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systems. These microcontrollers are essentially compact
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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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RX110 Group

1. Overview

Table 1.1 Outline of Specifications (2/3)

Classification Module/Function

Description

1/0 ports General I/O ports

64-pin /48-pin /40-pin /36-pin

1/0: 50/34/28/24

Input: 2/2/1/1

Pull-up resistors: 42/28/23/20
Open-drain outputs: 38/28/23/20
5-V tolerance: 4/4/4/4

Multi-function pin controller (MPC)

Capable of selecting the input/output function from multiple pins

Timers Multi-function timer pulse
unit 2 (MTU2b)

(16 bits x 4 channels) x 1 unit

Time bases for the four 16-bit timer channels can be provided via up to 8 pulse-input/output lines and
three pulse-input lines

Select from among eight or seven counter-input clock signals for each channel (PCLK/1, PCLK/4,
PCLK/16, PCLK/64, PCLK/256, PCLK/1024, MTCLKA, MTCLKB, MTCLKC, MTCLKD) other than
channel 5, for which only four signals are available.

Input capture function

13 output compare/input capture registers

Pulse output mode

Phase counting mode

Generation of triggers for A/D converter conversion

Compare match timer
(CMT)

(16 bits x 2 channels) x 1 unit
Select from among four clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)

Independent watchdog
timer (IWDTa)

14 bits x 1 channel
Count clock: Dedicated low-speed on-chip oscillator for the IWDT
Frequency divided by 1, 16, 32, 64, 128, or 256

Realtime clock (RTCA)

Clock source: Sub-clock
Calendar count mode or binary count mode selectable
Interrupts: Alarm interrupt, periodic interrupt, and carry interrupt

Communication Serial communications
functions interfaces (SCle, SCIf)

3 channels (channel 1, 5: SCle, channel 12: SCIf)

Serial communications modes: Asynchronous, clock synchronous, and smart card interface
On-chip baud rate generator allows selection of the desired bit rate

Choice of LSB first or MSB first transfer

Average transfer rate clock can be input from MTU2 timers

Simple 12C

Simple SPI

Master/slave mode supported (SCIf only)

Start frame and information frame are included (SCIf only)

Start-bit detection in asynchronous mode: Low level or falling edge is selectable (SCle/SCIf)

12C bus interface (RIIC)

1 channel

Communications formats:

12C bus format/SMBus format

Master mode or slave mode selectable
Supports fast mode

Serial peripheral interface
(RSPI)

1 channel

Transfer facility

Using the MOSI (master out, slave in), MISO (master in, slave out), SSL (slave select), and RSPI
clock (RSPCK) signals enables serial transfer through SPI operation (four lines) or clock-
synchronous operation (three lines)

Capable of handling serial transfer as a master or slave

Data formats

Choice of LSB first or MSB first transfer

The number of bits in each transfer can be changed to 8, 9, 10, 11, 12, 13, 14, 15, 16, 20, 24, or
32 bits.

128-bit buffers for transmission and reception

Up to four frames can be transmitted or received in a single transfer operation (with each frame
having up to 32 bits)

Double buffers for both transmission and reception

12-bit A/D converter (S12ADb)

1 unit (1 unit x 14 channels)

12-bit resolution

Minimum conversion time: 1.0 us per channel when the ADCLK is operating at 32 MHz
Operating modes

Scan mode (single scan mode, continuous scan mode, and group scan mode)

Double trigger mode (duplication of A/D conversion data)

A/D conversion start conditions

A software trigger, a trigger from a timer (MTU), or an external trigger signal

Temperature sensor (TEMPSA)

1 channel
The voltage of the temperature is converted into a digital value by the 12-bit A/D converter.

CRC calculator (CRC)

CRC code generation for arbitrary amounts of data in 8-bit units

Select any of three generating polynomials:

X8+ X2+ X+1, X164+ X154+ X2+ 1, 0or X16 + X12 + X5+ 1

Generation of CRC codes for use with LSB first or MSB first communications is selectable.
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RX110 Group 1. Overview

Table 1.4 Pin Functions (2/3)

Classifications  Pin Name I/0 Description

Serial o Simple 12C mode
communications

interface (SCle) SSCL1, SSCL5 110 Input/output pins for the 12C clock.
SSDA1, SSDA5 110 Input/output pins for the 12C data.
e Simple SPI mode
SCK1, SCK5 110 Input/output pins for the clock.
SMISO1, SMISO5 1/0 Input/output pins for slave transmit data.
SMOSI1, SMOSI5 1/0 Input/output pins for master transmit data.
SS1#, SS5# Input Chip-select input pins.
Serial e Asynchronous mode/clock synchronous mode
?nigggzigg’gs SCK12 110 Input/output pin for the clock.
RXD12 Input Input pin for receiving data.
TXD12 Output  Output pin for transmitting data.
CTS12# Input Input pin for controlling the start of transmission and reception.
RTS12# Output  Output pin for controlling the start of transmission and reception.

o Simple 12C mode

SSCL12 110 Input/output pin for the 12C clock.
SSDA12 1/10 Input/output pin for the 12C data.
e Simple SPI mode
SCK12 1/0 Input/output pin for the clock.
SMISO12 1/0 Input/output pin for slave transmit data.
SMOSI12 1/0 Input/output pin for master transmit data.
SSi12# Input Chip-select input pin.
e Extended serial mode
RXDX12 Input Input pin for data reception by SCIf.
TXDX12 Output  Output pin for data transmission by SCIf.
SIOX12 110 Input/output pin for data reception or transmission by SCIf.
I2C bus interface SCLO 110 Input/output pin for 12C bus interface clocks. Bus can be directly driven by
the N-channel open drain output.
SDAO 1/0 Input/output pin for 12C bus interface data. Bus can be directly driven by the
N-channel open drain output.
Serial peripheral RSPCKA 1/0 Input/output pin for the RSPI clock.
interface MOSIA 110 Input/output pin for transmitting data from the RSPI master.
MISOA 1/0 Input/output pin for transmitting data from the RSPI slave.
SSLAO 1/0 Input/output pin to select the slave for the RSPI.
SSLA1 to SSLA3 Output  Output pins to select the slave for the RSPI.
12-bit A/ID ANOOO to ANO04, ANOO6, Input Input pins for the analog signals to be processed by the A/D converter.
converter ANOO08 to AN015
ADTRGO# Input Input pin for the external trigger signals that start the A/D conversion.
1/0O ports P03, PO5 I/O 2-bit input/output pins.
P14 to P17 1/0 4-bit input/output pins.
P26, P27 110 2-bit input/output pins.
P30 to P32, P35 110 4-bit input/output pins (P35 input pin).
P40 to P44, P46 110 6-bit input/output pins.
P54, P55 110 2-bit input/output pins.
PAQ, PA1, PA3, PA4, PA6 I/0 5-bit input/output pins.
PBO, PB1, PB3, PB5 to PB7 1/0 6-bit input/output pins.
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RX110 Group 1. Overview
Table 1.5 List of Pins and Pin Functions (64-Pin LFQFP/LQFP) (1/2)

Pin Power Supply, Clock, Communication

No. System Control 1/0 Port Timers (MTU, RTC) (SCle, SCIf, RSPI, RIIC) Others

1 P03

2 P27 MTIOC2B SCK1/SCK12 IRQ3/CMPA2/

CACREF/ADTRGO#

3 P26 MTIOC2A TXD1/SMOSI1/SSDA1

4 P30 RXD1/SMISO1/SSCL1 IRQO

5 P31 CTSI#/RTS1#/SS1# IRQ1

6 MD FINED

7 RES#

8 XCouT

9 XCIN PH7

10 P35 NMI

11 XTAL

12 EXTAL

13 VCL

14 VSS

15 VCC

16 P32 MTIOCOC/RTCOUT IRQ2

17 P17 MTIOCOC SCK1/MISOA/SDAO/RXD12/RXDX12/  IRQ7

SMISO12/SSCL12

18 P16 RTCOUT TXD1/SMOSI1/SSDA1/MOSIA/SCLO IRQ6/ADTRGO#

19 P15 MTIOCOB/MTCLKB RXD1/SMISO1/SSCL1/RSPCKA IRQ5/CLKOUT

20 P14 MTIOCOA/MTCLKA CTS1#/RTS1#/SS1#/SSLAO/TXD12/ IRQ4

TXDX12/SI0X12/SMOSI12/SSDA12

21 PH3 MTIOC1A

22 PH2 IRQ1

23 PH1 IRQO

24 PHO MTIOC1B CACREF

25 P55

26 P54

27 PC7 MTCLKB TXD1/SMOSI1/SSDA1/MISOA CACREF

28 PC6 MTCLKA RXD1/SMISO1/SSCL1/MOSIA

29 PC5 MTCLKD SCK1/RSPCKA

30 PC4 MTCLKC SCK5/SSLAO IRQ2/CLKOUT

31 PC3 TXD5/SMOSI5/SSDA5

32 pPC2 RXD5/SMISO5/SSCL5/SSLA3

33 PB7/PC1

34 PB6/PCO

35 PB5 MTIOC2A/MTIOC1B

36 PB3 MTIOCOA

37 PB1 MTIOCO0C IRQ4

38 VCC

39 PBO MTIC5W/MTIOCOC/ SCLO/RSPCKA IRQ2/ADTRGO#
RTCOUT

40 VSS

41 PA6 MTIC5V/MTCLKB/MTIOC2A  CTS5#/RTS5#/SS5#/SDA0/MOSIA IRQ3

42 PA4 MTIC5U/MTCLKA/MTIOC2B  TXD5/SMOSI5/SSDA5/SSLAO IRQ5

43 PA3 MTIOCOD/MTCLKD/ RXD5/SMISO5/SSCL5/MISOA IRQ6
MTIOC1B

44 PAL MTIOCOB/MTCLKC/ SCK5/SSLA2
RTCOUT
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RX110 Group 1. Overview

Table 1.7 List of Pins and Pin Functions (48-Pin LFQFP/HWQFN) (2/2)

Pin Power Supply, Clock, Communication

No. System Control 1/0 Port Timers (MTU, RTC) (SCle, SCIf, RSPI, RIIC) Others
45 P40*1 AN00O
46 VREFHO PJ6*1

47 AVSSO

48 AVCCO

Note 1. The power source of the 1/O buffer for these pins is AVCCO.
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RX110 Group

1. Overview

Table 1.8 List of Pins and Pin Functions (40-Pin HWQFN)

Pin Power Supply, Clock, Communication

No. System Control 1/0 Port Timers (MTU, RTC) (SCle, SCIf, RSPI, RIIC) Others

1 P27 MTIOC2B SCK1/SCK12 IRQ3/CMPA2/

CACREF/ADTRGO#

2 P26 MTIOC2A TXD1/SMOSI1/SSDAL

3 MD FINED

4 RES#

5 P35 NMI

6 XTAL

7 EXTAL

8 VCL

9 VSS

10 vce

11 P32 MTIOCOC IRQ2

12 P17 MTIOCOC SCK1/MISOA/SDAO/RXD12/RXDX12/ IRQ7
SMISO12/SSCL12

13 P16 TXD1/SMOSI1/SSDA1/SCLO/MOSIA IRQ6/ADTRGO#

14 P15 MTIOCOB/MTCLKB RXD1/SMISO1/SSCL1/RSPCKA IRQ5/CLKOUT

15 P14 MTIOCOA/MTCLKA CTSI#/RTS1#/SS1#/SSLAO/TXD12/ IRQ4
TXDX12/SIOX12/SMOSI12/SSDA12

16 PH3 MTIOC1A

17 PH2 IRQ1

18 PH1 IRQO

19 PHO MTIOC1B CACREF

20 PC4 MTCLKC SCK5/SSLAO IRQ2/CLKOUT

21 PB3 MTIOCOA

22 vce

23 PBO MTIOCOC/MTIC5W SCLO/RSPCKA IRQ2/ADTRGO#

24 VSS

25 PA6 MTIOC2A/MTIC5V/IMTCLKB ~ CTS5#/RTS5#/SS5#/SDAO/MOSIA IRQ3

26 PA4 MTIOC2B/MTIC5U/MTCLKA  TXD5/SMOSI5/SSDA5/SSLAO IRQ5

27 PA3 MTIOCOD/MTIOC1B/ RXD5/SMISO5/SSCL5/MISOA IRQ6

MTCLKD

28 PAL MTIOCOB/MTCLKC SCK5/SSLA2

29 PE4 MTIOC1A MOSIA IRQ4/ANO12

30 PE3 MTIOCOA/MTIOC1B CTS12#/RTS12#/SS12#/RSPCKA IRQ3/ANO11

31 PE2 RXD12/RXDX12/SMISO12/SSCL12 IRQ7/AN010

32 PE1 TXD12/TXDX12/SIOX12/SMOSI12/ IRQ1/ANO09
SSDA12

33 PEO MTIOC2A SCK12 IRQO/AN008

34 P46*1 AN006

35 p42+1 AN002

36 P41+l AN001

37 VREFLO pPJ7*1

38 VREFHO PJ6*L

39 AVSSO

40 AVCCO

Note 1. The power source of the I/O buffer for these pins is AVCCO.
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RX110 Group

4. 1/0 Registers

Table 4.1 List of 1/O Registers (Address Order) (5/13)
Module Register Numberof  Access
Address Symbol Register Name Symbol Bits Size Number of Access States
0008 73DEh  ICU Interrupt Source Priority Register 222 IPR222 8 8 2ICLK
0008 73EEh  ICU Interrupt Source Priority Register 238 IPR238 8 8 2 ICLK
0008 73F2h  ICU Interrupt Source Priority Register 242 IPR242 8 8 2ICLK
0008 73F3h  ICU Interrupt Source Priority Register 243 IPR243 8 8 2ICLK
0008 73F4h  ICU Interrupt Source Priority Register 244 IPR244 8 8 2ICLK
0008 73F5h  ICU Interrupt Source Priority Register 245 IPR245 8 8 2 ICLK
0008 73F6h  ICU Interrupt Source Priority Register 246 IPR246 8 8 2ICLK
0008 73F7h  ICU Interrupt Source Priority Register 247 IPR247 8 8 2 ICLK
0008 73F8h  ICU Interrupt Source Priority Register 248 IPR248 8 8 2ICLK
0008 73F9h  ICU Interrupt Source Priority Register 249 IPR249 8 8 2 ICLK
0008 7500h  ICU IRQ Control Register 0 IRQCRO 8 8 2ICLK
0008 7501h ICU IRQ Control Register 1 IRQCR1 8 8 2 ICLK
0008 7502h  ICU IRQ Control Register 2 IRQCR2 8 8 2ICLK
0008 7503h  ICU IRQ Control Register 3 IRQCR3 8 8 2 ICLK
0008 7504h  ICU IRQ Control Register 4 IRQCR4 8 8 2ICLK
0008 7505h  ICU IRQ Control Register 5 IRQCR5 8 8 2 ICLK
0008 7506h  ICU IRQ Control Register 6 IRQCR6 8 8 2ICLK
0008 7507h  ICU IRQ Control Register 7 IRQCR7 8 8 2 ICLK
0008 7510h  ICU IRQ Pin Digital Filter Enable Register 0 IRQFLTEO 8 8 2ICLK
0008 7514h  ICU IRQ Pin Digital Filter Setting Register 0 IRQFLTCO 16 16 2 ICLK
0008 7580h  ICU Non-Maskable Interrupt Status Register NMISR 8 8 2ICLK
0008 7581h  ICU Non-Maskable Interrupt Enable Register NMIER 8 8 2ICLK
0008 7582h  ICU Non-Maskable Interrupt Status Clear Register NMICLR 8 8 2ICLK
0008 7583h  ICU NMI Pin Interrupt Control Register NMICR 8 8 2 ICLK
0008 7590h  ICU NMI Pin Digital Filter Enable Register NMIFLTE 8 8 2ICLK
0008 7594h  ICU NMI Pin Digital Filter Setting Register NMIFLTC 8 8 2ICLK
0008 8000h  CMT Compare Match Timer Start Register 0 CMSTRO 16 16 2 or 3 PCLKB
0008 8002h  CMTO Compare Match Timer Control Register CMCR 16 16 2 or 3 PCLKB
0008 8004h  CMTO Compare Match Timer Counter CMCNT 16 16 2 or 3 PCLKB
0008 8006h  CMTO Compare Match Timer Constant Register CMCOR 16 16 2 or 3 PCLKB
0008 8008h  CMT1 Compare Match Timer Control Register CMCR 16 16 2 or 3PCLKB
0008 800Ah  CMT1 Compare Match Timer Counter CMCNT 16 16 2 or 3 PCLKB
0008 800Ch CMT1 Compare Match Timer Constant Register CMCOR 16 16 2 or 3 PCLKB
0008 8030h  IWDT IWDT Refresh Register IWDTRR 8 8 2 or 3 PCLKB
0008 8032h  IWDT IWDT Control Register IWDTCR 16 16 2 or 3 PCLKB
0008 8034h  IWDT IWDT Status Register IWDTSR 16 16 2 or 3 PCLKB
0008 8036h  IWDT IWDT Reset Control Register IWDTRCR 8 8 2 or 3 PCLKB
0008 8038h  IWDT IWDT Count Stop Control Register IWDTCSTPR 8 8 2 or 3 PCLKB
0008 8280h  CRC CRC Control Register CRCCR 8 8 2 or 3 PCLKB
0008 8281h CRC CRC Data Input Register CRCDIR 8 8 2 or 3 PCLKB
0008 8282h  CRC CRC Data Output Register CRCDOR 16 16 2 or 3 PCLKB
0008 8300h  RIICO 12C Bus Control Register 1 ICCR1 8 8 2 or 3 PCLKB
0008 8301h  RIICO 12C Bus Control Register 2 ICCR2 8 8 2 or 3 PCLKB
0008 8302h  RIICO 12C Bus Mode Register 1 ICMR1 8 8 2 or 3 PCLKB
0008 8303h  RIICO 12C Bus Mode Register 2 ICMR2 8 8 2 or 3 PCLKB
0008 8304h  RIICO 12C Bus Mode Register 3 ICMR3 8 8 2 or 3 PCLKB
0008 8305h  RIICO 12C Bus Function Enable Register ICFER 8 8 2 or 3 PCLKB
0008 8306h  RIICO 12C Bus Status Enable Register ICSER 8 8 2 or 3 PCLKB
0008 8307h  RIICO 12C Bus Interrupt Enable Register ICIER 8 8 2 or 3PCLKB
0008 8308h  RIICO 12C Bus Status Register 1 ICSR1 8 8 2 or 3 PCLKB
0008 8309h  RIICO 12C Bus Status Register 2 ICSR2 8 8 2 or 3 PCLKB
0008 830Ah  RIICO Slave Address Register LO SARLO 8 8 2 or 3 PCLKB
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RX110 Group

4. 1/0 Registers

Table 4.1 List of 1/O Registers (Address Order) (6/13)
Module Register Numberof  Access
Address Symbol Register Name Symbol Bits Size Number of Access States
0008 830Ah  RIICO Timeout Internal Counter L TMOCNTL 8 8 2 or 3PCLKB
0008 830Bh  RIICO Slave Address Register U0 SARUO 8 8 2 or 3 PCLKB
0008 830Bh  RIICO Timeout Internal Counter U TMOCNTU 8 g+l 2 or 3 PCLKB
0008 830Ch  RIICO Slave Address Register L1 SARL1 8 8 2 or 3 PCLKB
0008 830Dh  RIICO Slave Address Register Ul SARU1 8 8 2 or 3PCLKB
0008 830Eh  RIICO Slave Address Register L2 SARL2 8 8 2 or 3 PCLKB
0008 830Fh  RIICO Slave Address Register U2 SARU2 8 8 2 or 3 PCLKB
0008 8310h  RIICO 12C Bus Bit Rate Low-Level Register ICBRL 8 8 2 or 3 PCLKB
0008 8311h  RIICO 12C Bus Bit Rate High-Level Register ICBRH 8 8 2 or 3 PCLKB
0008 8312h  RIICO 12C Bus Transmit Data Register ICDRT 8 8 2 or 3 PCLKB
0008 8313h  RIICO 12C Bus Receive Data Register ICDRR 8 8 2 or 3 PCLKB
0008 8380h  RSPIO RSPI Control Register SPCR 8 8 2 or 3 PCLKB
0008 8381h  RSPIO RSPI Slave Select Polarity Register SSLP 8 8 2 or 3PCLKB
0008 8382h  RSPIO RSPI Pin Control Register SPPCR 8 8 2 or 3 PCLKB
0008 8383h  RSPIO RSPI Status Register SPSR 8 8 2 or 3 PCLKB
0008 8384h  RSPIO RSPI Data Register SPDR 32 16, 32 2 or 3 PCLKB/2ICLK
0008 8388h  RSPIO RSPI Sequence Control Register SPSCR 8 8 2 or 3 PCLKB
0008 8389h  RSPIO RSPI Sequence Status Register SPSSR 8 8 2 or 3 PCLKB
0008 838Ah  RSPIO RSPI Bit Rate Register SPBR 8 8 2 or 3PCLKB
0008 838Bh  RSPIO RSPI Data Control Register SPDCR 8 8 2 or 3 PCLKB
0008 838Ch  RSPIO RSPI Clock Delay Register SPCKD 8 8 2 or 3PCLKB
0008 838Dh  RSPIO RSPI Slave Select Negation Delay Register SSLND 8 8 2 or 3 PCLKB
0008 838Eh  RSPIO RSPI Next-Access Delay Register SPND 8 8 2 or 3PCLKB
0008 838Fh  RSPIO RSPI Control Register 2 SPCR2 8 8 2 or 3 PCLKB
0008 8390h  RSPIO RSPI Command Register 0 SPCMDO 16 16 2 or 3 PCLKB
0008 8392h  RSPIO RSPl Command Register 1 SPCMD1 16 16 2 or 3 PCLKB
0008 8394h  RSPIO RSPI Command Register 2 SPCMD2 16 16 2 or 3 PCLKB
0008 8396h  RSPIO RSPI Command Register 3 SPCMD3 16 16 2 or 3 PCLKB
0008 8398h  RSPIO RSPI Command Register 4 SPCMD4 16 16 2 or 3 PCLKB
0008 839Ah  RSPIO RSPI Command Register 5 SPCMD5 16 16 2 or 3 PCLKB
0008 839Ch  RSPIO RSPI Command Register 6 SPCMD6 16 16 2 or 3 PCLKB
0008 839Eh  RSPIO RSPI Command Register 7 SPCMD7 16 16 2 or 3 PCLKB
0008 8680h  MTU Timer Start Register TSTR 8 8, 16 2 or 3PCLKB
0008 8681h  MTU Timer Synchronous Register TSYR 8 8,16 2 or 3 PCLKB
0008 8690h  MTUO Noise Filter Control Register NFCR 8 8, 16 2 or 3 PCLKB
0008 8691h MTU1 Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB
0008 8692h  MTU2 Noise Filter Control Register NFCR 8 8, 16 2 or 3 PCLKB
0008 8695h  MTUS Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB
0008 8700h  MTUO Timer Control Register TCR 8 8 2 or 3 PCLKB
0008 8701h  MTUO Timer Mode Register TMDR 8 8 2 or 3 PCLKB
0008 8702h  MTUO Timer /O Control Register H TIORH 8 8 2 or 3 PCLKB
0008 8703h  MTUO Timer I/O Control Register L TIORL 8 8 2 or 3 PCLKB
0008 8704h  MTUO Timer Interrupt Enable Register TIER 8 8 2 or 3 PCLKB
0008 8705h  MTUO Timer Status Register TSR 8 8 2 or 3 PCLKB
0008 8706h  MTUO Timer Counter TCNT 16 16 2 or 3 PCLKB
0008 8708h  MTUO Timer General Register A TGRA 16 16 2 or 3 PCLKB
0008 870Ah  MTUO Timer General Register B TGRB 16 16 2 or 3 PCLKB
0008 870Ch  MTUO Timer General Register C TGRC 16 16 2 or 3 PCLKB
0008 870Eh  MTUO Timer General Register D TGRD 16 16 2 or 3 PCLKB
0008 8720h  MTUO Timer General Register E TGRE 16 16 2 or 3 PCLKB
0008 8722h  MTUO Timer General Register F TGRF 16 16 2 or 3 PCLKB
0008 8724h  MTUO Timer Interrupt Enable Register 2 TIER2 8 8 2 or 3 PCLKB
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RX110 Group

4. 1/0 Registers

Table 4.1 List of 1/O Registers (Address Order) (9/13)
Module Register Numberof  Access
Address Symbol Register Name Symbol Bits Size Number of Access States
0008 B082h  DOC DOC Data Input Register DODIR 16 16 2 or 3PCLKB
0008 B084h DOC DOC Data Setting Register DODSR 16 16 2 or 3 PCLKB
0008 B300h  SCI12 Serial Mode Register SMR 8 8 2 or 3PCLKB
0008 B301h SCl12 Bit Rate Register BRR 8 8 2 or 3 PCLKB
0008 B302h  SCI12 Serial Control Register SCR 8 8 2 or 3PCLKB
0008 B303h  SCl12 Transmit Data Register TDR 8 8 2 or 3 PCLKB
0008 B304h  SCI12 Serial Status Register SSR 8 8 2 or 3PCLKB
0008 B305h  SCl12 Receive Data Register RDR 8 8 2 or 3 PCLKB
0008 B306h  SCI12 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB
0008 B307h  SCl12 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB
0008 B308h  SCI12 Noise Filter Setting Register SNFR 8 8 2 or 3PCLKB
0008 B309h  SCl12 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB
0008 B30Ah  SCI12 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB
0008 B30Bh  SCl12 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB
0008 B30Ch  SCI12 12C Status Register SISR 8 8 2 or 3 PCLKB
0008 B30Dh  SCl12 SPI Mode Register SPMR 8 8 2 or 3 PCLKB
0008 B320h  SCI12 Extended Serial Mode Enable Register ESMER 8 8 2 or 3PCLKB
0008 B321h  SCl12 Control Register 0 CRO 8 8 2 or 3 PCLKB
0008 B322h  SCI12 Control Register 1 CR1 8 8 2 or 3PCLKB
0008 B323h  SCl12 Control Register 2 CR2 8 8 2 or 3 PCLKB
0008 B324h  SCI12 Control Register 3 CR3 8 8 2 or 3PCLKB
0008 B325h  SCl12 Port Control Register PCR 8 8 2 or 3 PCLKB
0008 B326h  SCI12 Interrupt Control Register ICR 8 8 2 or 3PCLKB
0008 B327h  SCl12 Status Register STR 8 8 2 or 3 PCLKB
0008 B328h  SCI12 Status Clear Register STCR 8 8 2 or 3PCLKB
0008 B329h  SCl12 Control Field 0 Data Register CFODR 8 8 2 or 3 PCLKB
0008 B32Ah  SCI12 Control Field 0 Compare Enable Register CFOCR 8 8 2 or 3 PCLKB
0008 B32Bh  SCl12 Control Field 0 Receive Data Register CFORR 8 8 2 or 3 PCLKB
0008 B32Ch SCl12 Primary Control Field 1 Data Register PCF1DR 8 8 2 or 3 PCLKB
0008 B32Dh  SCI12 Secondary Control Field 1 Data Register SCF1DR 8 8 2 or 3 PCLKB
0008 B32Eh  SCI12 Control Field 1 Compare Enable Register CF1CR 8 8 2 or 3 PCLKB
0008 B32Fh  SCI12 Control Field 1 Receive Data Register CF1RR 8 8 2 or 3 PCLKB
0008 B330h  SCI12 Timer Control Register TCR 8 8 2 or 3 PCLKB
0008 B331h  SCl12 Timer Mode Register TMR 8 8 2 or 3 PCLKB
0008 B332h  SCl12 Timer Prescaler Register TPRE 8 8 2 or 3 PCLKB
0008 B333h  SCl12 Timer Count Register TCNT 8 8 2 or 3 PCLKB
0008 CO00h  PORTO Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C001h PORT1 Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C002h  PORT2 Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C003h  PORT3 Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C004h PORT4 Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C005h  PORTS Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 CO0Ah  PORTA Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 CO0Bh PORTB Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 COOCh PORTC Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 COOEh PORTE Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 CO11h PORTH Port Direction Register PDR 8 8 2 or 3PCLKB
0008 C012h PORTJ Port Direction Register PDR 8 8 2 or 3 PCLKB
0008 C020h PORTO Port Output Data Register PODR 8 8 2 or 3 PCLKB
0008 C021h PORT1 Port Output Data Register PODR 8 8 2 or 3 PCLKB
0008 C022h  PORT2 Port Output Data Register PODR 8 8 2 or 3 PCLKB
0008 C023h  PORT3 Port Output Data Register PODR 8 8 2 or 3 PCLKB
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Table 5.7 DC Characteristics (5) (1/2)
Conditions: 1.8V =<VCC=<3.6V,18V=<AVCCO0<3.6V,VSS=AVSS0=0V, T,=-40to +105°C
Item Symbol 'I;)gp Max | Unit Cor-:-c(iei;tons
Supply High-speed Normal No peripheral operation*2 | ICLK = 32 MHz lcc 3.2 — mA
current*l | operating mode | operating ICLK = 16 MHZ 21 —
mode
ICLK = 8 MHz 1.5 —
All peripheral operation: ICLK =32 MHz 9.6 —_
Normal<3 ICLK = 16 MHz 56 | —
ICLK = 8 MHz 3.5 —
All peripheral operation: ICLK = 32 MHz — 21.6
Max.*3
Sleep mode No peripheral operation*2 | ICLK = 32 MHz 15 —
ICLK = 16 MHz 1.2 —
ICLK = 8 MHz 1.0 —
All peripheral operation: ICLK =32 MHz 5.1 —_
Normal3 ICLK = 16 MHz 31 | —
ICLK = 8 MHz 2.0 —
Deep sleep No peripheral operation*2 | ICLK = 32 MHz 1.0 —
mode ICLK = 16 MHz 080 | —
ICLK = 8 MHz 0.70 —
All peripheral operation: ICLK = 32 MHz 3.4 —
Normal*® ICLK = 16 MHz 22 | —
ICLK = 8 MHz 1.5 —_
Middle-speed Normal No peripheral operation*> | ICLK = 12 MHz lcc 17 — mA
operating modes | operating ICLK = 8 MHz 13 —
mode
ICLK =1 MHz 0.72 —
All peripheral operation: ICLK =12 MHz 4.2 —_
Normal® ICLK = 8 MHz 33 | —
ICLK =1 MHz 1.2 —
All peripheral ICLK = 12 MHz — 10
operation: Max.*6
Sleep mode No peripheral operation*> | ICLK = 12 MHz 1.0 —
ICLK = 8 MHz 0.82 —
ICLK =1 MHz 0.65 —
All peripheral operation: ICLK =12 MHz 2.3 —
Normale ICLK = 8 MHz 19 | —
ICLK =1 MHz 1.0 —
Deep sleep No peripheral operation*5 | ICLK = 12 MHz 0.8 —
mode ICLK = 8 MHz 066 | —
ICLK =1 MHz 0.58 —
All peripheral operation: ICLK = 12 MHz 1.6 —
Normal<® ICLK = 8 MHz 15 | —
ICLK =1 MHz 0.87 —
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Table 5.17 Output Voltage (1)
Conditions: 2.7V<VCC=<3.6V,27V<AVCCO0<3.6V,VSS=AVSS0=0V, T,=-40to +10°C
Item Symbol Min. Max. Unit Test Conditions
Low-level All output ports VoL — 0.6 \Y loL =3.0mA
output voltage :)iﬁser;t‘]fso‘rlf‘]”?():, ports P40 to P44, P46, — 0.4 lo, = 1.5 mA
Ports P40 to P44, P46, ports PJ6, PJ7 — 0.4 loL = 0.4 mA
RIIC pins Standard mode — 0.4 loL =3.0 mA
Fast mode — 0.6 loL = 6.0 mA
High-level All output ports (except for ports P40 to P44, Von VCC-0.5 — \% loy=—-2.0mA
output voltage | P46, ports PJ6, PJ7)
Ports P40 to P44, P46, ports PJ6, PJ7 AVCCO0-0.5 — loy =-0.1 mA

Table 5.18 Output Voltage (2)
Conditions: 1.8V <VCC=<27V,18V=<AVCC0<27V,VSS=AVSS0=0V, T, =-40to +105°C
Item Symbol Min. Max. Unit Test Conditions
Low-level All output ports Vo — 0.6 \Y loL = 1.5 mA
output voltage | (except for ports P40 to P44, P46,
ports PJ6, PJ7)
Ports P40 to P44, P46, ports PJ6, PJ7 — 0.4 loL=0.4mA
High-level All output ports (except for ports P40 to P44, Von VCC-0.5 — \% loy =-1.0 mA
output voltage | P46, ports PJ6, PJ7)
Ports P40 to P44, P46, ports PJ6, PJ7 AVCCO - 0.5 — lon =—0.1 mA
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Figure 5.9 Von/VoL and lgy/lg. Temperature Characteristics of General Ports (Except for the RIIC
Output Pin, Ports P40 to P44, P46, Ports PJ6, PJ7) at VCC = 2.7 V (Reference Data)
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Figure 5.10 Vgup/VoL and Igy/lo. Temperature Characteristics of General Ports (Except for the RIIC
Output Pin, Ports P40 to P44, P46, Ports PJ6, PJ7) at VCC = 3.3 V (Reference Data)
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Table 5.22  Clock Timing
Conditions: 1.8V<VCC<36V,1.8V=<AVCC0=<3.6V,VSS=AVSS0=0V, T,=-40to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
XTAL external clock input cycle time txeye 50 — — ns |Figure 5.18
XTAL external clock input high pulse width txn 20 — — ns
XTAL external clock input low pulse width Iy 20 — — ns
XTAL external clock rising time tyr — — 5 ns
XTAL external clock falling time s — — 5 ns
XTAL external clock input wait time*1 tExwT 0.5 — — us
Main clock oscillator oscillation frequency 24<VCC=<36 fvain 1 — 20 MHz
1.8<VCC <24 1 — 8
Main clock oscillation stabilization time (crystal)*2 tmaINOSC — 3 — ms | Figure 5.20
Main clock oscillation stabilization time (ceramic resonator)*2 tvaINOSC — 50 ps
LOCO clock oscillation frequency fLoco 3.44 4.0 4.56 MHz
LOCO clock oscillation stabilization time t oco — — 0.5 ps | Figure 5.21
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 | kHz
IWDT-dedicated clock oscillation stabilization time tiLoco — — 50 us | Figure 5.19
HOCO clock oscillation frequency fuoco 31.52 32 32.48 | MHz | T,=-401085°C
31.68 32 32.32 T, =-20to0 85°C
31.36 32 32.64 T, =—401t0 105°C
HOCO clock oscillation stabilization time thoco?2 — — 56 ps | Figure 5.23
Sub-clock oscillator oscillation frequency*4 fsus — 32.768 — kHz
Sub-clock oscillation stabilization time*3 tsusosc — 0.5 — s |Figure 5.24

Note 1. Time until the clock can be used after the main clock oscillator stop bit (MOSCCR.MOSTP) is set to 0 (operating) when the
external clock is stable.

Note 2. Reference values when an 8-MHz oscillator is used.

When specifying the main clock oscillator stabilization time, set the MOSCWTCR register with a stabilization time value that is
equal to or greater than the oscillator-manufacturer-recommended value.

After changing the setting of the MOSCCR.MOSTP bit so that the main clock oscillator operates, read the OSCOVFSR.MOOVF
flag to confirm that is has become 1, and then start using the main clock.

Note 3. After changing the setting of the SOSCCR.SOSTP bit or RCR3.RTCEN bit so that the sub-clock oscillator operates, only start
using the sub-clock after the sub-clock oscillation stabilization wait time that is equal to or greater than the oscillator-
manufacturer-recommended value has elapsed.

Reference value when a 32.768-kHz resonator is used.

Note 4. Only 32.768 kHz can be used.

texn L texL

| vcc x0.5

XTAL external clock input

texr text

Figure 5.18 XTAL External Clock Input Timing
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5.3.5 Timing of On-Chip Peripheral Modules

Table 5.30 Timing of On-Chip Peripheral Modules (1)
Conditions: 1.8V<VCC=<3.6V,1.8V=<AVCC0=<3.6V,VSS=AVSS0=0V, T,=-40to +105°C

Item Symbol Min. Max. | Unit*1 Cor-:-:izgns
I/0 ports | Input data pulse width tpRw 15 — tpeyc | Figure 5.32
MTU2 Input capture input pulse width Single-edge setting tricw 15 — tpeyc | Figure 5.33
Both-edge setting 25 —
Timer clock pulse width Single-edge setting trekwH, 15 — tpeyc | Figure 5.34
Both-edge setting trekwL 25 —
Phase counting mode 25 —
SCI Input clock cycle Asynchronous tseyc 4 — tpeyc | Figure 5.35
Clock synchronous 6 —
Input clock pulse width tsckw 0.4 0.6 tseyc
Input clock rise time tscr — 20 ns
Input clock fall time tsckf — 20 ns
Output clock cycle Asynchronous tseye 16 — tpcyc | Figure 5.36
Clock synchronous 4 — C=30pF
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rise time tsckr — 20 ns
Output clock fall time tsckf — 20 ns
Transmit data delay time | Clock synchronous trxp — 40 ns
(master)
Transmit data delay time | Clock 2.7 V or above — 65 ns
(slave) synchronous 18V or above — 100 ns
Receive data setup time | Clock 2.7V or above trxs 65 — ns
(master) synchronous 18V or above 9 — s
Receive data setup time | Clock synchronous 40 — ns
(slave)
Receive data hold time Clock synchronous tRxH 40 — ns
A/ID Trigger input pulse width trrRew 15 — tpeyc | Figure 5.37
converter
CAC CACREF input pulse width tpeye S teac™? tcacrer | 45 teac * 3 tpeyc — ns
tpeye > teac™? S5tcac + 6.5 tpgyc
CLKOUT | CLKOUT pin output cycle*4 VCC = 2.7 V or above teeye 125 — ns
VCC =1.8V or above 250
CLKOUT pin high pulse width*3 VCC = 2.7 V or above tcH 35 — ns
VCC = 1.8V or above 70
CLKOUT pin low pulse width*3 VCC = 2.7 V or above toL 35 — ns
VCC = 1.8V or above 70
CLKOUT pin output rise time VCC =2.7 V or above ter — 15 ns
VCC = 1.8V or above 30
CLKOUT pin output fall time VCC =2.7 V or above ter — 15 ns
VCC = 1.8V or above 30

Note 1. tpcyc: PCLK cycle

Note 2. tg5c: CAC count clock source cycle

Note 3. When the LOCO is selected as the clock output source (CKOCR.CKOSEL][2:0] bits = 000b), set the clock output division ratio
selection to divided by 2 (CKOCR.CKODIV[2:0] bits = 001b).

Note 4. When the XTAL external clock input or an oscillator is used with divided by 1 (CKOCR.CKOSEL[2:0] bits = 010b and
CKOCR.CKODIV[2:0] bits = 000b) to output from CLKOUT, the above should be satisfied with an input duty cycle of 45 to 55%.
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Table 5.31 Timing of On-Chip Peripheral Modules (2)
Conditions: 1.8V<VCC=<3.6V,1.8V=<AVCCO0<3.6V,VSS=AVSS0=0V, T, =-40to +105°C, C = 30 pF
Item Symbol Min. Max. Unit | Test Conditions
RSPI | RSPCK clock cycle | Master tspeyc 2 4096 tpcyc | Figure 5.39
Slave 8 4096 =
RSPCK clock Master tspekwh | (tspeye — tspekr — — ns
high pulse width tspckp/2 — 3
Slave (tspeyc — tspekr — -
tspcki)/2
RSPCK clock Master tspckwL | (tspeyc — tspckr— — ns
low pulse width tspckp/2 — 3
Slave (tspeyc — tspckr — —
tspcki)/2
RSPCK clock Output | 2.7 V or above tspckr, — 10 ns
rise/fall time 1.8V or above tspckf — 15
Input — 1 us
Data input setup Master | 2.7 V or above tsu 10 — ns | Figure 5.40 to
time 1.8V or above 30 — Figure 5.45
Slave 25 — tpeyc —
Data input hold Master | RSPCK setto a division th tpeyc — ns
time ratio other than PCLKB
divided by 2
RSPCK set to PCLKB tue 0 —
divided by 2
Slave th 20 + 2 X tpeye —
SSL setup time Master tteap | =30 + N*2 x tspeyc — ns
Slave 2 — tpeye
SSL hold time Master ttag | =30+ N*3 X tgpeye — ns
Slave 2 — tpeyc
Data output delay | Master | 2.7 V or above top — 14 ns
time 1.8 V or above — 30
Slave | 2.7V or above — 3 X tpgyc + 65
1.8 V or above — 3 X tpgyc +105
Data output hold Master | 2.7 V or above ton 0 — ns
time 1.8 V or above -20 —
Slave 0 —
Successive Master to tspeye t 2 X tpeye | 8 X tgpeye + 2 X tpeyc ns
:ir:]r;smlssmn delay Slave 4 xtpeye —
MOSI and MISO Output | 2.7 V or above tpr, tof — 10 ns
rise/fall time 1.8V or above — 20
Input — 1 us
SSL rise/fall time Output tssir, — 20 ns
Input tssti — 1 us
Slave access time 2.7 V or above tsa — 6 tpeyc | Figure 5.44,
1.8 V or above — 7 Figure 5.45
Slave output release time 2.7V or above tREL — 5 tpeyc
1.8 V or above — 6

Note 1. tpcyc: PCLK cycle

Note 2. N: An integer from 1 to 8 that can be set by the RSPI clock delay register (SPCKD)
Note 3. N: An integer from 1 to 8 that can be set by the RSPI slave select negation delay register (SSLND)
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Table 5.33 Timing of On-Chip Peripheral Modules (4)
Conditions: 2.7V <VCC<3.6V,27V<AVCC0<3.6V,VSS=AVSS0=0V, fPCLKB < 32 MHz, T, =-40 to +105°C

Item Symbol Min.*1 Max. Unit [Test Conditions

RIIC SCLO input cycle time tscL 6 (12) x tjceyc + 1300 — ns | Figure 5.46
(Ssl\t/laé‘;’gd Mode, 'SCLo input high pulse width teeLn 3(6) * tyceye + 300 — ns

SCLO input low pulse width tscLL 3 (6) x tyceyc + 300 — ns

SCLO, SDAO input rise time tsr — 1000 ns

SCLO, SDAO input fall time tst — 300 ns

SCLO, SDAO input spike pulse removal time tsp 0 1 (4) % tyceye ns

SDAO input bus free time tsur 3 (6) x tyceyc + 300 — ns

START condition input hold time tsTAH ticeye + 300 — ns

Repeated START condition input setup tsTas 1000 — ns

time

STOP condition input setup time tstos 1000 — ns

Data input setup time tspas tiiceye + 50 — ns

Data input hold time tspaH 0 — ns

SCLO, SDAO capacitive load Cp — 400 pF
RIIC SCLO input cycle time tscL 6 (12) x tjjccyc + 600 — ns | Figure 5.46
(Fast mode) SCLO input high pulse width tscLH 3 (6) x tyceyc + 300 — ns

SCLO input low pulse width tscLL 3 (6) * tyceyc + 300 — ns

SCLO, SDAQ input rise time tsr —2 300 ns

SCLO, SDAO input fall time tst —*2 300 ns

SCLO, SDAQ input spike pulse removal time tsp 0 1 (4) % tyceye ns

SDAO input bus free time tsuF 3 (6) * tyceyc + 300 — ns

START condition input hold time tsTAH tiiceyc + 300 — ns

Repeated START condition input setup tsTas 300 — ns

time

STOP condition input setup time tstos 300 — ns

Data input setup time tspas tiiceye + 50 — ns

Data input hold time tspaH 0 — ns

SCLO, SDAO capacitive load Cp — 400 pF

Note:  tyceye: RIIC internal reference count clock (I1ICe) cycle

Note 1. The value in parentheses is used when the ICMR3.NF[1:0] bits are set to 11b while a digital filter is enabled with the ICFER.NFE
bit = 1.

Note 2. The minimum tsr and tsf specifications for fast mode are not set.
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ADTRGO#
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Figure 5.37  A/D Converter External Trigger Input Timing

CLKOUT pin output

teL

ter

Test conditions: Vou = VCC x 0.7, VoL = VCC x 0.3, loy = -1.0 mA, lo. = 1.0 mA, C = 30 pF

Figure 5.38 CLKOUT Output Timing
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Slave select input
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Figure 5.39 RSPI Clock Timing and Simple SPI Clock Timing
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Figure 5.44 RSPI Timing (Slave, CPHA = 0) and Simple SPI Timing (Slave, CKPH = 1)
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Figure 5.45 RSPI Timing (Slave, CPHA = 1) and Simple SPI Timing (Slave, CKPH = 0)
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Viy n
SDAO

Vi 7 K A,

tsur
|« >
—> —> < tsTas —> <t —> | tstos
SCLO
P st o st 7 P!
tss —> tspas
< tspan

Test conditions

Note 1. S, P, and Sr indicate the following conditions, respectively. Vi = VCC x 0.7, Vy = VCC x 0.3

S: START condition
P: STOP condition
Sr: Repeated START condition

Figure 5.46  RIIC Bus Interface Input/Output Timing and Simple I2C Bus Interface Input/Output
Timing
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JEITA Package Code RENESAS Code

Previous Code

MASS (TYP) [g]

P-HWQFN48-7x7-0.50 PWQNO0048KB-A

48PJN-A
P48K8-50-5B4-5

0.13

© 2012 Renesas Electronics Corporation. All rights reserved.

DETAILOF (A) PART

(.

Referance Dimension in Millimeters
Symbol | Min Nom | Max
D 6.95 | 7.00 | 7.05
D2 E 6.95 | 7.00 | 7.05
A 070 | 075 | 080
EXPOSED DIE PAD
; / b 0.18 0.25 0.30
12
UUUUUUUUUUUU 1, [e] — | 080 | —
48P = Lp 030 | 040 | 050
> d T
= d X 0.05
B P d y — — | 005
] d
») + d E2
] d
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B g ITEM D2 E2
S d MIN [NOMMAX| MIN [NOM[MAX
37D 5 EXPOSED
DIE PAD A |5.45(5.50/5.555.45|5.50|5.55
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36 25
—Lp e
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Figure E  48-Pin HWQFN (PWQNO0048KB-A)
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Appendix 1. Package Dimensions

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-HWQFN40-6x6-0.50

PWQNO0040KC-A

P40K8-50-4B4-4

0.09

© 2012 Renesas Electronics Corporation. All rights reserved.

D
DETAIL OF (A) PART
+ E
A
S
ml=
Referance Dimension in Millimeters
Symbol | Min Nom | Max
D 595 | 6.00 6.05
E 595 | 6.00 6.05
D2 A 070 | 075 | 0.80
b 0.18 025 | 0.30
A
1 o /EXPOSED DIE PAD BT — om0 | —
DUUUUUUUUUU’_H Lp 0.30 | 040 | 050
40 = E X — — 0.05
) (- y — — 0.05
=) d
D C
= + o E2
D [an
D (= ITEM D2 E2
-») (an MIN [NOM[MAX| MIN [INOM[MAX
31P S5p EXPOSED
DIE PAD A |4.45|4.50|4.55|4.45/4.50|4.55)
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Figure E  40-Pin HWQFN (PWQNO040KC-A)
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