s e shte e beebaesase e st enseesaseenseenanes 703
33.5.1  Segment Panel Control WavefOrm ......ccccocueviiiiriiriiniinienieteeeeesee ettt 703
33.5.2 Dot Matrix Panel Control Waveform ...........cccoeeciiiiiiieeiiiieeeie ettt e seere e e reeessaeeenens 709
33.6 Notes on LCD Drive CONtrol CITCUIL .....eevviiiiiieriieniieiienieeiterite et et e siteeieesiteesteesieesseeesseesasesseeseesanes 715
33.6.1  When Division Resistors are Connected EXternally .........cc.ccccevirviininnininnincninineneeieeeeenee 715
33.6.2  VOoltage MUIPLET ....coueeiiiieiiiieieiieeee ettt st sn e ne e 715
R = ] Y[ . o] oSSR 716
34.1 TNETOAUCTION ..ttt ettt ettt e bt e s bt e bt e sabe e bt e sabe e beesabesabeenbeesabeenseesaseensaeanes 716
34.2 IMEMOTY VAP .ttt ettt ettt et sttt et s h et s bt et sb et e e bt et ebte bt e bt e nbesbeeab e bt et e sbeenee e 717
343 Functions to Prevent Flash Memory from being REWTIten .........ccccovevievierienieieinininenieeseneecienne 719
34.3.1  ID Code Check FUNCHOMN ...occiiiiiiiiiiiieiieitieeteeie ettt sttt sttt ettt et e st e ebeesaaesaeeesbaesaneenne 719
34.3.2  ROM Code Protect FUNCLION ......cccuiivieiieeiieiieiieeitente et esieesteesteesaeeteesseessseesseessseessaesssessseesssennns 720
34.3.3  Option Function Select Register (OFS) ......cooiiiiiiiiiiee e 720
34.4 CPU REWTIILE IMOUE ....veiiiiiiieiieeieette ettt ettt sttt ettt e st st esabesate e bt e ssbeenbeesabeeseanasesnbaanaeenane 721
34.4.1  Flash Memory Status Register (FST) .....ccooiiiiriiiiiiiiieniceteteeete et 722
34.42  Flash Memory Control Register 0 (FIMRO) .......cocoiiiiiiiiiiiieicee et 724
34.4.3  Flash Memory Control Register 1 (FMRI1) .....coooiiiiiiiiiiiiieciieteeieeeesee ettt 727
34.4.4  Flash Memory Control Register 2 (FIMR2) .......ccccoiiiiiiniiiiiniiineecrceeeeeseeeeteee e 729
34,45 EWO MOUE ..ottt ettt ettt et sttt b e et she e st be et bt e et et e et eae e bt et eas 731
3440 EWILIMOUE ..oonviiiiieiieiieeetee ettt et ettt st ettt e bt e st e et e e s abe et e e bt e sabeesatesateenbeebeesabeenaneenne 731
34,477 SUSPENA OPEIATION ...eeuiiiiiniiriieiieiteit ettt ettt ettt et e et ebe et s bt et sbeesbe s bt etesbeeabesbe et e saeeneesbeeneenaee 732
34.4.8 How to Set and EXit EACh MOGQE .........cooiiiiiiiieeie ettt ettt et an e be e sbaesnaaenes 733
3449 BGO (BackGround Operation) FUNCHON .........cocouiiriiiiieniiiiiieeieeitenie ettt sttt e 734
34.4.10 Data Protect FUNCHOMN ....cciiiiiiiiiiiiiiiiieieeite sttt et ettt st e ste e baesaesnteessaeeseessseensaenseesnseenseennne 735
34411  Software COMMANAS ......ccceeevieiiieeiiieiiieieeeteesteesteesteeseeesseesseeesseesseessseessessseessseesseessseesseesssesssessssesnns 736
34412 FUull Stattis CRECK ..c.veeviiiiiiiiieieeit ettt ettt sttt st e beesbe e sbe e bt e sateebeesstesatesbaesanennne 745
34.5 Standard Serial I/O IMOME .........ooouieiiiiiiieiieeie et ettt et e ste et saesbe e beesabeesbeessseessesssesseesnsesnseens 747
34.5.1  ID Code Check FUNCHOMN ....ccciiiciiiiiiiiieeiieciieeteeieesteesteettesteeteeseveesteesaeessseessaessseesseessnessseessaesssennns 747
34.6 Parallel I/O MOE ....cc.eeeiiiiiieiiete ettt ettt sttt st et e st e st e et e eabe e beesabeenbeesabeenseenanes 750
34.6.1 ROM Code Protect FUNCLION ......cccvieivieiieiiieiienieeiteste et esieeeteeieesteesseesseessbeesaeesnseesseesssesnsaesssesnne 750
347 Notes 0N F1ash MEMOTY ....c..coouiiuiiiiiiiiiitieiee ettt sttt e b et et ebe st et e sbe e besaeeneene 751
3471 CPU REWIILE MOAE ...oouvieneiiiiiieiiiiit ettt ettt ettt et s e et e bt e s beesbe e st e esbeesatesabeesstenateebaesnnennne 751



	Contact us
	Notice
	General Precautions in the Handling of MPU/MCU Products
	How to Use This Manual
	Table of Contents

