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computers on a single chip, containing a processor core,
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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RX111 Group 1. Overview

Table 1.1 Outline of Specifications (3/3)

Classification Module/Function Description
Communication USB 2.0 host/function e USB Device Controller (UDC) and transceiver for USB 2.0 are incorporated.
function module (USBc) e Host (32-Kbyte or more ROM)/function module: 1 port

Compliant with USB version 2.0

Transfer speed: Full-speed (12 Mbps), low-speed (1.5 Mbps)
OTG (On-The-Go) is supported.

Isochronous transfer is supported.

BC (Battery Charger) is supported.

12-bit A/D converter (S12ADb) 1 unit (1 unit x 14 channels)

12-bit resolution

Minimum conversion time: 1.0 ps 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), an external trigger signal, or ELC

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

Temperature sensor (TEMPSA)

D/A converter (DA) 2 channels
8-bit resolution

Output voltage: 0 V to VCC

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, X16+X15+X2+1 orX16+ X124+ X5+ 1

e Generation of CRC codes for use with LSB first or MSB first communications is selectable.

Data operation circuit (DOC) Comparison, addition, and subtraction of 16-bit data

Unique ID 32-byte ID code for the MCU

Power supply voltages/Operating frequencies VCC=1.8t02.4V:8MHz, VCC =2.41t02.7 V: 16 MHz, VCC = 2.7 t0 3.6 V: 32 MHz
Supply current 3.2 mA at 32 MHz (typ.)

Operating temperature range D version: —40 to +85°C, G version: —40 to +105°C

Packages 64-pin LFQFP (PLQP0064KB-A) 10 x 10 mm, 0.5 mm pitch

64-pin LQFP (PLQPO064GA-A) 14 x 14 mm, 0.8 mm pitch
64-pin WFLGA (PWLGO0064KA-A) 5 x 5 mm, 0.5 mm pitch
48-pin LFQFP (PLQP0048KB-A) 7 x 7 mm, 0.5 mm pitch
48-pin HWQFN (PWQNO0048KB-A) 7 x 7 mm, 0.5 mm pitch
40-pin HWQFN (PWQNO040KC-A) 6 x 6 mm, 0.50 mm pitch
36-pin WFLGA (PWLGO0036KA-A) 4 x 4 mm, 0.5 mm pitch

On-chip debugging system E1 emulator (FINE interface)
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RX111 Group

1. Overview

Note:

Note:

[30] PE3

[29] PE4
[28] PA1
[27] PA3
[26] PA4
[25] Pae
[24] vss
[23] PBO
[22] vce
[21] PB3

PE2 [31] [20] Pc4

PE1 [32] [19] vss_usB

PEO [33 18| USBO_DP

ef]  RXL11GrOUD [ vaso on

P42 [35] PWQNOO40KC-A [i5] vee_uss
P41 136]  (40-pin HWQFN) L[] Pus
PJ7IVREFLO [37] (Top view) [12] P15
PJ6/VREFHO [38] P [13] P16
AVSSO0 [39] [12] P17
AVCCO [40] [iz] P32

P27 [1]
P26 [ 2]

MD [3]
RES# [ 4|
XTAL [6]
vcL [8]
vss [ 9]
vCC [10]

P35/NMI [ 5]

EXTAL [ 7]

« This figure indicates the power supply pins and 1/O port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (40-Pin HWQFN)”.
« Itis recommended that the exposed die pad of HWQFN should be connected to VSS.

Figure 1.6

Pin Assignments of the 40-Pin HWQFN
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RX111 Group

1. Overview

Table 1.9

List of Pins and Pin Functions (36-Pin WFLGA)

Power Supply,

Pin Clock, System Timers Communication
No. Control I/0 Port (MTU, POE, RTC) (SCle, SCIf, RSPI, RIIC, USB) Others
Al AVSSO
A2 AVCCO
A3 VREFHO PJ6*2
A4 p42+2 ANO002
A5 P41*2 ANO01
A6 PE2 MTIOC4A RXD12/RXDX12/SMISO12/SSCL12  IRQ7/AN0O10
B1 RES#
B2 P27 MTIOC2B SCK1/SCK12 IRQ3/CMPA2/CACREF/
ADTRGO#
B3 VREFLO PJ7*2
B4 PEO MTIOC2A/POE3# SCK12 IRQO/AN008
B5 PE1 MTIOC4C TXD12/TXDX12/SI0X12/SMOSI12/  IRQ1/AN009
SSDA12
B6 PA3 MTIOCOD/MTCLKD/ RXD5/SMISO5/SSCL5/MISOA IRQ6
MTIOC1B/POEO#
Cc1 XTAL
c2 MD FINED
c3 PE3 MTIOCOA/MTIOC1B/ CTS12#/RTS12#/SS12#/RSPCKA  IRQ3/AN0O11
MTIOC4B/POES#
c4 PE4 MTIOC1A/MTIOC3A/ MOSIA IRQ4/AN012
MTIOC4D
C5 PA4 MTIOC2B/MTICSU/MTCLKA  TXD5/SMOSI5/SSDAS/SSLAO IRQ5
C6 VSS
D1 EXTAL
D2 UPSEL P35 NMI
D3 UB# P14 MTIOCOA/MTIOC3A/ CTS1#/RTS1#/SS1#/SSLAO/TXD12/ IRQ4
MTCLKA TXDX12/SIOX12/SMOSI12/
SSDA12/USBO_OVRCURA
D4 PAG MTIC5V/MTCLKB/MTIOC2A/  CTS5#/RTS5#/SS5#/SDAO/MOSIA  IRQ3
POE2#
D5 PB3 MTIOCOA/MTIOC3B/ USBO_OVRCURA
MTIOC4A/POE3#
D6 PBO MTIOCOC/MTIC5W SCLO/RSPCKA IRQ2/ADTRGO#
E1l VCL
E2 P17 MTIOCOC/MTIOC3A/ SCK1/MISOA/SDAO/RXD12/ IRQ7
MTIOC3B/POES# RXDX12/SMIS012/SSCL12
E3 P16 MTIOC3C/MTIOC3D TXD1/SMOSI1/SSDAL/SCLO/ IRQ6/ADTRGO#
MOSIA/USBO_VBUSEN/
USBO_OVRCURB/USBO_VBUS
E4 P15 MTIOCOB/MTCLKB RXD1/SMISO1/SSCL1/RSPCKA IRQ5/CLKOUT
E5 pca MTIOC3D/MTCLKC/POEO#  SCK5/SSLAO/USBO_VBUSEN/ IRQ2/CLKOUT
USBO_VBUS*L
E6 vce
F1 VSS
F2 vce
F3 VCC_USB
F4 USBO_DM
F5 USBO_DP
F6 VSS_USB
Note 1. Not 5V tolerant.
Note 2. The power source of the I/O buffer for these pins is AVCCO.
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RX111 Group 2.CPU

2. CPU
Figure 2.1 shows the register set of the CPU.

General-purpose registers
b31 b0

RO (SP)*

R1

R2

R3

R4

RS

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15

Control registers

BPSW (Backup PSW)

FINTV (Fast interrupt vector register)

b31 b0
ISP (Interrupt stack pointer)
USP (User stack pointer)
| INTB (Interrupt table register) |
| PC (Program counter) |
| PSW (Processor status word) |
| BPC (Backup PC) |

DSP instruction register
b63 b0
ACC (Accumulator)

Note 1. The stack pointer (SP) can be the interrupt stack pointer (ISP) or user stack pointer (USP), according to
the value of the U bit in the PSW register.

Figure 2.1 Register Set of the CPU
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RX111 Group 2.CPU

2.1 General-Purpose Registers (RO to R15)

This CPU has 16 general-purpose registers (RO to R15). R0 to R15 can be used as data registers or address registers.
RO, a general-purpose register, also functions as the stack pointer (SP). The stack pointer is switched to operate as the
interrupt stack pointer (ISP) or user stack pointer (USP) by the value of the stack pointer select bit (U) in the processor
status word (PSW).

2.2 Control Registers

(1) Interrupt Stack Pointer (ISP)/User Stack Pointer (USP)

The stack pointer (SP) can be either of two types, the interrupt stack pointer (ISP) or the user stack pointer (USP).
Whether the stack pointer operates as the ISP or USP depends on the value of the stack pointer select bit (U) in the
processor status word (PSW).

Set the ISP or USP to a multiple of 4, as this reduces the numbers of cycles required to execute interrupt sequences and
instructions entailing stack manipulation.

(2) Interrupt Table Register (INTB)

The interrupt table register (INTB) specifies the address where the relocatable vector table starts.

(3) Program Counter (PC)

The program counter (PC) indicates the address of the instruction being executed.

(4) Processor Status Word (PSW)

The processor status word (PSW) indicates the results of instruction execution or the state of the CPU.

(5) Backup PC (BPC)
The backup PC (BPC) is provided to speed up response to interrupts.
After a fast interrupt has been generated, the contents of the program counter (PC) are saved in the BPC register.

(6) Backup PSW (BPSW)

The backup PSW (BPSW) is provided to speed up response to interrupts.
After a fast interrupt has been generated, the contents of the processor status word (PSW) are saved in the BPSW. The
allocation of bits in the BPSW corresponds to that in the PSW.

(7) Fast Interrupt Vector Register (FINTV)

The fast interrupt vector register (FINTV) is provided to speed up response to interrupts.
The FINTYV register specifies a branch destination address when a fast interrupt has been generated.

2.3 Register Associated with DSP Instructions

(1) Accumulator (ACC)

The accumulator (ACC) is a 64-bit register used for DSP instructions. The accumulator is also used for the multiply and
multiply-and-accumulate instructions; EMUL, EMULU, MUL, and RMPA, in which case the prior value in the
accumulator is modified by execution of the instruction.

Use the MVTACHI and MVTACLO instructions for writing to the accumulator. The MVTACHI and MVTACLO
instructions write data to the higher-order 32 bits (bits 63 to 32) and the lower-order 32 bits (bits 31 to 0), respectively.
Use the MVFACHI and MVVFACMI instructions for reading data from the accumulator. The MVFACHI and MVFACMI
instructions read data from the higher-order 32 bits (bits 63 to 32) and the middle 32 bits (bits 47 to 16), respectively.
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RX111 Group

4. 1/0 Registers

Table 4.1 List of 1/O Registers (Address Order) (3/16)
Module Register Numberof  Access Number of Access

Address Symbol Register Name Symbol Bits Size States
0008 70ABh ICU Interrupt Request Register 171 IR171 8 8 2ICLK
0008 70DAh  ICU Interrupt Request Register 218 IR218 8 8 2 ICLK
0008 70DBh  ICU Interrupt Request Register 219 IR219 8 8 2ICLK
0008 70DCh ICU Interrupt Request Register 220 IR220 8 8 2 ICLK
0008 70DDh  ICU Interrupt Request Register 221 IR221 8 8 2ICLK
0008 70DEh ICU Interrupt Request Register 222 IR222 8 8 2 ICLK
0008 70DFh  ICU Interrupt Request Register 223 IR223 8 8 2ICLK
0008 70EOh  ICU Interrupt Request Register 224 IR224 8 8 2 ICLK
0008 70E1h ICU Interrupt Request Register 225 IR225 8 8 2ICLK
0008 70EEh  ICU Interrupt Request Register 238 IR238 8 8 2 ICLK
0008 70EFh  ICU Interrupt Request Register 239 IR239 8 8 2ICLK
0008 70FOh  ICU Interrupt Request Register 240 IR240 8 8 2 ICLK
0008 70F1h ICU Interrupt Request Register 241 IR241 8 8 2ICLK
0008 70F2h  ICU Interrupt Request Register 242 IR242 8 8 2 ICLK
0008 70F3h  ICU Interrupt Request Register 243 IR243 8 8 2ICLK
0008 70F4h  ICU Interrupt Request Register 244 IR244 8 8 2 ICLK
0008 70F5h  ICU Interrupt Request Register 245 IR245 8 8 2ICLK
0008 70F6h  ICU Interrupt Request Register 246 IR246 8 8 2 ICLK
0008 70F7h  ICU Interrupt Request Register 247 IR247 8 8 2ICLK
0008 70F8h  ICU Interrupt Request Register 248 IR248 8 8 2 ICLK
0008 70F9h  ICU Interrupt Request Register 249 IR249 8 8 2ICLK
0008 711Bh  ICU DTC Activation Enable Register 027 DTCERO027 8 8 2 ICLK
0008 711Ch  ICU DTC Activation Enable Register 028 DTCER028 8 8 2ICLK
0008 711Dh  ICU DTC Activation Enable Register 029 DTCER029 8 8 2 ICLK
0008 7124h  ICU DTC Activation Enable Register 036 DTCERO036 8 8 2ICLK
0008 7125h  ICU DTC Activation Enable Register 037 DTCERO037 8 8 2 ICLK
0008 712Dh  ICU DTC Activation Enable Register 045 DTCERO045 8 8 2ICLK
0008 712Eh  ICU DTC Activation Enable Register 046 DTCERO046 8 8 2 ICLK
0008 7140h  ICU DTC Activation Enable Register 064 DTCERO064 8 8 2ICLK
0008 7141h ICU DTC Activation Enable Register 065 DTCERO065 8 8 2 ICLK
0008 7142h  ICU DTC Activation Enable Register 066 DTCERO066 8 8 2ICLK
0008 7143h  ICU DTC Activation Enable Register 067 DTCERO067 8 8 2 ICLK
0008 7144h  ICU DTC Activation Enable Register 068 DTCERO068 8 8 2ICLK
0008 7145h  ICU DTC Activation Enable Register 069 DTCERO069 8 8 2 ICLK
0008 7146h  ICU DTC Activation Enable Register 070 DTCERO070 8 8 2 ICLK
0008 7147h  ICU DTC Activation Enable Register 071 DTCERO071 8 8 2 ICLK
0008 7166h  ICU DTC Activation Enable Register 102 DTCER102 8 8 2ICLK
0008 7167h  ICU DTC Activation Enable Register 103 DTCER103 8 8 2 ICLK
0008 716Ah  ICU DTC Activation Enable Register 106 DTCER106 8 8 2ICLK
0008 7172h  ICU DTC Activation Enable Register 114 DTCER114 8 8 2 ICLK
0008 7173h  ICU DTC Activation Enable Register 115 DTCER115 8 8 2ICLK
0008 7174h  ICU DTC Activation Enable Register 116 DTCER116 8 8 2 ICLK
0008 7175h  ICU DTC Activation Enable Register 117 DTCER117 8 8 2ICLK
0008 7179h  ICU DTC Activation Enable Register 121 DTCER121 8 8 2 ICLK
0008 717Ah ICU DTC Activation Enable Register 122 DTCER122 8 8 2 ICLK
0008 717Dh  ICU DTC Activation Enable Register 125 DTCER125 8 8 2 ICLK
0008 717Eh ICU DTC Activation Enable Register 126 DTCER126 8 8 2 ICLK
0008 7181h ICU DTC Activation Enable Register 129 DTCER129 8 8 2 ICLK
0008 7182h  ICU DTC Activation Enable Register 130 DTCER130 8 8 2ICLK
0008 7183h  ICU DTC Activation Enable Register 131 DTCER131 8 8 2 ICLK
0008 7184h  ICU DTC Activation Enable Register 132 DTCER132 8 8 2ICLK
0008 7186h  ICU DTC Activation Enable Register 134 DTCER134 8 8 2 ICLK
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RX111 Group

4. 1/0 Registers

Table 4.1 List of 1/O Registers (Address Order) (6/16)
Module Register Numberof  Access Number of Access
Address Symbol Register Name Symbol Bits Size States

0008 7594h  ICU NMI Pin Digital Filter Setting Register NMIFLTC 8 8 2ICLK
0008 8000h  CMT Compare Match Timer Start Register O 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 3 PCLKB
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 3PCLKB
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 3PCLKB
0008 80COh DA D/A Data Register 0 DADRO 16 16 2 or 3 PCLKB
0008 80C2h DA D/A Data Register 1 DADR1 16 16 2 or 3 PCLKB
0008 80C4h DA D/A Control Register DACR 8 8 2 or 3 PCLKB
0008 80C5h DA DADRm Format Select Register DADPR 8 8 2 or 3PCLKB
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 3PCLKB
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 3PCLKB
0008 8307h  RIICO 12C Bus Interrupt Enable Register ICIER 8 8 2 or 3 PCLKB
0008 8308h  RIICO 12C Bus Status Register 1 ICSR1 8 8 2 or 3PCLKB
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 3PCLKB
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 8*1 2 or 3PCLKB
0008 830Ch  RIICO Slave Address Register L1 SARL1 8 8 2 or 3 PCLKB
0008 830Dh  RIICO Slave Address Register U1 SARU1 8 8 2 or 3 PCLKB
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 3PCLKB
0008 8311h  RIICO 12C Bus Bit Rate High-Level Register ICBRH 8 8 2 or3PCLKB
0008 8312h  RIICO 12C Bus Transmit Data Register ICDRT 8 8 2 or 3PCLKB
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 3PCLKB
0008 8381h  RSPIO RSPI Slave Select Polarity Register SSLP 8 8 2 or 3 PCLKB
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 3 PCLKB
0008 838Bh  RSPIO RSPI Data Control Register SPDCR 8 8 2 or 3PCLKB
0008 838Ch  RSPIO RSPI Clock Delay Register SPCKD 8 8 2 or 3 PCLKB
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RX111 Group

4. 1/0 Registers

Table 4.1 List of I1/0O Registers (Address Order) (10/16)
Module Register Numberof  Access Number of Access
Address Symbol Register Name Symbol Bits Size States
0008 A025h  SCI1 Receive Data Register RDR 8 8 2 or 3PCLKB
0008 A026h  SCI1 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB
0008 A027h  SCI1 Serial Extended Mode Register SEMR 8 8 2 or 3PCLKB
0008 A028h  SCI1 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB
0008 A029h  SCI1 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB
0008 A02Ah  SCI1 12C Mode Register 2 SIMR2 8 8 2 or 3PCLKB
0008 A02Bh  SCI1 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB
0008 A02Ch SCI1 12C Status Register SISR 8 8 2 or 3 PCLKB
0008 A02Dh  SCI1 SPI Mode Register SPMR 8 8 2 or 3PCLKB
0008 AOAOh  SCI5 Serial Mode Register SMR 8 8 2 or 3 PCLKB
0008 AOAlh  SCI5 Bit Rate Register BRR 8 8 2 or 3PCLKB
0008 AOA2h  SCI5 Serial Control Register SCR 8 8 2 or 3 PCLKB
0008 AOA3h  SCI5 Transmit Data Register TDR 8 8 2 or 3PCLKB
0008 AOA4h  SCI5 Serial Status Register SSR 8 8 2 or 3 PCLKB
0008 AOA5h  SCI5 Receive Data Register RDR 8 8 2 or 3PCLKB
0008 AOA6h  SCI5 Smart Card Mode Register SCMR 8 8 2 or 3PCLKB
0008 AOA7h  SCI5 Serial Extended Mode Register SEMR 8 8 2 or 3PCLKB
0008 AOA8h  SCI5 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB
0008 AOA9h  SCI5 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB
0008 AOAAh  SCI5 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB
0008 AOABh  SCI5 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB
0008 AOACh SCI5 12C Status Register SISR 8 8 2 or 3 PCLKB
0008 AOADh  SCI5 SPI Mode Register SPMR 8 8 2 or 3PCLKB
0008 BOOOh CAC CAC Control Register 0 CACRO 8 8 2 or 3 PCLKB
0008 B0OO1h CAC CAC Control Register 1 CACR1 8 8 2 or 3PCLKB
0008 B0O0O2h CAC CAC Control Register 2 CACR2 8 8 2 or 3 PCLKB
0008 BOO3h CAC CAC Interrupt Request Enable Register CAICR 8 8 2 or 3PCLKB
0008 B0O04h CAC CAC Status Register CASTR 8 8 2 or 3 PCLKB
0008 BOO6h  CAC CAC Upper-Limit Value Setting Register CAULVR 16 16 2 or 3PCLKB
0008 B0O0O8h CAC CAC Lower-Limit Value Setting Register CALLVR 16 16 2 or 3 PCLKB
0008 BOOAh CAC CAC Counter Buffer Register CACNTBR 16 16 2 or 3PCLKB
0008 B0O80Oh DOC DOC Control Register DOCR 8 8 2 or 3 PCLKB
0008 B0O82h  DOC DOC Data Input Register DODIR 16 16 2 or 3 PCLKB
0008 B084h DOC DOC Data Setting Register DODSR 16 16 2 or 3 PCLKB
0008 B10Oh ELC Event Link Control Register ELCR 8 8 2 or 3 PCLKB
0008 B102h ELC Event Link Setting Register 1 ELSR1 8 8 2 or 3 PCLKB
0008 B103h ELC Event Link Setting Register 2 ELSR2 8 8 2 or 3 PCLKB
0008 B104h ELC Event Link Setting Register 3 ELSR3 8 8 2 or 3 PCLKB
0008 B105h  ELC Event Link Setting Register 4 ELSR4 8 8 2 or 3 PCLKB
0008 B108h ELC Event Link Setting Register 7 ELSR7 8 8 2 or 3 PCLKB
0008 B110h  ELC Event Link Setting Register 15 ELSR15 8 8 2 or 3 PCLKB
0008 B111h  ELC Event Link Setting Register 16 ELSR16 8 8 2 or 3 PCLKB
0008 B113h  ELC Event Link Setting Register 18 ELSR18 8 8 2 or 3PCLKB
0008 B115h  ELC Event Link Setting Register 20 ELSR20 8 8 2 or 3 PCLKB
0008 B117h  ELC Event Link Setting Register 22 ELSR22 8 8 2 or 3 PCLKB
0008 B119h  ELC Event Link Setting Register 24 ELSR24 8 8 2 or 3 PCLKB
0008 B11Ah ELC Event Link Setting Register 25 ELSR25 8 8 2 or 3 PCLKB
0008 B11Fh ELC Event Link Option Setting Register A ELOPA 8 8 2 or 3 PCLKB
0008 B120h ELC Event Link Option Setting Register B ELOPB 8 8 2 or 3PCLKB
0008 B121h ELC Event Link Option Setting Register C ELOPC 8 8 2 or 3 PCLKB
0008 B123h ELC Port Group Setting Register 1 PGR1 8 8 2 or 3 PCLKB
0008 B125h  ELC Port Group Control Register 1 PGC1 8 8 2 or 3 PCLKB
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RX111 Group

4. 1/0 Registers

Table 4.1 List of I/O Registers (Address Order) (15/16)
Module Register Numberof  Access Number of Access
Address Symbol Register Name Symbol Bits Size States

0008 C422h RTC RTC Control Register 1 RCR1 8 8 2 or 3 PCLKB

0008 C424h RTC RTC Control Register 2 RCR2 8 8 2 or 3 PCLKB

0008 C426h RTC RTC Control Register 3 RCR3 8 8 2 or 3PCLKB

0008 C42Eh RTC Time Error Adjustment Register RADJ 8 8 2 or 3 PCLKB

000A 0000h  USBO System Configuration Control Register SYSCFG 16 16 3 or4 PCLKB

000A 0004h  USBO System Configuration Status Register 0 SYSSTSO 16 16 9 PCLK or more
000A 0008h  USBO Device State Control Register 0 DVSTCTRO 16 16 9 PCLK or more
000A 0014h  USBO CFIFO Port Register CFIFO 16 16 3 or4 PCLKB

000A 0018h  USBO DOFIFO Port Register DOFIFO 16 16 3or4PCLKB

000A 001Ch USBO D1FIFO Port Register D1FIFO 16 16 3 or4 PCLKB

000A 0020h  USBO CFIFO Port Select Register CFIFOSEL 16 16 3 or4 PCLKB

000A 0028h  USBO DOFIFO Port Select Register DOFIFOSEL 16 16 3 or4 PCLKB

000A 002Ch  USBO D1FIFO Port Select Register D1FIFOSEL 16 16 3 or4 PCLKB

000A 0022h  USBO CFIFO Port Control Register CFIFOCTR 16 16 3 or4 PCLKB

000A 002Ah  USBO DOFIFO Port Control Register DOFIFOCTR 16 16 3 or4 PCLKB

000A 002Eh  USBO D1FIFO Port Control Register D1FIFOCTR 16 16 3or4 PCLKB

000A 0030h  USBO Interrupt Enable Register 0 INTENBO 16 16 9 PCLKB or more
000A 0032h  USBO Interrupt Enable Register 1 INTENB1 16 16 9 PCLKB or more
000A 0036h  USBO BRDY Interrupt Enable Register BRDYENB 16 16 9 PCLKB or more
000A 0038h  USBO NRDY Interrupt Enable Register NRDYENB 16 16 9 PCLKB or more
000A 003Ah  USBO BEMP Interrupt Enable Register BEMPENB 16 16 9 PCLKB or more
000A 003Ch USBO SOF Output Configuration Register SOFCFG 16 16 9 PCLKB or more
000A 0040h  USBO Interrupt Status Register 0 INTSTSO 16 16 9 PCLKB or more
000A 0042h  USBO Interrupt Status Register 1 INTSTS1 16 16 9 PCLKB or more
000A 0046h  USBO BRDY Interrupt Status Register BRDYSTS 16 16 9 PCLKB or more
000A 0048h  USBO NRDY Interrupt Status Register NRDYSTS 16 16 9 PCLKB or more
000A 004Ah  USBO BEMP Interrupt Status Register BEMPSTS 16 16 9 PCLKB or more
000A 004Ch  USBO Frame Number Register FRMNUM 16 16 9 PCLKB or more
000A 0054h  USBO USB Request Type Register USBREQ 16 16 9 PCLKB or more
000A 0056h  USBO USB Request Value Register USBVAL 16 16 9 PCLKB or more
000A 0058h  USBO USB Request Index Register USBINDX 16 16 9 PCLKB or more
000A 005Ah  USBO USB Request Length Register USBLENG 16 16 9 PCLKB or more
000A 005Ch  USBO DCP Configuration Register DCPCFG 16 16 9 PCLKB or more
000A 005Eh  USBO DCP Maximum Packet Size Register DCPMAXP 16 16 9 PCLKB or more
000A 0060h  USBO DCP Control Register DCPCTR 16 16 9 PCLKB or more
000A 0064h  USBO Pipe Window Select Register PIPESEL 16 16 9 PCLKB or more
000A 0068h  USBO Pipe Configuration Register PIPECFG 16 16 9 PCLKB or more
000A 006Ch  USBO Pipe Maximum Packet Size Register PIPEMAXP 16 16 9 PCLKB or more
000A 006Eh  USBO Pipe Cycle Control Register PIPEPERI 16 16 9 PCLKB or more
000A 0070h  USBO PIPE1 Control Register PIPE1ICTR 16 16 9 PCLKB or more
000A 0072h  USBO PIPE2 Control Register PIPE2CTR 16 16 9 PCLKB or more
000A 0074h  USBO PIPE3 Control Register PIPE3CTR 16 16 9 PCLKB or more
000A 0076h  USBO PIPE4 Control Register PIPE4ACTR 16 16 9 PCLKB or more
000A 0078h  USBO PIPES Control Register PIPESCTR 16 16 9 PCLKB or more
000A 007Ah  USBO PIPE6 Control Register PIPE6CTR 16 16 9 PCLKB or more
000A 007Ch  USBO PIPE7 Control Register PIPE7CTR 16 16 9 PCLKB or more
000A 007Eh  USBO PIPE8 Control Register PIPESCTR 16 16 9 PCLKB or more
000A 0080h  USBO PIPE9 Control Register PIPE9CTR 16 16 9 PCLKB or more
000A 0090h  USBO PIPE1 Transaction Counter Enable Register PIPE1TRE 16 16 9 PCLKB or more
000A 0092h  USBO PIPE1 Transaction Counter Register PIPE1ITRN 16 16 9 PCLKB or more
000A 0094h  USBO PIPE2 Transaction Counter Enable Register PIPE2TRE 16 16 9 PCLKB or more
000A 0096h  USBO PIPE2 Transaction Counter Register PIPE2TRN 16 16 9 PCLKB or more
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52 DC Characteristics

Table 5.3 DC Characteristics (1)
Conditions: 2.7V <VCC=VCC_USB<3.6V,27V=<AVSS0<3.6V,VSS=AVSS0=VSS_USB=0V, T,=-40to +105°C

. . Test
Item Symbol Min. Typ. Max. Unit Conditions

Schmitt trigger RIIC input pin ViH VCC x 0.7 — 5.8 Vv
input voltage (except for SMBus, 5 V tolerant)

Ports P16, P17, VCC x 0.8 — 5.8

port PA6, port PBO (5 V tolerant)

Ports P03, P05, VCC x 0.8 — VCC +0.3

ports P14,P15,

ports P26, P27,

ports P30 to P32, P35,

ports P54, P55,

ports PAO, PA1, PA3, PA4,

ports PB1, PB3, PB5 to PB7,

ports PC2 to PC7,

ports PEO to PE7,

port PH7,

RES#

RIIC input pin Vi -0.3 — VCC % 0.3

(except for SMBus)

Other than RIIC input pin -0.3 — VCC x 0.2

RIIC input pin AVt VCC x 0.05 — —

(except for SMBus)

Other than RIIC input pin VCC x 0.1 — —
Input voltage MD ViH VCC % 0.9 — VCC +0.3 \
(elxcept. for Schmnt XTAL (external clock input) VCC x 0.8 — VCC +0.3
trigger input pins)

Ports P40 to P44, P46, ports PJ6, AVCCO x 0.7 — AVCCO + 0.3

PJ7

RIIC input pin (SMBus) 2.1 — VCC +0.3

MD Vi -0.3 — VCC x 0.1

XTAL (external clock input) -0.3 — VCC x 0.2

Ports P40 to P44, P46, ports PJ6, -0.3 — AVCCO x 0.3

PJ7

RIIC input pin (SMBus) -0.3 — 0.8
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Table 5.4 DC Characteristics (2)
Conditions: 1.8V <VCC=VCC_USB <27V, 1.8V <AVSS0<2.7V,VSS=AVSS0=VSS_USB=0V, T, =-40to +105°C

. . Test
Item Symbol Min. Typ. Max. Unit Conditions
Schmitt trigger Ports P16, P17, port PA6, port PBO Viy VCC x 0.8 — 5.8 \Y
input voltage (5 V tolerant)
Ports P03, P05, VCC x 0.8 — VCC + 0.3

ports P14,P15,

ports P26, P27,

ports P30 to P32, P35,

ports P54, P55,

ports PAQ, PA1, PA3, PA4,
ports PB1, PB3, PB5 to PB7,
ports PC2 to PC7,

ports PEO to PE7,

port PH7,

RES#

All pins -0.3 — VCC x 0.2

All pins AVt VCC % 0.01 — —
Input voltage MD ViH VCC x 0.9 — VCC +0.3 \
(except for Schmitt ™y~ ¢ ternal clock input) VCC % 0.8 — VCC +0.3
trigger input pins)

Ports P40 to P44, P46, ports PJ6, AVCCO x 0.7 — AVCCO + 0.3

PJ7

MD VL -0.3 — VCC x 0.1

XTAL (external clock input) -0.3 — VCC x 0.2

Ports P40 to P44, P46, ports PJ6, -0.3 — AVCCO x 0.3

PJ7

Table 5.5 DC Characteristics (3)
Conditions: 1.8V <VCC=VCC_USB<36V,1.8V<AVSS0<3.6V,VSS=AVSS0=VSS_USB=0V, T,=-40to+105°C

Iltem Symbol Min. Typ. Max. Unit Test Conditions

Input leakage RES#, MD, port P35, port PH7 [, — — 1.0 WA | Vi, =0V, VCC
current
Three-state Ports for 5 V tolerant | Itsi | — — 1.0 MA | Vi,=0V, 58V
leakage current Pins other than above — — 1.0 Vin=0V,VCC
(off-state)
Input capacitance | All input pins Cin — — 15 pF | Vihn=0mV,

(except for port P16, port P35, USBO_DM, Frequency: 1 MHz,

USBO_DP) T,=25°C

Port P16, port P35, USBO_DM, USB0O_DP — — 30

Table 5.6 DC Characteristics (4)
Conditions: 1.8V <VCC=VCC_USB=<36V,1.8V=<AVSS0=<3.6V,VSS=AVSS0=VSS_USB=0V, T,=-40to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
Input pull-up All ports Ry 10 20 100 kQ | Vip=0V
resistor (except for port P35, port PH7)
RO1DS0190EJ0130 Rev.1.30 ENESAS Page 51 of 127

May 31, 2016



RX111 Group

5. Electrical Characteristics

20
18 - - -
T, = 85/105°C, ICLK = 32 MHz?
16
14
_ 12 -
< Ta=25°C, ICLK =32 MHz
3 10 L am e TES—
8 T, = 85/105°C, ICLK = 16 MHz 2
8 Ta = 85/105°C, ICLK = 8 MHz
1 Gmn GEP SO GBD a» G = - an
6 - - ‘1
- Ta=25°C, ICLK =16 MHz
4
m— Ta=25°C, ICLK = 8 MHZ"
2
0 1 1 1 1
1.5 2 25 3 3.5
VCC (V)
Note 1. All peripheral operation is normal. This does not include BGO operation.
Average value of the tested middle samples during product evaluation
Note 2. All peripheral operation is maximum. This does not include BGO operation.
Average value of the tested upper-limit samples during product evaluation.

Figure 5.1 Voltage Dependency in High-Speed Operating Mode (Reference Data)
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Note 1. All peripheral operation is normal. This does not include BGO operation.
Average value of the tested middle samples during product evaluation
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Average value of the tested upper-limit samples during product evaluation.
Figure 5.2 Voltage Dependency in Middle-Speed Operating Mode (Reference Data)
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Note 1. All peripheral operation is normal.

Average value of the tested middle samples during product evaluation
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R01DS0190EJ0130 Rev.1.30

May 31, 2016

ENESAS

Page 58 of 127



RX111 Group 5. Electrical Characteristics

100 -

Icc (MA)

01 1 1 1 1 1 1 1 1
—40 -20 0 20 40 60 80 100 120

Ta (°C)

Note1. Average value of the tested upper-limit samples during product evaluation.
Note2. Average value of the tested middle samples during product evaluation

Figure 5.8 Temperature Dependency in Software Standby Mode (Reference Data)
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Table 5.24 Clock Timing
Conditions: 1.8V =<VCC=VCC_USB=<3.6V,1.8V=<AVSS0<3.6V,VSS=AVSS0=VSS USB=0V, T,=-40to+105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
XTAL external clock input cycle time txeye 50 — — ns | Figure 5.23
XTAL external clock input high pulse width txH 20 — — ns
XTAL external clock input low pulse width txL 20 — — ns
XTAL external clock rising time txr — — 5 ns
XTAL external clock falling time txs — — 5 ns
XTAL external clock input wait time*? tExwT 0.5 — — us
Main clock oscillator oscillation frequency 24<VCC=<3.6 fVAIN 1 — 20 MHz
1.8<VCC<24 1 — 8
Main clock oscillation stabilization time (crystal)*2 tmaiNosc — 3 — ms | Figure 5.25
Main clock oscillation stabilization time (ceramic resonator)*2 tmAINOSC — 50 us
LOCO clock oscillation frequency fLoco 3.44 4.0 4.56 MHz
LOCO clock oscillation stabilization time t oco — — 0.5 us | Figure 5.26
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 | kHz
IWDT-dedicated clock oscillation stabilization time tiLoco — — 50 us | Figure 5.24
HOCO clock oscillation frequency fioco 31.52 32 3248 | MHz | Ta=-401t0 85°C
31.68 32 32.32 Ta =-20to 85°C
31.36 32 32.64 Ta =-40to 105°C
HOCO clock oscillation stabilization time thoco2 — — 56 ps | Figure 5.28
PLL input frequency*3 feLLn 4 — 8 MHz
PLL circuit oscillation frequency*3 fpLL 32 — 48 MHz
PLL clock oscillation stabilization time tpLL — — 50 us | Figure 5.29
PLL free-running oscillation frequency feLLFR — 8 — MHz
Sub-clock oscillator oscillation frequency*> fsus — 32.768 — kHz
Sub-clock oscillation stabilization time*4 tsusosc — 0.5 — ] Figure 5.30

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. The VCC range that the PLL can be used is 2.4 to 3.6 V.

Note 4. 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 5. Only 32.768 kHz can be used.
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Table 5.29 Timing of Recovery from Low Power Consumption Modes (4)

Conditions: 1.8V <VCC=VCC_USB=<3.6V,1.8V<AVSS0=<3.6V,VSS=AVSS0=VSS_USB=0V, T,=-40to +105°C
Iltem Symbol Min. Typ. Max. Unit Test Conditions
Recovery time from deep | High-speed mode*2 tosLp — 2 35 us
sleep mode" Middle-speed mode*3 tosLp — 3 4 us
Low-speed mode*4 tosLp — 400 500 us

Note:  When the division ratios of PCLKB, PCLKD, FCLK, and ICLK are all set to 1.
Note 1. Oscillators continue oscillating in deep sleep mode.

Note 2. When the frequency of the system clock is 32 MHz.

Note 3. When the frequency of the system clock is 12 MHz.

Note 4. When the frequency of the system clock is 32.768 kHz.

e T LML LM U LA ULLLTL
ICLK J_L—l . .

L4 )

)
IRQ

£
g

A
A

Deep sleep mode

tDSLP

Figure 5.35 Deep Sleep Mode Cancellation Timing

Table 5.30 Timing of Recovery from Low Power Consumption Modes (5)
Operating Mode Transition Time

Conditions: 1.8V <VCC=VCC_USB=<3.6V,1.8V=<AVSS0<3.6V,VSS=AVSS0=VSS_USB=0V, T, =-40to +105°C
Transition Time
Mode before Transition Mode after Transition ICLK Frequency Unit
Min. Typ. Max.
High-speed operating mode Middle-speed operating mode 8 MHz — 10 — us
Middle-speed operating mode High-speed operating mode 8 MHz — 37.5 — us
Low-speed operating mode Middle-speed operating mode, 32.768 kHz — 213.62 — us
high-speed operating mode

Middle-speed operating mode, | Low-speed operating mode 32.768 kHz — 183.11 — us
high-speed operating mode

Note:

When the division ratios of PCLKB, PCLKD, FCLK, and ICLK are all set to 1.
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Table 5.34 Timing of On-Chip Peripheral Modules (3)
Conditions: 1.8V <VCC=VCC_USB<3.6V,1.8V<AVSS0<36V,VSS=AVSS0=VSS USB=0V,
T, =-40to +105°C, C = 30 pF

Item Symbol Min. Max. Unit*1 Test Conditions
Simple | SCK clock cycle output (master) tspeyc 4 65536 tpcyc | Figure 5.46
SPI SCK clock cycle input (slave) 6 65536
SCK clock high pulse width tspCKwWH 0.4 0.6 tspeyc
SCK clock low pulse width tspckwL 0.4 0.6 tspeyc
SCK clock rise/fall time tspckr, tspeks — 20 ns
Data input setup time (master) | 2.7 V or above tsu 65 — ns Figure 5.47,
1.8 V or above 95 — Figure 5.49
Data input setup time (slave) 40 —
Data input hold time ty 40 — ns
SS input setup time tLEAD 3 — tpeyc
SS input hold time tLac 3 — tpeyc
Data output delay time (master) top — 40 ns
Data output delay time (slave) 2.7 V or above — 65
1.8 V or above — 85
Data output hold time (master) | 2.7 V or above toH -10 — ns
1.8 V or above -20 —
Data output hold time (slave) -10 —
Data rise/fall time tor, tor — 20 ns
SS input rise/fall time tssir, tssir — 20 ns
Slave access time tsa — 6 tpeyc | Figure 5.51,
Slave output release time tREL — 6 tpeyc Figure 5.52
Note 1. tpeyc: PCLK cycle
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55 A/D Conversion Characteristics

Table 5.38 A/D Conversion Characteristics (1)
Conditions: 2.7 V<VCC =VCC_USB<3.6V,2.7V<AVCC0=<3.6V, 2.7V =<VREFH0 < AVCCO,
VSS = AVSS0 = VREFLO = VSS_USB =0V, T, = —40 to +105°C

ltem Min. Typ. Max. Unit Test Conditions
Frequency 4 — 32 MHz
Resolution — — 12 Bit
Conversion time*1 Permissible signal source 1.031 —_ — us High-precision channel
(Operation at impedance (Max.) = 0.3 kQ (0.313)*2 ADCSR.ADHSC bit = 1
PCLKD = 32 MHz) ADSSTRnN.SST[7:0] bits = 09h
1.375 — — Normal-precision channel
(0.641)*2 ADCSR.ADHSC bit = 1
ADSSTRN.SST[7:0] bits = 14h
Analog input effective range 0 — VREFHO \Y
Offset error — +0.5 4.5 LSB High-precision channel
PJBPFS.ASEL bit = 1
PJ7PFS.ASEL bit = 1
6.0 LSB Other than above
Full-scale error — +0.75 +4.5 LSB High-precision channel
PJBPFS.ASEL bit = 1
PJ7PFS.ASEL bit = 1
6.0 LSB Other than above
Quantization error — +0.5 — LSB
Absolute accuracy — +1.25 +5.0 LSB High-precision channel
PJ6PFS.ASEL bit = 1
PJ7PFS.ASEL bit = 1
+8.0 LSB Other than above
DNL differential nonlinearity error — +1.0 — LSB
INL integral nonlinearity error — + +3.0 LSB

Note: < The characteristics apply when no pin functions other than A/D converter input are used. Absolute accuracy includes
quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do not

include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. As the test conditions, the number of sampling

states is indicated.

Note 2. The value in parentheses indicates the sampling time.
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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

D
DETAIL OF (A) PART
+ E
A
S
[ O
Referance Dimension in Millimeters
Symbol | Min Nom | Max
D 595 | 6.00 6.05
E 5.95 6.00 6.05
D2 A 070 | 075 | 0.80
b 0.18 0.25 0.30
A
1 o /EXPOSED DIE PAD B — om0 | —
yuuuujuyuuuuy Lp 0.30 0.40 | 0.50
40P a
=) - X — — 0.05
) d y — — 0.05
=) d
D C
= + o E2
D [an
D (= ITEM D2 E2
») C MIN [NOM[MAX| MIN [INOM[MAX
31D S5p EXPOSED
DIE PAD A |4.45|4.50|4.55|4.45|4.50|4.55
:?o nNAN m m ﬂg VARIATIONS
o[E]x [ s[ a8
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Figure E  40-Pin HWQFN (PWQNO040KC-A)
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