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32-MHz 32-bit RX MCUs, built-in FPU, 50 DMIPS, power supply 5V
12-bit ADC (equipped with 3-channel synchronous S/H circuits, programmable gain amplifier x 3 ch,

and comparator)

32-MHz PWM (three-phase complementary output x 1 ch), On-chip data flash memory

Features

m 32-bit RX CPU core

e Max. operating frequency: 32 MHz
Capable of 50 DMIPS in operation at 32 MHz
o Accumulator handles 64-bit results (for a single
instruction) from 32-bit X 32-bit operations
e Multiplication and division unit handles 32-bit x 32-bit
operations (multiplication instructions take one CPU clock
cycle)
o Built-in FPU: 32-bit single-precision floating point
(compliant to IEEE754)
e Fast interrupt
e CISC Harvard architecture with 5-stage pipeline
¢ Variable-length instructions, ultra-compact code
e On-chip debugging circuit
m Low power design and architecture
e Operation from a single 2.7-V to 5.5-V supply
e Three low power consumption modes
m On-chip code flash memory, no wait states
o 128-/64-Kbyte capacities
¢ On-board or off-board user programming
o For instructions and operands
m On-chip data flash memory
e 4 Kbytes (1,000,000 program/erase cycles (typ.))
¢ BGO (Background Operation)
m On-chip SRAM, no wait states
¢ 12 Kbytes of SRAM

= DMA

e DTC: Five transfer modes

m Reset and supply management

e Seven types of reset, including the power-on reset (POR)
e Low voltage detection (LVD) with voltage settings

m Clock functions

e Main clock oscillator frequency: 1 to 20 MHz

e External clock input frequency: Up to 20 MHz

e PLL circuit input: 4 MHz to 8§ MHz

e Low-speed on-chip oscillator: 4 MHz

¢ High-speed on-chip oscillator: 32 MHz +1%

o [WDT-dedicated on-chip oscillator: 15 kHz

e On-chip clock frequency accuracy measurement circuit
(CAQ)

m Independent watchdog timer
¢ 15-kHz on-chip oscillator produces a dedicated clock
signal to drive IWDT operation.
m Useful functions for IEC60730 compliance

o Self-diagnostic and disconnection-detection assistance
functions for the A/D converter, clock frequency accuracy
measurement circuit, independent watchdog timer, RAM
test assistance functions using the DOC, etc.

= MPC

e Multiple locations are selectable for I/O pins of peripheral
functions

PLQP0048KB-B 7 x 7 mm, 0.5 mm pitch
PLQP0032GB-A 7 x 7 mm, 0.8 mm pitch

m Up to 4 communications channels
o SCI with many useful functions (3 channels)
Asynchronous mode, clock synchronous mode, smart card
interface mode, simplified SPI, simplified 12C, and
extended serial mode.
e 12C bus interface: Transfer at up to 400 kbps (one channel)

m Up to 8 extended-function timers
e 16-bit MTU3 (six channels): 32 MHz operation, input
capture, output compare, three-phase complementary
PWM x 1 channel-output, CPU-efficient complementary
PWM, phase counting mode (2 channels)
o 16-bit compare-match timers (2 channels)

m 12-bit A/D converter: 8 ch

e On-chip sample-and-hold circuit: 12-bit x up to 3 channels

e Sampling time can be set for each channel

o Group scan priority control mode (3 levels)

o Self-diagnostic function and analog input disconnection
detection assistance function (compliant to IEC60730)

¢ Input signal amplitude by the programmable gain amplifier
(3 channels)

e ADC: 3-channel simultaneous sample-and-hold circuit
(3 shunt method), double data register (1 shunt method),
amplifier (3 channels), comparator (3 channels)

m Register write protection function can protect
values in important registers against
overwriting.

m Up to 39 pins for general I/0 ports
e 5-V tolerant, open drain, input pull-up

m Operating temperature range
e —40 to +85°C
e —40 to +105°C

m Applications
e General industrial and consumer equipment
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RX13T Group

1. Overview

1. Overview

1.1 Outline of Specifications

Table 1.1 lists the specifications, and Table 1.2 gives a comparison of the functions of the products in different

packages.

Table 1.1 is for products with the greatest number of functions, so the number of peripheral modules and channels will
differ in accordance with the package type. For details, see Table 1.2, Comparison of Functions for Different

Packages.

Table 1.1 Outline of Specifications (1/3)

Classification Module/Function

Description

CPU CPU

Maximum operating frequency: 32 MHz

32-bit RX CPU

Minimum instruction execution time: One instruction per clock cycle
Address space: 4-Gbyte linear

Register set

General purpose: Sixteen 32-bit registers

Control: Nine 32-bit registers

Accumulator: One 64-bit registers

Basic instructions: 73 Variable-length instruction format
DSP instructions: 9

Addressing modes: 10

Data arrangement

Instructions: Little endian

Data: Selectable as little endian or big endian

On-chip 32-bit multiplier: 32-bit x 32-bit — 64-bit
On-chip divider: 32-bit + 32-bit — 32 bits

Barrel shifter: 32 bits

FPU

Single precision (32-bit) floating point
Data types and floating-point exceptions in conformance with the IEEE754 standard

Memory ROM

Capacity: 64 K/128 Kbytes

32 MHz, no-wait memory access

Programming/erasing method:

Serial programming (asynchronous serial communication), self-programming

RAM

Capacity: 12 Kbytes
32 MHz, no-wait memory access

E2 DataFlash

Capacity: 4 Kbytes
Number of erase/write cycles: 1,000,000 (typ)

MCU operating mode

Single-chip mode

Clock Clock generation circuit

Main clock oscillator, low-speed and high-speed on-chip oscillator, PLL frequency synthesizer, and
IWDT-dedicated on-chip oscillator

Oscillation stop detection: Available

Clock frequency accuracy measurement circuit (CAC): Available

Independent settings for the system clock (ICLK), peripheral module clock (PCLK), and FlashIF clock
(FCLK)

The CPU and system sections such as other bus masters run in synchronization with the system
clock (ICLK): 32 MHz (at max.)

Peripheral modules run in synchronization with the PCLKB: 32 MHz (at max.)

The flash peripheral circuit runs in synchronization with the FCLK: 32 MHz (at max.)

The ICLK frequency can only be set to FCLK, PCLKB, or PCLKD multiplied by n (n: 1, 2, 4, 8, 16, 32,
64)

Resets

RESH# pin reset, power-on reset, voltage monitoring reset, independent watchdog timer reset, and
software reset

Voltage detection Voltage detection circuit

When the voltage on VCC falls below the voltage detection level, an internal reset or internal interrupt

(LVDAD) is generated.
Voltage detection circuit 0 is capable of selecting the detection voltage from 3 levels
Voltage detection circuit 1 is capable of selecting the detection voltage from 9 levels
Voltage detection circuit 2 is capable of selecting the detection voltage from 4 levels
Low power Low power consumption e Module stop function
consumption functions e Three low power consumption modes

Sleep mode, deep sleep mode, and software standby mode

Function for lower operating
power consumption

Operating power control modes
High-speed operating mode and middle-speed operating mode
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RX13T Group 1. Overview

Table 1.1 Outline of Specifications (2/3)

Classification Module/Function Description

Interrupt Interrupt controller (ICUDb) o Interrupt vectors: 256
o External interrupts: 7 (NMI, IRQO to IRQ5 pins)
* Non-maskable interrupts: 5 (NMI pin, oscillation stop detection interrupt, voltage monitoring 1
interrupt, voltage monitoring 2 interrupt, and IWDT interrupt)
* 16 levels specifiable for the order of priority

DMA Data transfer controller o Transfer modes: Normal transfer, repeat transfer, and block transfer
(DTCb) o Activation sources: External interrupts and interrupt requests from peripheral functions
e Sequence transfer
1/0 ports General 1/O ports 48-/32-pin
e 1/0: 38/22
e Input: 1/1

e Pull-up resistors: 38/22
¢ Open-drain outputs: 30/18
e 5-V tolerance: 2/2

Multi-function pin controller (MPC) Capable of selecting the input/output function from multiple pins
Timers Multi-function timer pulse e 6 units (16 bis x 6 channels)
unit 3 (MTU3c) e Provides up to 16 pulse-input/output lines and three pulse-input lines

Select from among fourteen counter-input clock signals for each channel (PCLK/1, PCLK/2, PCLK/4,
PCLK/8, PCLK/16, PCLK/32, PCLK/64, PCLK/256, PCLK/1024, MTCLKA, MTCLKB, MTCLKC,
MTCLKD, MTIOC1A) other than channel 1/3/4, for which only eleven signals are available, channel 2
for 12, channel 5 for 10

26 output compare/input capture registers

Counter clear operation (with compare match- or input capture-sourced simultaneous counter clear
capability)

Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Buffer operation

Cascaded operation

28 interrupt sources

Automatic transfer of register data

Pulse output modes: Toggle/PWM/complementary PWM/reset-synchronized PWM
Complementary PWM output mode

3-phase non-overlapping waveform output for inverter control

Automatic dead time setting

Adjustable PWM duty cycle: from 0 to 100%

A/D conversion request delaying function

Interrupt at crest/trough can be skipped

Double buffer function

Reset-synchronized PWM mode

Outputs three phases each for positive and negative PWM waveforms in user-specified duty cycle
Phase counting modes: 16-bit mode (channel 1 and 2)/32-bit mode (channel 1 and 2)

Dead time compensation counter function

A/D converter start trigger can be generated

A/D converter start triggers can be skipped

Signals from the input capture and external counter clock pins are input via a digital filter

Port output enable 3 Controls the high-impedance state of the MTU’s waveform output pins

(POE3C)

Compare match timer e (16 bits x 2 channels) x 1 units

(CMT) e Select from among four clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)
Independent watchdog e 14 bits x 1 channel

timer (IWDTa) e Count clock: Dedicated low-speed on-chip oscillator for the IWDT

Frequency divided by 1, 16, 32, 64, 128, or 256
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Table 1.1 Outline of Specifications (3/3)

Classification Module/Function

Description

Communication Serial communications
functions interfaces (SClg, SClh)

3 channels (channel 1 and 5: SClg, channel 12: SCIh)

SClg

Serial communications modes: Asynchronous, clock synchronous, and smart-card interface
Multi-processor function

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 MTU timers

Start-bit detection: Level or edge detection is selectable.

Simple 12C

Simple SPI

9-bit transfer mode

Bit rate modulation

SClIh (The following functions are added to SClg)

Supports the serial communications protocol, which contains the start frame and information frame
Supports the LIN format

12C bus interface (RIICa)

1 channel

Communications formats: 12C bus format/SMBus format
Master mode or slave mode selectable

Supports fast mode

12-bit A/D converter (S12ADF)

12 bits (8 channels x 1 unit)

12-bit resolution

Minimum conversion time: 1.4 us per channel when the ADCLK is operating at 32 MHz
Operating modes

Scan mode (single scan mode, continuous scan mode, and 3 group scan mode)
Group A priority control (only for 3 group scan mode)

Sampling variable

Sampling time can be set up for each channel

Self-diagnostic function

Double trigger mode (A/D conversion data duplicated)

Assist on analog input disconnection detection

A/D conversion start conditions

A software trigger, a trigger from a timer (MTU), or an external trigger signal
Sample-and-hold function

Sample-and-hold circuit included (3 channels)

Amplification of input signals by a programmable gain amplifier (3 channels)
Amplification rate: 2.000 times, 2.500 times, 3.077 times, 5.000 times, 8.000 times, 10.000 times
(total of 6 steps)

Comparator C (CMPC)

3 channels

Function to compare the reference voltage and the analog input voltage
Reference voltage: Select from among two voltages

Analog input voltage: Select from among four voltages

D/A converter (DA) for generating comparator C
reference voltage

1 channel

8-bit resolution

Output voltage: 0 to AVCCO

Reference voltage generation circuit for comparator C

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+ X165+ X2+ 1, 0or X16 +X12 + X5+ 1

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

Power supply voltages/Operating frequencies

VCC = 2.7 to 5.5V: 32 MHz

Supply current

11 mA at 32 MHz (typ.)

Operating temperature range

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

Packages

48-pin LFQFP (PLQP0048KB-B) 7 x 7mm, 0.5mm pitch
32-pin LQFP (PLQP0032GB-A) 7 x 7mm, 0.8mm pitch

Debugging interface

FINE interface
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Table 1.2

Comparison of Functions for Different Packages

Module/Functions

RX13T Group

48 Pins

32 Pins

Interrupts External interrupts NMI, IRQO to IRQ5 NMI, IRQO to IRQ2, IRQ5
DTC Data transfer controller Available
Timers Multi-function timer pulse unit 3 6 channels

Port output enable 3

POEO#, POES8#, POE10#

POES8#, POE10#

Compare match timer

2 channels x 1 units

Independent watchdog timer Available
Communication Serial communications interfaces (SCIg) 2 channels
functions (SCI1, SCI5)

Serial communications interfaces (SClh) 1 channel

(SCI12)

I2C bus interface 1 channel
12-bit A/D converter 8 channels 5 channels
Comparator C 3 channels
CRC calculator Available
Data operation circuit Available
Clock frequency accuracy measurement circuit Available

Packages

48-pin LFQFP (0.5 mm) 32-pin LQFP (0.8 mm)
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1.2 List of Products
Table 1.3 is a list of products, and Figure 1.1 shows how to read the product part no., memory capacity, and package
type.
Table 1.3 List of Products
Operating Operating
Group Part No. Package ROM Capacity | RAM Capacity E2 DataFlash Frequency Temperature
RX13T R5F513T5ADFL PLQPO0048KB-B 128 Kbytes 12 Kbytes 4 Kbytes 32 MHz —40 to +85°C
R5F513T5ADFJ PLQPO0032GB-A
R5F513T3ADFL PLQP0048KB-B 64 Kbytes
R5F513T3ADFJ PLQP0032GB-A
R5F513T5AGFL PLQPO0048KB-B 128 Kbytes
R5F513T5AGFJ PLQP0032GB-A
—40 to +105°C
R5F513T3AGFL PLQPO0048KB-B 64 Kbytes
R5F513T3AGFJ PLQPO0032GB-A
5 3T 5 D FM
_ll Package type, number of pins, and pin pitch
FL: LFQFP/48/0.5
FJ: LQFP/32/0.8
D: Operating ambient temperature: —40 to +85°C
G: Operating ambient temperature: —40 to +105°C
A: 5V
ROM and RAM capacity
5: 128 Kbytes/12 Kbytes
3: 64 Kbytes/12 Kbytes
Group name
3T: RX13T Group
Series name
RX100 Series
Type of memory
F: Flash memory version
Renesas MCU
Renesas semiconductor product
Figure 1.1 How to Read the Product Part Number
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1.3 Block Diagram

Figure 1.2 shows a block diagram.

AN
) E2 DataFlash |
— IWDTa |
— CRC |
>| SClg x 2 channels |
| SCIh x 1 channel |
M — RIICa x 1 channel |
A~ ©
ROM ICb e — MTU3c x 6 channels |
~ -
(%2}
— J— 8 - POESC | | [Portd
[%2] K] : o)
3 N = >| CMT x 2 ch | it 0
CQ*E é E x 2 channels (unit 0) |
RAM k19 I 8 y  12-bit A/D converter x 8 channels
i | : e
3l [0 £ o Programmable gain amplifier
S =
£ N g g x 3 channels
£ Q =
| [l £ Sample and hold circuit
I Port 7
] >\/D 3 x 3 channels
RX CPU 2
=T g Port 9
~ E >| 8-bit D/A converter x 1 channel |
® Port A
Clock g j DOC |
generation = Port B
circuit % Comparator C x 3 channels |
~~
— CAC | Port D
NS
ICUb: Interrupt controller MTUSc: Multi-function timer pulse unit 3
DTCb: Data transfer controller POE3C: Port output enable 3
IWDTa: Independent watchdog timer DOC: Data operation circuit
CRC: CRC (cyclic redundancy check) calculator CAC: Clock frequency accuracy measurement circuit
SClg, SClh: Serial communications interface FPU: Floating process unit
RIICa: I2C bus interface
Figure 1.2 Block Diagram
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RX13T Group 1. Overview

1.4 Pin Functions

Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/2)

Classifications Pin Name /10 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply.
VCL — Connect this pin to the VSS pin via the 4.7 yF smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the pin.
VSS Input Ground pin. Connect it to the system power supply (0 V).
Clock XTAL Output  Pins for connecting a crystal. An external clock can be input through the
EXTAL Input  EXTAL pin.
Operating mode MD Input Pin for setting the operating mode. The signal levels on this pin must not
control be changed during operation.
System control RES# Input Reset pin. This MCU enters the reset state when this signal goes low.
CAC CACREF Input Input pin for the clock frequency accuracy measurement circuit.
On-chip FINED 1/0 FINE interface pin.
emulator
Interrupts NMI Input Non-maskable interrupt request pin.
IRQO to IRQ5 Input Interrupt request pins.
Multi-function MTIOCOA, MTIOCOB, 1/0 The TGRAO to TGRDO input capture input/output compare output/PWM
timer pulse unit3 MTIOCOC, MTIOCOD output pins.
MTIOC1A, MTIOC1B 1/0 The TGRA1 and TGRB1 input capture input/output compare output/PWM
output pins.
MTIOC2A, MTIOC2B 1/0 The TGRA2 and TGRB2 input capture input/output compare output/PWM
output pins.
MTIOC3A, MTIOC3B, 1/0 The TGRA3 to TGRD3 input capture input/output compare output/PWM
MTIOC3C, MTIOC3D output pins.
MTIOC4A, MTIOC4B, 1/0 The TGRA4 to TGRD4 input capture input/output compare output/PWM
MTIOC4C, MTIOC4D output pins.
MTIC5U, MTIC5V, MTIC5W  Input The TGRU5, TGRV5, and TGRWS input capture input/external pulse input
pins.
MTCLKA, MTCLKB, Input Input pins for the external clock.
MTCLKC, MTCLKD
ADSMO Output  A/D trigger output pin.
Port output POEO#, POES8#, POE10# Input Input pins for request signals to place the MTU pins in the high impedance
enable 3 state.
Serial e Asynchronous mode/clock synchronous mode
communications -
interface (SCIg) SCK1, SCK5 1/0 Input/output pins for the clock.
RXD1, RXD5 Input Input pins for received data.
TXD1, TXD5 Output  Output pins for transmitted data.
CTS1#, CTS5# Input Input pins for controlling the start of transmission and reception.
RTS1#, RTS5# Output  Output pins for controlling the start of transmission and reception.
o Simple 12C mode
SSCL1, SSCL5 1/0 Input/output pins for the 12C clock.
SSDA1, SSDA5 1/0 Input/output pins for the 12C data.
e Simple SPI mode
SCK1, SCK5 110 Input/output pins for the clock.
SMISO1, SMISO5 /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.
R01DS0341EJ0100 Rev.1.00 IZENESAS Page 8 of 65
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Table 1.4

Pin Functions (2/2)

Classifications

Pin Name

10

Description

Serial
communications

e Asynchronous mode/clock synchronous mode

interface (SCIh) SCK12 110 Input/output pin for the clock

RXD12 Input Input pin for received data

TXD12 Output  Output pin for transmitted 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 1/0 Input/output pin for the I2C clock

SSDA12 1/0 Input/output pin for the I2C data

e Simple SPI mode

SCK12 1/0 Input/output pin for the clock

SMISO12 1/0 Input/output pin for slave transmission of data

SMOSI12 1/0 Input/output pin for master transmission of data

SS12# Input Chip-select input pin

o Extended serial mode

RXDX12 Input Input pin for SCIf received data

TXDX12 Output  Output pin for SCIf transmitted data

SI0X12 1/0 Input/output pin for SCIf received or transmitted data

12C 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 /0 Input/output pin for 12C bus interface data. Bus can be directly driven by
the N-channel open drain output.

12-bit AID ANO0O0O to ANOO7 Input Input pins for the analog signals to be processed by the A/D converter.
converter ADTRGO# Input Input pin for the external trigger signals that start the A/D conversion.

ADSTO Output  Output pin for A/D conversion status.

Comparator C CMPCO00, CMPCO02, Input Analog input pin for CMPCO

CMPCO03

CMPC10, CMPC12, Input Analog input pin for CMPCA1

CMPC13

CMPC20, CMPC22 Input Analog input pin for CMPC2

COMPO to COMP2 Output Comparator detection result output pins.

CVREFCO Input Analog reference voltage supply pins for comparator C.

Analog power AVCCO Input Analog voltage supply pin for the 12-bit A/D converter, comparator C, and
supply the 8-bit D/A converter for generating comparator C reference voltage.
Connect this pin to VCC when these modules are not used.

AVSS0 Input Analog ground pin for the 12-bit A/D converter, comparator C, and the 8-
bit D/A converter for generating comparator C reference voltage. Connect
this pin to VSS when these modules are not used.

1/0 ports P10, P11 110 2-bit input/output pins.

P22 to P24 1/0 3-bit input/output pins.

P36, P37 1/0 2-bit input/output pins.

P40 to P47 1/0 8-bit input/output pins.

P70 to P76 1/0 7-bit input/output pins.

P93, P94 110 2-bit input/output pins.

PA2, PA3 1/0 2-bit input/output pins.

PBO to PB7 1/0 8-bit input/output pins.

PD3 to PD6 1/0 4-bit input/output pins.

PE2 Input 1-bit input pin.
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1.5 Pin Assignments

Figure 1.3 and Figure 1.4 show the pin assignments. Table 1.5 and Table 1.6 show the lists of pins and pin functions.
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Note: This figure indicates the power supply pins and VO port pins.

For the pin configuration, see the table “List of Pins and Pin Functions (48-Pin LFQFP)".

Figure 1.3

Pin Assignments of the 48-Pin LFQFP

R01DS0341EJ0100 Rev.1.00

Aug 20, 2019

RENESAS

Page 10 of 65



RX13T Group 1. Overview

[®]Vvss
Z]vce
R] P71
R] P72
[S]P73
< | P74
= P75
2] P76

P44 16] P93
P43 P94

P42 RX13T Group PBO
P41 PLQP0032GB-A PB1
P40 (32-pin LQFP) PB2
AVCCO (Upper perspective view) PB3

AVSS0 O PB6
P11 (9] PB7
L] [2](s][«][s][e][7][e]

— H - AN
oS HI P W
> % > >0

P37/XTAL
P36/EXT

Note: This figure indicates the power supply pins and /O port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (32-Pin LQFP)”".

Figure 1.4 Pin Assignments of the 32-Pin LQFP
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Table 1.5 List of Pins and Pin Functions (48-Pin LFQFP)
Power Supply,
Pin | Clock, System Timers Communications
No. | Control 1/0 Port (MTU, POE, CAC) (SCI, RIIC) Others
1 VCL
2 MD FINED
3 RES#
4 XTAL P37
5 VSS
6 EXTAL P36
7 VCC
8 PE2 POE10# NMI/IRQO
9 PD6 MTIOCOD CTS1#/RTS1#/SS1# IRQ5/ADSTO
10 PD5 MTIOCOC RXD1/SMISO1/SSCLA1 IRQ3
1 PD4 MTIOCO0B SCK1 IRQ2
12 PD3 MTIOCOA TXD1/SMOSI1/SSDA1
13 PB7 MTIOC3C/MTCLKD RXD1/SMISO1/SSCL1/RXD5/SMISO5/ IRQ5
SSCL5
14 PB6 MTIOC1B/MTIOC3A TXD1/SMOSI1/SSDA1/TXD5/SMOSI5/
SSDA5
15 PB5 ADTRGO#
16 PB4 POES8# IRQ3
17 PB3 MTIOCOA/CACREF SCK5/SCK12
18 PB2 MTIOCOB/MTCLKC/ADSMO TXD5/SMOSI5/SSDA5/SDAO
19 PB1 MTIOCOC/MTIC5W/MTCLKA RXD5/SMISO5/SSCL5/SCL0O IRQ2
20 PBO MTIOCOD/MTIOC2A/MTCLKB TXD12/TXDX12/SIOX12/SMOSI12/
SSDA12
21 PA3 MTIOC1B/MTIOC2A CTS12#/RTS12#/SS12#
22 PA2 MTIOC1A/MTIOC2B CTS5#/RTS5#/SS5# IRQ4
23 P94 MTIOC2B/MTIC5U/MTCLKA RXD12/RXDX12/SMISO12/SSCL12 IRQ1
24 P93 MTIOC1A/MTICS5V SCK5/SCK12 IRQO/ADTRGO#
25 P76 MTIOC4D
26 P75 MTIOC4C
27 P74 MTIOC3D
28 P73 MTIOC4B
29 P72 MTIOC4A
30 P71 MTIOC3B
31 P70 POEO# IRQ5
32 VCC
33 VSS
34 P24 MTIC5U RXD5/SMISO5/SSCL5 IRQ3/COMPO
35 P23 MTIC5V/CACREF TXD5/SMOSI5/SSDAS IRQ4/COMP1
36 P22 MTIC5W IRQ2/COMP2
37 P47*1 ANO07/CMPC13
38 P46*1 ANO006/CMPC03
39 P45*1 ANO005/CMPC22
40 P44*1 ANO004/CMPC12
41 P43*1 ANO03/CMPC02
42 P42*1 ANO002/CMPC20
43 P41*1 ANO01/CMPC10
44 P40*1 ANO00/CMPCO00
45 AVCCO
46 AVSSO
47 P11 MTIOC3A/MTCLKA/POES8# IRQ1/CVREFCO
48 P10 MTCLKB IRQO
Note 1. The power source of the 1/0 buffer for these pins is AVCCO.
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Table 1.6 List of Pins and Pin Functions (32-Pin LQFP)
Power Supply,
Pin | Clock, System Timers Communications
No. | Control 1/0 Port (MTU, POE, CAC) (SCI, RIIC) Others
1 VCL
2 MD FINED
3 RES#
4 XTAL P37
5 VSS
6 EXTAL P36
7 VvCC
8 PE2 POE10# NMI/IRQO
9 PB7 MTIOC3C/MTCLKD RXD1/SMISO1/SSCL1/RXD5/SMISO5/ IRQ5
SSCL5
10 PB6 MTIOC1B/MTIOC3A TXD1/SMOSI1/SSDA1/TXD5/SMOSI5/
SSDA5
1" PB3 MTIOCOA/CACREF SCK5/SCK12
12 PB2 MTIOCOB/MTCLKC/ADSMO TXD5/SMOSI5/SSDA5/SDAQ
13 PB1 MTIOCOC/MTIC5W/MTCLKA RXD5/SMISO5/SSCL5/SCLO IRQ2
14 PBO MTIOCOD/MTIOC2A/MTCLKB TXD12/TXDX12/SI0OX12/SMOSI12/
SSDA12
15 P94 MTIOC2B/MTIC5U/MTCLKA RXD12/RXDX12/SMISO12/SSCL12 IRQ1
16 P93 MTIOC1A/MTICSV SCK5/SCK12 IRQO/ADTRGO#
17 P76 MTIOC4D
18 P75 MTIOC4C
19 P74 MTIOC3D
20 P73 MTIOC4B
21 P72 MTIOC4A
22 P71 MTIOC3B
23 VvCC
24 VSS
25 P44*1 AN004/CMPC12
26 P43*1 AN003/CMPCO02
27 P42*1 AN002/CMPC20
28 P41*1 AN001/CMPC10
29 P40*1 AN000/CMPCO00
30 AVCCO
31 AVSS0
32 P11 MTIOC3A/MTCLKA/POES# IRQ1/CVREFCO

Note 1. The power source of the 1/0 buffer for these pins is AVCCO.
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RX13T Group 2. Electrical Characteristics

2. Electrical Characteristics

2.1 Absolute Maximum Ratings

Table 2.1 Absolute Maximum Ratings
Conditions: VSS =AVSS0=0V

Item Symbol Value Unit

Power supply voltage VCC -0.3t0 +6.5 Vv
Input voltage P40 to P47 Vin —-0.3 to AVCC0+0.3 \Y

PB1, PB2 (5-V tolerant) -0.3to +6.5

Other than above —0.3 to VCC+0.3
Analog power supply voltage AVCCO -0.3t0 +6.5 \%
Analog input voltage When ANOOO to AN0O7 used Van —-0.3 to AVCCO0+0.3 \%
Storage temperature Tstg -55to +125 °C

Caution: Permanent damage to the MCU may result if absolute maximum ratings are exceeded.

To preclude malfunctions due to noise interference, insert capacitors with high frequency characteristics between the VCC and
VSS pins, and between the AVCCO and AVSSO pins. Place capacitors with values of about 0.1 uF as close as possible to every
power supply pin and use the shortest and widest possible traces for the wiring.

Connect the VCL pin to a VSS pin via a 4.7-uF capacitor. The capacitor must be placed close to the pin.

Do not input signals to ports other than 5-V tolerant ports while the device is not powered.

The current injection that results from input of such a signal may cause malfunction and the abnormal current that passes in the
device at this time may cause degradation of internal elements.

Even if 0.3 to +6.5 V is input to 5-V tolerant ports, it will not cause problems such as damage to the MCU.

2.2 Recommended operating conditions

Table 2.2 Recommended Operating Conditions (1)

Item Symbol Min. Typ. Max. Unit
Power supply voltages VCC™, "2 2.7 — 55 \%
VSS — 0 —
Analog power supply voltages AVCCO0™, 2 VCC — 5.5 \%
AVSS0 — 0 —
Operating temperature D version Topr —40 — 85 °C
G version —40 — 105

Note 1. AVCCO and VCC can be set individually within the operating range.
Note 2. When powering on the VCC and AVCCO pins, power them on at the same time or the VCC pin first and then the AVCCO pin.

Table 2.3 Recommended Operating Conditions (2)

Item Symbol Value

Decoupling capacitance to stabilize the internal voltage CvcL 4.7 pF +3.0%*1

Note 1. Use a multilayer ceramic capacitor whose nominal capacitance is 4.7 yF and a capacitance tolerance is +30% or better.
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RX13T Group 2. Electrical Characteristics

2.3 DC Characteristics

Table 2.4 DC Characteristics (1)
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

. . Test
ltem Symbol Min. Typ. Max. Unit Conditions
Schmitt trigger | RIIC input pin Vi VCC x 0.7 — 5.8 \Y
input voltage (except for SMBus, 5-V tolerant)
PB1, PB2 (5-V tolerant) VCC x 0.8 — 5.8
P10, P11, P22 to P24, P36, P37, VCC x 0.8 — VCC +0.3
P70 to P76, P93, P94, PA2, PA3,
PBO, PB3 to PB7, PD3 to PD6,
PE2, RES#
P40 to P47 AVCCO x 0.8 — AVCCO +0.3
RIIC input pin (except for SMBus) Vi -0.3 — VCC x 0.3
P40 to P47 -0.3 — AVCCO x 0.2
Other than RIIC input pin or P40 to -0.3 — VCC x 0.2
P47
Schmitt trigger | RIIC input pin (except for SMBus) AVt VCC x 0.05 — —
input hysteresis 546t p47 AVCCO x 0.1 — —
Other than RIIC input pin or P40 to VCC x 0.1 — —
P47
Input level MD ViH VCC x 0.9 — VCC + 0.3 \
voltage (except ey a ™ e ternal clock input) VCC % 0.8 — VCC +03
for Schmitt
trigger input RIIC input pin (SMBus) 2.1 — VCC +0.3
pins) MD Vi 03 — VCC x 0.1
EXTAL (external clock input) -0.3 — VCC x 0.2
RIIC input pin (SMBus) -0.3 — 0.8
Table 2.5 DC Characteristics (2)
Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =—40to +105°C
ltem Symbol Min. Typ. Max. Unit Test Conditions
Input leakage current RES#, MD, PE2 | lin | — — 1.0 MA | Vi,=0V,VCC
Three-state leakage P40 to P47 [lrsi | — — 1.0 WA | V=0V, AVCCO
current (off-state) PB1, PB2 (5-V tolerant) — — 10 V, =0V,58V
Other than above — — 0.2 Vi,=0V,VCC
Input capacitance All input pins Cin — 4 15 pF |[Vip,=0mV,
f=1MHz,
T,=25°C
Input pull-up resistor All ports Ry 10 20 50 kQ |Vip=0V
(except for PE2)
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RX13T Group 2. Electrical Characteristics

Table 2.6 DC Characteristics (3)
Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =—-40to +105°C

Item Symbol | Typ.*4 | Max. | Unit Cor;rdeifit(ms
Supply | High-speed Normal No peripheral ICLK = 32 MHz lec 3.1 — mA
E;Jrrent operating mode | operating mode | operation*2 ICLK = 16 MHz 21 —
ICLK = 8 MHz 1.6 —
All peripheral ICLK = 32 MHz 10.6 —
?Speration: Normal ICLK = 16 MHz 6.0 —
ICLK = 8 MHz 3.6 —
All peripheral ICLK = 32 MHz — 18.1
operation: Max.*3

Sleep mode No peripheral ICLK = 32 MHz 1.5 —
operation*2 ICLK = 16 MHz 12 | —
ICLK = 8 MHz 1.0 —
All peripheral ICLK = 32 MHz 5.6 —
?3peration: Normal ICLK = 16 MHz 33 —
ICLK = 8 MHz 2.1 —
Deep sleep No peripheral ICLK = 32 MHz 1.0 —
mode operation*2 ICLK = 16 MHz 0.9 —
ICLK = 8 MHz 0.8 —
All peripheral ICLK = 32 MHz 3.8 —
?3peration: Normal ICLK = 16 MHz 23 —
ICLK = 8 MHz 1.6 —
Increase during BGO operation*® 2.5 —
Middle-speed Normal No peripheral ICLK =12 MHz 1.9 —
operating modes | operating mode | operation*6 ICLK = 8 MHz 13 —
ICLK = 1 MHz 0.3 —
All peripheral ICLK =12 MHz 4.8 —
operation: ICLK = 8 MHz 33 | —

Normal*?
ICLK = 1 MHz 0.9 —
All peripheral ICLK =12 MHz — 8.2

operation: Max.*”

Sleep mode No peripheral ICLK =12 MHz 1.2 —
operation"s ICLK = 8 MHz 07 | —
ICLK = 1 MHz 0.2 —
All peripheral ICLK =12 MHz 2.8 —
operation: ICLK = 8 MHz 19 | —

Normal*?
ICLK = 1 MHz 0.7 —
Deep sleep No peripheral ICLK =12 MHz 1.0 —
mode operation*6 ICLK = 8 MHz 06 —
ICLK = 1 MHz 0.1 —
All peripheral ICLK =12 MHz 21 —
operation: ICLK = 8 MHz 15 | —

Normal*?
ICLK = 1 MHz 0.6 —
Increase during BGO operation*d 25 —
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RX13T Group 2. Electrical Characteristics

Note 1.
Note 2.
Note 3.
Note 4.
Note 5.
Note 6.

Note 7.

Supply current values do not include output charge/discharge current from all pins. The values apply when internal pull-up
resistors are disabled.

Peripheral module clocks are stopped. This does not include BGO operation. The clock source is the PLL. FCLK and PCLK are
set for division by 64.

Peripheral module clocks are supplied. This does not include BGO operation. The clock source is the PLL. The FCLK and PCLK
operating clocks run at the same frequency as ICLK.

Values when VCC =5 V.

This is an increase caused by program/erase operation to the ROM or E2 DataFlash during executing the user program.
Peripheral module clocks are stopped. The clock source is the PLL when ICLK is 12 MHz, is the HOCO when the ICLK is at 8
MHz, or is the LOCO when the ICLK is at another frequency. FCLK and PCLK are set for division by 64.

Peripheral module clocks are supplied. The clock source is the PLL when ICLK is 12 MHz, is the HOCO when the ICLK is at 8
MHz, or is the LOCO when the ICLK is at another frequency. The FCLK and PCLK operating clocks run at the same frequency
as ICLK.

Table 2.7 DC Characteristics (4)
Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =—40to +105°C

ltem Symbol | Typ.*3 Max. Unit Test Conditions
Supply Software standby | T, =25°C lcc 0.44 0.74 pA
current™! | mode*2 T, =55°C 060 | 178
T,=85°C 1.16 8.36
T,=105°C 2.38 20.49
Note 1. Supply current values are with all output pins unloaded and all input pull-up resistors are disabled.
Note 2. The IWDT and LVD are stopped.
Note 3. VCC=5V.
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2. Electrical Characteristics

100 T
L e ey e T = T e e e Ta = 105°C
< T Ta=85°C™
=) 1
O Ta=105°C ™
o .
Ta=85C"
1F B T Ta=55"C
1 Ta=55C"
R I el Aot (aprpepeppepe s g D S T T T T L Ta=25°C™
T Ta=25°C™"
0.1
3 3.5 4 4.5 5 55 6
VCC (V)
Ta =25C" Ta=55°C" Ta =85°C" Ta=105C"
----- Ta =25°C™ Ta=55°C™ Ta =85°C 2 - = =Ta=105°C 2
Note 1. Indicates the average of the typical samples through actual measurement during product evaluation.
Note 2. Indicates the average of the upper-limit samples through actual measurement during product evaluation.
Figure 2.1 Voltage Dependency in Software Standby Mode (Reference Data)
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Note 1. Average value of the tested middle samples during product evaluation.
Note 2. Average value of the tested upper-limit samples during product evaluation.

Figure 2.2

Temperature Dependency in Software Standby Mode (Reference Data)
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RX13T Group

2. Electrical Characteristics

Table 2.8 DC Characteristics (5)
Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

ltem Symbol Typ. Max. Unit Test Conditions
Permissible total consumption power*1 Pd — 300 mwW D-version product
Permissible total consumption power*1 Pd — 105 mwW G-version product

Note:  Please contact a Renesas Electronics sales office for information on the derating of the G-version product. Derating is the
systematic reduction of load for the sake of improved reliability.
Note 1. Total power dissipated by the entire chip (including output currents)

Table 2.9 DC Characteristics (6)
Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol | Min. Typ.*2 Max. | Unit | Test Conditions

Analog power During A/D conversion lavee — 4.6 6.9 mA
supply current (when the sample-and-hold circuit and

programmable gain amplifier are in use)

During A/D conversion — 3.1 4.8

(when the sample-and-hold circuit is in use but

the programmable gain amplifier is not)

During A/D conversion — 25 3.9

(when the sample-and-hold circuit is not in use

but the programmable gain amplifier is)

During A/D conversion — 1.0 1.8

(when neither the sample-and-hold circuit nor

the programmable gain amplifier is in use)

During D/A conversion*1 — 0.7 1.0

Waiting for A/D and D/A conversion (all units) — — 1.4 WA
Comparator C Comparator enabled (per channel) lemp — 40 60 MA
operating current*3

Note 1. The value of the D/A converter is the value of the power supply current including the reference current.

Note 2. When VCC = AVCCO=5V.
Note 3. Current consumed only by the comparator C module.

Table 2.10 DC Characteristics (7)

Conditions: VCC=2.7V1t055V,AVCCO=VCCt055V,VSS=AVSS0=0V, T, =-40to +105°C

ltem Symbol Min. Typ. Max. Unit Test Conditions
Power-on VCC rising | At normal startup SrvCC 0.02 — 20 ms/V
gradient Voltage monitoring 0 reset 0.02 — —
enabled at startup*1, *2

Note 1. When OFS1.LVDAS = 0.
Note 2. Turn on the power supply voltage according to the normal startup rising gradient because the register settings set by OFS1 are

not read in boot mode.
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RX13T Group 2. Electrical Characteristics

Table 2.11 DC Characteristics (8)

Conditions: VCC =2.7Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

The ripple voltage must meet the allowable ripple frequency f; (ycc) within the range between the VCC upper limit (5.5 V) and
lower limit (2.7 V). When VCC change exceeds VCC £10%, the allowable voltage change rising/falling gradient dt/dVCC must be
met.

ltem Symbol Min. Typ. Max. Unit Test Conditions
Allowable ripple frequency fr (vee) — — 10 kHz Figure 2.3
Vr (VCC) <VCC x 0.2
— — 1 MHz Figure 2.3
Vi (vee) S VCC x 0.08
— — 10 Figure 2.3
Vr (vce) <VCC x 0.06
Allowable voltage change dt/dvCC 1.0 — — ms/V When VCC change exceeds VCC +10%
rising/falling gradient

A

1/ fr (vce)

VCC m Vi (vco

Figure 2.3 Ripple Waveform

Table 2.12 Permissible Output Currents
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Max. Unit

Permissible low-level output Large current ports (P71 to P76, PB6) loL 10.0 mA
current RIIC pins 6.0
Ports other than above Normal output mode 4.0
High-drive output mode 8.0

Permissible low-level output Total of large current ports ZloL 50 mA
current Total of all output pins 110

Permissible high-level output Large current ports (P71 to P76, PB6) loH -5.0 mA
current Ports other than above Normal output mode —4.0
High-drive output mode -8.0

Permissible high-level output Total of large current ports Zlon -25 mA
current Total of all output pins -35

Note: Do not exceed the permissible total supply current.
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2. Electrical Characteristics

Table 2.13

Conditions: VCC=2.7Vt04.0V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Output Values of Voltage (1)

Item Symbol Min. Max. Unit Test Conditions
Low-level Large current ports (P71 to P76, PB6) VoL — 0.5 Vv loL =10.0 mA
output voltage I'p) = ins Standard mode — 04 loL = 3.0 mA
Fast mode — 0.6 loL = 6.0 mA
Ports other than | Normal output mode — 0.5 loL = 1.0 mA
above High-drive output mode — 0.5 loL =2.0 mA
High-level Large current ports (P71 to P76, PB6) Vou VCC -0.5 — Vv lon =—5.0 mA
output voltage 'p44 15 pg7 AVCCO-05| — o = —1.0 mA
Ports other than | Normal output mode VCC-0.5 — loy =—-1.0 mA
above High-drive output mode VCC - 0.5 — loy = —2.0 mA

Table 2.14 Output Values of Voltage (2)
Conditions: VCC=4.0Vto55V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C
Item Symbol Min. Max. Unit Test Conditions
Low-level Large current ports (P71 to P76, PB6) VoL — 0.8 \Y loL =10.0 mA
output voltage ‘g ="ins Standard mode — 0.4 loL = 3.0 MA
Fast mode — 0.6 loL =6.0 mA
Ports other than | Normal output mode — 0.8 loL =2.0 mA
above High-drive output mode — 0.8 loL =4.0 mA
High-level Large current ports (P71 to P76, PB6) Vou vVCC-0.8 — \Y lop ==5.0 mA
output voltage 'p44't5 pg7 AVCCO-08 | — lon = —2.0 mA
Ports other than | Normal output mode VCC-0.8 — lon =—2.0 mA
above High-drive output mode VCC -0.8 — loy = —4.0 mA
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2.3.1 Normal I/0O Pin Output Voltage Characteristics

Table 2.15 Normal I/O Pin Vg Voltage Characteristics (Reference Data)
Conditions: VCC =AVCC0=3.3V,VSS=AVSS0=0V, Ta=25°C

Item Symbol | Min. | Typ. | Max. | Unit | Test Conditions
High-level All output pins Normal output mode Vou — |3.27| — V. |loy=-0.5mA
output voltage | (except for P71 to P76, PB6) _ [324| — loy = —1.0 mA
— |3.19| — loy =—2.0 mA
— [3.06| — loy =—4.0 mA
— 279 — loy =—8.0 mA
High-drive output mode | Vgy — 329 | — \Y lon =-0.5mA
— [3.28| — loy =-1.0 mA
— |325| — lon =—2.0mA
— 321 — oy =—4.0 mA
— |31 — oy =-8.0 mA
P71 to P76, PB6 Large current Ports VoH — 329 | — \Y lon =-1.0 mA
— 327 — loy =—2.0 mA
— 324 — loy =—4.0 mA
— |323| — lon =-5.0 mA
— |3.15| — loy =—10.0 mA
Table 2.16 Normal I/0 Pin Vg Voltage Characteristics (Reference Data)
Conditions: VCC = AVCC0 =5.0V, VSS =AVSS0 =0V, Ta=25°C
Item Symbol | Min. | Typ. | Max. | Unit | Test Conditions
High-level All output pins Normal output mode VoH — 498 — V. |loy=-0.5mA
output voltage | (except for P71 to P76, PB6) — 2908 | — lo = —1.0 mA
— |492| — oy =—2.0 mA
— |483| — loy =—4.0 mA
— |465| — loy =-8.0 MA
High-drive output mode | Vgy — 499 | — \Y lon =-0.5mA
— |4.98| — lon =-1.0mA
— 497 — oy =—2.0 mA
— |493| — loy =—4.0 mA
— |486| — loy =—8.0 mA
P71 to P76, PB6 Large current Ports VoH — 499 | — \Y lon=-1.0 mA
— 498 — loy =—2.0 mA
— 496 | — lon =—4.0 mA
— |4.95| — oy =-5.0 mA
— |4.89| — loy =—10.0 mA
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Table 2.17

Normal I/O Pin Vg, Voltage Characteristics (Reference Data)
Conditions: VCC = AVCC0=3.3V,VSS=AVSS0=0V, Ta=25°C

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

Low-level All output pins Normal output mode VoL — 10.02| — Vv loo =0.5 mA
output voltage | (except for P71 to P76, PB6) — loos5| — loL = 1.0 mA
— |0.09| — loL =2.0 mA
— |020| — loL =4.0 mA
— 043 | — loL = 8.0 mA
High-drive output mode | Vg — (001 — vV |lo.=0.5mA
— |0.02| — loL = 1.0 mA
— |0.04| — loL =2.0 mA
— |0.08| — loL =4.0 mA
— |0.16 | — loL = 8.0 mA
P71 to P76, PB6 Large current Ports VoL — 10.01| — \Y loL = 1.0 mA
— |0.02| — loL =2.0 mA
— |0.05| — loL =4.0 mA
— |0.06| — loL =5.0 mA

— |012| — loL = 10.0 mA

Table 2.18 Normal I/O Pin Vg, Voltage Characteristics (Reference Data)
Conditions: VCC = AVCC0 =5.0V,VSS =AVSS0 =0V, Ta =25°C
Item Symbol | Min. | Typ. | Max. | Unit | Test Conditions

Low-level All output pins Normal output mode VoL — 10.02| — Vv loo =0.5 mA
output voltage | (except for P71 to P76, PB6) — lo03| — o, = 1.0 A
— |0.07| — loL =2.0 mA
— |014| — loL =4.0 mA
— 029 | — loL = 8.0 mA
High-drive output mode | Vg — (001 — vV |lo.=0.5mA
— |0.01| — loL = 1.0 mA
— |0.03| — loL =2.0 mA
— |0.05| — loL =4.0 mA
— |01 | — loL = 8.0 mA

— 023 | — loL = 16.0 mA
P71 to P76, PB6 Large current Ports VoL — (001 — vV |lop=1.0mA
— |0.02| — loL =2.0 mA
— |0.03| — loL =4.0 mA
— |0.04| — loL =5.0 mA

— |0.09| — loL = 10.0 mA
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24 AC Characteristics

2.4.1

Table 2.19

Clock Timing

Operating Frequency Value (High-Speed Operating Mode)

Conditions: VCC=2.7V1t05.5V,AVCCO=VCCt055V,VSS=AVSS0=0V, T, =—-40to +105°C

ltem Symbol Min. Typ. Max. Unit

Maximum operating | System clock (ICLK) fmax — — 32 MHz
frequency*4 FlashIF clock (FCLK)*1, *2 — — 32
Peripheral module clock (PCLKB) — — 32
Peripheral module clock (PCLKD)*3 — — 32

Note 1. The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below 4
MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.

Note 2. The frequency accuracy of FCLK should be +3.5%.
Note 3. The minimum frequency of PCLKD is 1 MHz when the A/D converter is to be used.

Note 4. The maximum operating frequencies do not take errors in the HOCO frequency and jitters in the PLL signal. Refer to Table 2.21,

Clock Timing.
Table 2.20 Operating Frequency Value (Middle-Speed Operating Mode)
Conditions: VCC=2.7V1t055V,AVCCO=VCCt055V,VSS=AVSS0=0V, T, =-40to +105°C
Item Symbol Min. Typ. Max. Unit
Maximum operating | System clock (ICLK) frnax — — 12 MHz
frequency*4 FlashIF clock (FCLK)*1, *2 — — 12
Peripheral module clock (PCLKB) — — 12
Peripheral module clock (PCLKD)*3 — — 12

Note 1. The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below 4
MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.

Note 2. The frequency accuracy of FCLK should be +3.5%.
Note 3. The minimum frequency of PCLKD is 1 MHz when the A/D converter is to be used.

Note 4. The maximum operating frequencies do not take errors in the HOCO frequency and jitters in the PLL signal. Refer to Table 2.21,

Clock Timing.
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Table 2.21 Clock Timing

Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
EXTAL external clock input cycle time txeye 50 — — ns Figure 2.4
EXTAL external clock input high pulse width txH 20 — — ns
EXTAL external clock input low pulse width txL 20 — — ns
EXTAL external clock rise time txr — — 5 ns
EXTAL external clock fall time txs — — 5 ns
EXTAL external clock input wait time*? texwT 0.5 — — us
Main clock oscillator oscillation frequency*2 fVAIN 1 — 20 MHz
Main clock oscillation stabilization time (crystal)*2 tmaiNnosc — 3 — ms Figure 2.5
Main clock oscillation stabilization time (ceramic tmainosc — 50 — us
resonator)*2
LOCO clock oscillation frequency fLoco 3.44 4.0 4.56 MHz
LOCO clock oscillation stabilization time tLoco — — 0.5 us Figure 2.6
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 kHz
IWDT-dedicated clock oscillation stabilization time tiLoco — — 50 us Figure 2.7
HOCO clock oscillation frequency fhoco 31.52 32 32.48 MHz T,=-40to +85°C
31.68 32 32.32 T, =-20to +85°C
31.36 32 32.64 T, =-40to +105°C
HOCO clock oscillation stabilization time thoco — — 41.3 us Figure 2.9
PLL circuit oscillation frequency foLL 24 — 32 MHz
PLL clock oscillation stabilization time tpLL — — 74.4 us Figure 2.10
PLL free-running oscillation frequency feLLFR — 8 — MHz

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 resonator 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 resonator-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.

< txore »
B txH e txL R
EXTAL external clock input | vce x0.5
txr txr
Figure 2.4 EXTAL External Clock Input Timing
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MOSCCR.MOSTP \

{’{’
tmainosc
Main clock oscillator output W\I\J

Figure 2.5 Main Clock Oscillation Start Timing

LOCOCR.LCSTP

tLoco

LOCO clock oscillator output 7l_\_/_\_/—

Figure 2.6 LOCO Clock Oscillation Start Timing

ILOCOCR.ILCSTP
» tiLoco o
[« >
IWDT-dedicated clock oscillator output w

Figure 2.7 IWDT-Dedicated Clock Oscillation Start Timing
RES# 7l
Internal reset 7[
R —

OFS1.HOCOEN

Figure 2.8 HOCO Clock Oscillation Start Timing (After Reset is Canceled by Setting OFS1.HOCOEN Bit to 0)
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£

HOCOCR.HCSTP \

tHoco
HOCO clock % \ , \ /

HOCO Clock Oscillation Start Timing (Oscillation is Started by Setting HOCOCR.HCSTP Bit)

Figure 2.9
MOSCCR.MOSTP
tM,:\INOSC 0 0
Main clock oscillator output & } \ / \
PLLCR2.PLLEN i B
i:,PLL -
PLL clock [ \ ’
Figure 2.10 PLL Clock Oscillation Start Timing (PLL is Operated after Main Clock Oscillation Has Settled)
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242 Reset Timing

Table 2.22 Reset Timing
Conditions: VCC =2.7Vto 5.5V, AVCCO=VCCto5.5V,VSS=AVSS0=0V, T, =-40to +105°C

ltem Symbol Min. | Typ. | Max. Unit Test Conditions

RES# pulse width At power-on tReSWP 3 — — ms Figure 2.11

Other than above tRESW 30 — — us Figure 2.12
Wait time after RES# cancellation (at power-on) tRESWT — 27.5 — ms Figure 2.11
Wait time after RES# cancellation tRESWT — 120 — ps Figure 2.12
(during powered-on state)
Independent watchdog timer reset period trResSWIW — 1 — IWDT clock | Figure 2.13

cycle

Software reset period tRESWSW — 1 — ICLK cycle
Wait time after independent watchdog timer reset cancellation*? tRESW2 — 300 — us
Wait time after software reset cancellation tRESW?2 — 170 — us

Note 1. When IWDTCR.CKS[3:0] = 0000b.

vee ] ’ ’

£

tRESWP

Internal reset « «
R L4

tRESWT

Figure 2.11 Reset Input Timing at Power-On

tresw

RES# 7
Internal reset \

” ”

—

tReswT

Figure 2.12 Reset Input Timing (1)

treswiw tREswsw

Independent watchdog timer reset l 5

Software reset G ]

trReswm

Figure 2.13 Reset Input Timing (2)
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Timing of Recovery from Low Power Consumption Modes

Table 2.23 Timing of Recovery from Low Power Consumption Modes (1)
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

. . Test
Item Symbol | Min. | Typ. | Max. | Unit Conditions
Recovery time | High-speed Crystal connected to | Main clock oscillator | tsgymc — 2 3 ms | Figure 2.14
from software mode main clock oscillator | operating*2
*1
standby mode Main clock oscillator | tsgypc — 2 3

and PLL circuit
operating*3

External clock input | Main clock oscillator | tsgyex — 35 50 us
to main clock operating*4
oscillator Main clock oscillator | tsgypg — 70 95

and PLL circuit
operating*>

HOCO clock oscillator operating tseYHO — 40 55

LOCO clock oscillator operating tseyLO — 40 55

Note:

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

Values when the frequencies of PCLKB, PCLKD, and FCLK are not divided.

The recovery time varies depending on the state of each oscillator when the WAIT instruction is executed. The recovery time
when multiple oscillators are operating varies depending on the operating state of the oscillators that are not selected as the
system clock source. The above table applies when only the corresponding clock is operating.

When the frequency of crystal is 20 MHz.

When the main clock oscillator wait control register (MOSCWTCR) is set to 04h.

When the frequency of PLL is 32 MHz.

When the main clock oscillator wait control register (MOSCWTCR) is set to 04h.

When the frequency of the external clock is 20 MHz.

When the main clock oscillator wait control register (MOSCWTCR) is set to 00h.

When the frequency of PLL is 32 MHz.

When the main clock oscillator wait control register (MOSCWTCR) is set to 00h.

Table 2.24 Timing of Recovery from Low Power Consumption Modes (2)
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

. . Test
Item Symbol | Min. | Typ. | Max. | Unit Conditions
Recovery time | Middle-speed | Crystal connected to | Main clock oscillator | tsgymc — 2 3 ms | Figure 2.14
from software mode main clock oscillator | operating*2
*1
standby mode Main clock oscillator | tsgypc — 2 3

and PLL circuit
operating*3

External clock input | Main clock oscillator | tsgyex — 3 4 us
to main clock operating*4
oscillator Main clock oscillator | tsgypg — 65 85

and PLL circuit
operating*>

HOCO clock oscillator operating tseYHO — 40 50
LOCO clock oscillator operating tseyLO — 5 7

Note:  Values when the frequencies of PCLKB, PCLKD, and FCLK are not divided.

Note 1. The recovery time varies depending on the state of each oscillator when the WAIT instruction is executed. The recovery time
when multiple oscillators are operating varies depending on the operating state of the oscillators that are not selected as the
system clock source. The above table applies when only the corresponding clock is operating.

Note 2. When the frequency of the crystal is 12 MHz.
When the main clock oscillator wait control register (MOSCWTCR) is set to 04h.

Note 3. When the frequency of the PLL is 24 MHz and that of the ILCK is 12 MHz.
When the main clock oscillator wait control register (MOSCWTCR) is set to 04h.

Note 4. When the frequency of the external clock is 12 MHz.
When the main clock oscillator wait control register (MOSCWTCR) is set to 00h.

Note 5. When the frequency of the PLL is 24 MHz and that of the ILCK is 12 MHz.
When the main clock oscillator wait control register (MOSCWTCR) is set to 00h.

RO1DS0341EJ0100 Rev.1.00 ENESAS Page 29 of 65

Aug 20, 2019

2. Electrical Characteristics



RX13T Group

2. Electrical Characteristics

IRQ

Oscillator | |

Y

ICLK | |
(4

OF

Uy
JuEpE]

£
Y

Software standby mode

< »

tseymc, tseyrc tseyex tseypE
tseyHq tsyLO

Figure 2.14

Table 2.25

Software Standby Mode Recovery Timing

Timing of Recovery from Low Power Consumption Modes (3)

Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =—-40to +105°C

Iltem Symbol Min. Typ. Max. Unit Test Conditions
Recovery time from deep | High-speed mode*2 tpsLp — 2 3.5 us Figure 2.15
*1
sleep mode Middle-speed mode*3 tosLp — 3 4

Note: Values when the frequencies of PCLKB, PCLKD, and FCLK are not divided.
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.
Oscillator|||||||||||||_r|||||||||
ICLK||—| ||||||
4 %
IRQ ?
b Deep sleep mode
D ——
tosLp
Figure 2.15 Deep Sleep Mode Recovery Timing
Table 2.26 Operating Mode Transition Time

Conditions: VCC =2.7 V to AVCCO0, AVCC0=2.7Vt05.5V,VSS=AVSS0=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 modes 8 MHz — 10 — us
Middle-speed operating modes High-speed operating mode 8 MHz — 37.5 — us

Note:

Values when the frequencies of PCLKB, PCLKD, and FCLK are not divided.
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244 Control Signal Timing

Table 2.27 Control Signal Timing
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min. Typ. | Max. | Unit Test Conditions
NMI pulse width | tywvw 200 — — ns | NMI digital filter disabled 2 % tpgyc <200 ns
2 % tpoye”! — — (NMIFLTE.NFLTEN = 0) 2 % tpoye > 200 ns
200 — — NMI digital filter enabled 3 x tymick <200 ns
3.5 % tyiok™2 — — (NMIFLTE.NFLTEN = 1) 3 % tywick > 200 ns
IRQ pulse width | trqw 200 — — ns | IRQ digital filter disabled 2 x tpgye <200 ns
2 % tpoye™! — — (IRQFLTEO.FLTENI = 0) 2 % tpeyo > 200 ns
200 — — IRQ digital filter enabled 3 x tirack <200 ns
35 % traok™ — — (IRQFLTEO.FLTENi = 1) 3 % traok > 200 ns

Note: 200 ns minimum in software standby mode.

Note 1. tpcyc indicates the cycle of PCLKB.

Note 2. tymick indicates the cycle of the NMI digital filter sampling clock.

Note 3. tirqck indicates the cycle of the IRQi digital filter sampling clock (i = 0 to 5).

/ \
NMI ! 7] \
tNMIW tNMIW
Figure 2.16 NMI Interrupt Input Timing
IRQI \ 71‘ \
) tIF{QW A tIRQW !
Figure 2.17 IRQ Interrupt Input Timing
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24.5 Timing of On-Chip Peripheral Modules

Table 2.28 Timing of On-Chip Peripheral Modules (1)
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min. Max. Unit™ | Test Conditions
1/O ports Input data pulse width terw 1.5 — tpeye Figure 2.18
MTU Input capture input pulse width Single-edge setting tricw 1.5 — tpeye Figure 2.19
Both-edge setting 25 —
Timer clock pulse width Single-edge setting trekwHs 1.5 — Figure 2.20
Both-edge setting frokw 25 —
Phase counting mode 2.5 —
POE POE# input pulse width troew 1.5 — tpeye Figure 2.21
Output disable time Transition of the POE# signal level tpoEDI — 5 tpeyc + 0.24 us Figure 2.22

In the case of falling-
edge detection
(ICSRm.POENM[3:0]

=0000 (m =1, 3, 4;

n=0,8,10))
Simultaneous conduction of output pins troEDO — 3tpeyc+ 0.2 Figure 2.23
Detection of comparator outputs troEDC — 5 tpeyc + 0.2 Figure 2.24

When the noise filter
for a comparator C is
not in use
(CMPCTL.CDFSJ[1:0]
=00), and the values
exclude the time until
the level of the
detection signal
changes after a
comparator C detects
the required change

in voltage.
Register setting tpoEDS — 1 tpeyc + 0.2 Figure 2.25
Time for access to the
register is not
included.
Oscillation stop detection tpoEDOS — 21 Figure 2.26
SCI Input clock cycle Asynchronous tscye 4 - tpeye Figure 2.27
Clock synchronous 6 —
Input clock pulse width tsckw 0.4 0.6 tseyc
Input clock rise time tsckr — 20 ns
Input clock fall time tsckf — 20
Output clock cycle Asynchronous tscye 16 - tpeye Figure 2.28
C=30pF
Clock synchronous 4 —
Output clock pulse width tsckw 0.4 0.6 tseyc
Output clock rise time tsckr — 20 ns
Output clock fall time tsckf — 20
Transmit data delay time Clock synchronous trxp — 40
(master)
Transmit data delay time Clock VCC =4.0V or above — 40
(slave) synchronous
VCC = 2.7V or above — 65
Receive data setup time Clock VCC =4.0V or above trxs 40 —
(master) synchronous
VCC = 2.7 V or above 65 —
Receive data setup time Clock synchronous 40 —
(slave)
Receive data hold time Clock synchronous tRXH 40 —
A/D converter | Trigger input pulse width trrRew 1.5 — tpeyc Figure 2.29
CAC CACREF input pulse width tpeyc < teac 2 tcACREF 4.5 teac * 3 tpeye — ns
tPt:yc > tc;ac;‘2 5teac+ 6.5 tPcyc
Note 1. tpeyc: PCLK cycle
Note 2. t;5.: CAC count clock source cycle
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Table 2.29 Timing of On-Chip Peripheral Modules (2)
Conditions: VCC =2.7 Vto 5.5V, AVCCO=VCCto5.5V,VSS=AVSS0=0V, T, =—40to +105°C, C = 30 pF

ltem Symbol Min. Max. Unit*t Co:;fitons
Simple | SCK clock cycle output (master) tspeyc 65536 tpeye Figure 2.30
SPI SCK clock cycle input (slave) —
SCK clock high pulse width tsPckwH 0.4 0.6 tspeye
SCK clock low pulse width tspekwL 0.4 0.6
SCK clock rise/fall time tspckr tspcks — 20 ns
Data input setup time (master) VCC=40Vor tsu 40 — ns Figure 2.31,
above Figure 2.32
VCC=27Vor 65 —
above
Data input setup time (slave) 40 —
Data input hold time ty 40 —
SS input setup time tLEAD — tspeyc
SS input hold time tLac —
Data output delay time (master) top — 40 ns
Data output delay time (slave) VCC=4.0Vor — 40
above
VCC=27Vor — 65
above
Data output hold time Master ton -10 —
Slave -10 —
Data rise/fall time tor tof — 20
SS input rise/fall time tssLr tssif — 20
Slave access time tsa — 6 treyc Figure 2.33,
Slave output release time tReL — Figure 2.34
Note 1. tpeyc: PCLK cycle
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Table 2.30

Timing of On-Chip Peripheral Modules (3)

Conditions: VCC=2.7V1t055V,AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min.*1. *2 Max. Unit CorT;fitons

RIIC SCL cycle time tscL | 6 (12) * tjceyc + 1300 — ns | Figure 2.35
ﬁfézr;‘?e’sr&Bus) SCL high pulse width tsctt | 3 (6) * tioyo + 300 —

SCL low pulse width tscLL 3 (6) * tjjceyc + 300 —

SCL, SDA rise time tsr — 1000

SCL, SDA fall time tsf — 300

SCL, SDA spike pulse removal time tsp 0 1(4) % Yiceye

SDA bus free time tsur 3 (6) x tyjceyc + 300 —

START condition hold time tsTAH ticeye + 300 —

Repeated START condition setup time tsTas 1000 —

STOP condition setup time tstos 1000 —

Data setup time tspas tiiceye + 90 —

Data hold time tspaH 0 —

SCL, SDA capacitive load Cp3 — 400 pF
RIIC SCL cycle time tscL 6 (12) x tjjceyc + 600 — ns | Figure 2.35
(Fastmode)  I'Sc| high pulse width tsctt | 3 (6) * tioyo + 300 —

SCL low pulse width tscLL 3 (6) * tjjceyc + 300 —

SCL, SDA rise time tsr — 300

SCL, SDA fall time tsf — 300

SCL, SDA spike pulse removal time tsp 0 1(4) % ficeye

SDA bus free time tsuF 3 (6) * tyceyc + 300 —

START condition hold time tsTAH tiiceye + 300 —

Repeated START condition setup time tsTas 300 —

STOP condition setup time tstos 300 —

Data setup time tspas tiiceye + 90 —

Data hold time tspaH 0 —

SCL, SDA capacitive load Cp3 — 400 pF

Note 1.
Note 2.

bit = 1.
Note 3.

Cy, is the total capacitance of the bus lines.

ticeye: RIIC internal reference count clock (1IC¢) cycle
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
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Table 2.31 Timing of On-Chip Peripheral Modules (4)
Conditions: VCC =2.7 Vto 5.5V, AVCCO=VCCto5.5V,VSS=AVSS0=0V, T, =—40to +105°C

Item Symbol Min. Max. Unit CorT;fitons

Simple 12C SDA rise time tsy — 1000 ns | Figure 2.35
(Standard mode)  'gpp il time tor — 300

SDA spike pulse removal time tsp 0 4 % tpgyc*t

Data setup time tspas 250 —

Data hold time tspaH 0 —

SCL, SDA capacitive load Cp*2 — 400 pF
Simple 12C SDA rise time tsy — 300 ns | Figure 2.35
(Fast mode) SDA fall time tor — 300

SDA spike pulse removal time tsp 0 4 % tpgyc*t

Data setup time tspas 100 —

Data hold time tspaH 0 —

SCL, SDA capacitive load Cp*2 — 400 pF

Note 1. tpeyc: PCLK

cycle

Note 2. C,, is the total capacitance of the bus lines.

Port

X

tPRW

1

Figure 2.18 1/0 Port Input Timing

Output
compare output

Input capture
input

e _ /N L S S

X

tncw

Figure 2.19 MTU Input/Output Timing
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PCLK /—\—/—\—! m m
«
MTCLKAto MTCLKD 5‘

» »”i »
' Ll ) L}
trokwi trekwh

Figure 2.20 MTU Clock Input Timing

PeLK /—\_/—\_/—\_/—\_/—L

POEN# input \ /
A tPOEW ”
Figure 2.21 POE# Input Timing (n =0, 8, 10)
POEN# input XV 7[
tPOEW
MTU PWM output pins jE Outputs disabled

tPOE DI

Figure 2.22 Output Disable Time for POE in Response to Transition of the POEn# Signal Level (n =0, 8, 10)
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Simultaneous active-level outputs detected*"

N
v
MTU PWM output pins : gs;%?etz
—\——‘}/—AC

troEDO

Note 1. When the active level is set to low .

Figure 2.23 Output Disable Time for POE in Response to the Simultaneous Conduction of Output Pins

COMPnN level detection r
signal 7

\_Outputs disabled

MTU PWM output pins _

tPOE DC

Figure 2.24 Output Disable Time for POE in Response to Detection of the Comparator Outputs (n = 0 to 2)

Corresponding bit in P
the SPOER register

Outputs disabled
MTU PWM output pins jf utputs disable:

tPOE DS

Figure 2.25 Output Disable Time for POE in Response to the Register Setting
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Main clock Ty
Oscillation stop detection r
signal (internal signal) ]
MTU PWM output pins j{—OUtp“ts disabled
tPOEDOS !
Figure 2.26 Output Disable Time for POE in Response to the Oscillation Stop Detection
tsckw tsckr tscke
< »> — e <
I s
SCKn / \ \
7 |
< tScyc »
n=1,512
Figure 2.27 SCK Clock Input Timing
SCkn m
trxp
I —
tRXS tRXH
v | S )
n=1>512
Figure 2.28 SCI Input/Output Timing: Clock Synchronous Mode
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ADTRGO#
y

Y

trrow
Figure 2.29 AID Converter External Trigger Input Timing
tspckwh tspckr tspeks
Simple SPI
SCKn

Master select output

tspckwH

SCKn

Slave select input tspokwi

VOH =0.7 x VCC, Vo|_= 0.3 xVCC, V|H= 0.7 x VCC, V||_= 0.3 xVCC

n=1,512

Figure 2.30 Simple SPI Clock Timing
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Simple SPI
SCKn ZZ \ ; \
CKPOL =0 7
output
SCKn X
CKPOL =1 S< 7 /
output
tsy ty
SMISOn
MSB IN DATA LSB IN MSB IN
o B o s ) (uee
tEr,tq l—» toH —y foo
SMOSIn A 3 % r
Z MSB OUT §< DATA >§ LSB OUT >< IDLE ><MSB ouT
output % 4 « -
)
n=1,5,12

Figure 2.31 Simple SPI Clock Timing (Master, CKPH = 1)

Simple SPI
SCKn /— - /—
CKPOL = 1 ] N
output _— | —
SCKn — —
CKPOL =0 Y \ \
output \— N
tsu th
eor e o o .
E: top _tE"th
gl'}fgﬁ"” §< MSB OUT ): DATA >< LSB OUT A{ IDLE ><MSB ouT
n=1,512
Figure 2.32 Simple SPI Clock Timing (Master, CKPH = 0)
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Simple SPI

SSn#
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SCKn
CKPOL =0
input
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CKPOL =1
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Figure 2.33

Simple SPI Clock Timing (Slave, CKPH = 1)

Simple SPI

SSn#
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SCKn
CKPOL =1
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SMOSIn
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—
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Figure 2.34

Simple SPI Clock Timing (Slave, CKPH = 0)
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y
SDA
Vv A A /N\
_ " ] \ N
tsur
l<
- <} tsas — <ty 3 tsTos
scL / \/
P T S A P’
tSDAS
< tspan
Test conditions
Note 1. S, P, and Srindicate the following conditions, respectively . - -
St START condition Vin =VCC x 07, Vi =VCC x0.3
P: STOP condition
Sr: Repeated START condition
Figure 2.35 RIIC Bus Interface Input/Output Timing and Simple I2C Bus Interface Input/Output Timing
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25 A/D Conversion Characteristics

Table 2.32 A/D Conversion Characteristics (1)
Conditions: VCC=45Vto5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C, Source impedance =

1.0 kQ
ltem Min. Typ. Max. Unit Test Conditions
Frequency 1 — 32 MHz
Resolution — — 12 Bit
Conversion time*1 Sample-and-hold circuit 1.41 — — us High-precision channel
(Operation at not in use ADSSTRN.SST[7:0] bits = 0Dh
PCLKD = 32 MHz) Sample-and-hold circuit 2.16 — — High-precision channel
in use ADSSTRN.SST[7:0] bits = 0Dh
ADSHCR.SSTSH][7:0] bits = 0Bh
ANO00O to 002 = 0.25 V to AVCCO —
0.25V
Analog input capacitance — — 12 pF
Offset error Sample-and-hold circuit — +0.5 +4.5 LSB
not in use
Sample-and-hold circuit — 1.5 6.5
in use
Full-scale error Sample-and-hold circuit — +0.75 +4.5 LSB
not in use
Sample-and-hold circuit — +1.5 6.5
in use
Quantization error — 0.5 — LSB
Absolute accuracy Sample-and-hold circuit — +1.25 5.0 LSB
not in use
Sample-and-hold circuit — 3.0 8.0 ANOO0O to 002 = 0.25V to AVCCO —
in use 0.25
DNL differential nonlinearity error — 0.5 +1.5 LSB
INL integral nonlinearity error — 1.5 +4.0 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.
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Table 2.33 A/D Conversion Characteristics (2)
Conditions: VCC =2.7V1t05.5V,AVCCO=VCCto5.5V,VSS=AVSS0=0V, T, =—40 to +105°C, Source impedance =

1.0 kQ
Item Min. Typ. Max. Unit Test Conditions
Frequency 1 — 32 MHz
Resolution — — 12 Bit
Conversion time*1 Sample-and-hold circuit 1.41 — — us High-precision channel
(Operation at not in use ADSSTRnN.SST[7:0] bits = 0Dh
PCLKD = 32 MHz) Sample-and-hold circuit 2.25 — — High-precision channel
in use ADSSTRN.SST[7:0] bits = 0Dh
ADSHCR.SSTSHJ7:0] bits = OEh
ANO00O to 002 =0.25 V to AVCCO —
025V
Analog input capacitance — — 12 pF
Offset error Sample-and-hold circuit — +0.5 +4.5 LSB
not in use
Sample-and-hold circuit — +1.5 6.5
in use
Full-scale error Sample-and-hold circuit — 10.75 4.5 LSB
not in use
Sample-and-hold circuit — +1.5 6.5
in use
Quantization error — 0.5 — LSB
Absolute accuracy Sample-and-hold circuit — +1.25 5.0 LSB
not in use
Sample-and-hold circuit — +3.0 8.0 ANO00O to 002 = 0.25V to AVCCO —
in use 0.25
DNL differential nonlinearity error — 0.5 1.5 LSB
INL integral nonlinearity error — 1.5 4.0 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.

Table 2.34 A/D Converter Channel Classification

Classification Channel Conditions Remarks

High-precision channel ANO0O0O to AN0O7 AVCCO = 2.7 to 5.5V Pins ANOOO to ANOO7 cannot be
used as digital outputs when the
A/D converter is in use.

Internal reference voltage input channel Internal reference voltage | AVCCO = 2.7 to 5.5V

Table 2.35 A/D Internal Reference Voltage Characteristics
Conditions: VCC =2.7 V to 5.5V, AVCCO0 = VCC to 5.5V, VSS =AVSS0 =0V, T, =-40 to +105°C

Item Min. Typ. Max. Unit Test Conditions

Internal reference voltage input channel*! 1.36 1.43 1.50 Vv

Note 1. The A/D internal reference voltage indicates the voltage when the internal reference voltage is input to the A/D converter.
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Figure 2.36 lllustration of A/D Converter Characteristic Terms

Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of analog
input voltage (1-LSB width), that can meet the expectation of outputting an equal code based on the theoretical A/D
conversion characteristics, is used as an analog input voltage. For example, if 12-bit resolution is used and if reference
voltage (AVCCO) is 3.072 V, then 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, 1.5 mV, ... are used as analog
input voltages.

If analog input voltage is 6 mV, absolute accuracy = +5 LSB means that the actual A/D conversion result is in the range
of 003h to 00Dh though an output code, 008h, can be expected from the theoretical A/D conversion characteristics.

Integral nonlinearity error (INL)
Integral nonlinearity error is the maximum deviation between the ideal line when the measured offset and full-scale
errors are zeroed, and the actual output code.
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Differential nonlinearity error (DNL)
Differential nonlinearity error is the difference between 1-LSB width based on the ideal A/D conversion characteristics
and the width of the actual output code.

Offset error
Offset error is the difference between a transition point of the ideal first output code and the actual first output code.

Full-scale error
Full-scale error is the difference between a transition point of the ideal last output code and the actual last output code.
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2.6 Programmable Gain Amplifier Characteristics

Table 2.36 Programmable Gain Amplifier Characteristics
Conditions: VCC =2.7 Vto AVCCO, AVCC0=45Vt05.5V,VSS=AVSS0=0V, T, =-401to +105°C
Symbol Min. Typ. Max. Unit Test Conditions
Input offset voltage Vpoff — — 8 mV
Input voltage range Voin Vipout (MIN)/G — Vpout (Max)/G \
Output voltage range G =2.000, Vpout 0.1 x AVCCO — 0.9 x AVCCO \
2.500, 3.077
G =5.000, 0.15 x AVCCO — 0.85 x AVCCO
8.000, 10.000
Gain G 2.000 — 10.000
Gain error G =2.000, Gerr — +1.0 1.5 %
2.500, 3.077
G =5.000, — 1.5 25
8.000, 10.000
Slew rate SR 10 — — Vius
Operation stabilization wait time tstart — — 5.0 us
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2.7 Comparator Characteristics

Table 2.37 Comparator Characteristics

Conditions: VCC=2.7Vto5.5V,AVCCO=VCC1t05.5V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
Offset voltage Veioff — — 20 mV
Reference input voltage range Veref 0 — AVCCO \
Response time ter — — 200 ns VOD =100 mV
CMPCTL.CDFS =0
ter — — 200
Stabilization wait time for input towait 300 — — ns
selection
Operation stabilization wait time temp — — 1 us
A
Reference input v 100mv
voltage A Y
100 m/ \
\4
CMPCO00, 02, 03
CMPC10, 12, 13
CMPC20, 22
ter
—>
ter
COMPN
(n=0t02)
Figure 2.37 Comparator Response Time
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2.8 D/A Conversion Characteristics

Table 2.38 D/A Conversion Characteristics
Conditions: VCC=27Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V, T, =-40to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions
Resolution — — — Bit
Conversion time tbconv — — 3.0 us
Absolute accuracy — — +1.0 +3.0 LSB
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29 Power-On Reset Circuit and Voltage Detection Circuit Characteristics

Table 2.39 Power-On Reset Circuit and Voltage Detection Circuit Characteristics (1)

Conditions: VCC=2.7V1t05.5V,AVCCO=VCCt055V,VSS=AVSS0=0V, T, =—-40to +105°C

ltem Symbol Min. Typ. Max. Unit Test Conditions
Voltage detection Power-on reset (POR) Vpor 1.35 1.50 1.65 \ Figure 2.38, Figure 2.39
level Voltage detection circuit | Vgeo o | 367 | 384 | 397 Figure 2.40
(LvDO)*1 Vaeo 1 270 282 3.00 At falling edge VCC
Vdeto_2 2.37 2.51 2.67
Voltage detection circuit Vdet1 0 412 4.29 4.42 Figure 2.41
(LVD1)*2 Vaerr 1 308 414 4.8 At falling edge VCC
Vdet1_2 3.86 4.02 4.16
Vdet1_3 3.68 3.84 3.98
Vdet1_4 2.99 3.10 3.29
Vet1 5 2.89 3.00 3.19
Vdet1_6 2.79 2.90 3.09
Vdet1_7 2.68 2.79 2.98
Vdet1_8 2.57 2.68 2.87
Voltage detection circuit Viet2_0 4.08 4.29 4.48 Figure 2.42
(LvD2)*3 Vaero 1 395 414 435 At falling edge VCC
Vdet2_2 3.82 4.02 4.22
Vet2_ 3 3.62 3.84 4.02

Note:  These characteristics apply when noise is not superimposed on the power supply. When a setting is made so that the voltage
detection level overlaps with that of the voltage detection circuit (LVD2), it cannot be specified which of LVD1 and LVD2 is used
for voltage detection.

Note 1. nin the symbol Vdet0_n denotes the value of the OFS1.VDSEL[1:0] bits.

Note 2. nin the symbol Vdet1_n denotes the value of the LVDLVLR.LVD1LVL[3:0] bits.
Note 3. nin the symbol Vdet2_n denotes the value of the LVDLVLR.LVD2LVL][1:0] bits.
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Table 2.40 Power-On Reset Circuit and Voltage Detection Circuit Characteristics (2)

Conditions: VCC =2.7Vt0 5.5V, AVCCO =VCCto05.5V,VSS=AVSS0=0V, Ta=-40to +105°C

ltem Symbol Min. Typ. Max. Unit Test Conditions

Wait time after power-on reset cancellation tpor — 284 — ms Figure 2.39

Wait time after voltage monitoring O reset t vbo — 568 — us Figure 2.40

cancellation

Wait time after voltage monitoring 1 reset tLvD1 — 100 — us Figure 2.41

cancellation

Wait time after voltage monitoring 2 reset tLvp2 — 100 — us Figure 2.42

cancellation

Response delay time tget — — 350 us Figure 2.38

Minimum VCC down time*" tvorF 350 — — us Figure 2.38, VCC = 1.0 V or
above

Power-on reset enable time tw(PoR) 1 — — ms Figure 2.39, VCC = below 1.0
\Y

LVD operation stabilization time (after LVD is TdEe-p) — — 300 us Figure 2.41, Figure 2.42

enabled)

Hysteresis width (power-on reset (POR)) VpORH — 110 — mV

Hysteresis width (LVDO, LVD1 and LVD2) VivH — 70 — mV Vdet0_0 to 2 selected
Vdet1_0 to 4 selected

— 60 — Vdet1_5 to 8, LVD2 selected

Note:  These characteristics apply when noise is not superimposed on the power supply. When a setting is made so that the voltage
detection level overlaps with that of the voltage detection circuit (LVD1), it cannot be specified which of LVD1 and LVD2 is used

for voltage detection.

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels Vpogr, Vgeto,

Vget1, @and Vo for the POR/LVD.

‘tVOFF
VCC
VPOR
1.0V
Internal reset signal
(active-low)
“-»> | 44 >
taet  taet teor
Figure 2.38 Voltage Detection Reset Timing
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VPOR
VCC
1.0V
. tw(POR)

Internal reset signal
(active-low)

o>le >

taet  tPor

valid voltage (1.0 V).
When VCC turns on, maintain twror) for 1.0 ms or more.

Note 1. t,por, is the time required for a poweron reset to be enabled while the external power VCC is being held below the

Figure 2.39 Power-On Reset Timing

tvorr
Velo Veon / Vivh
Internal reset signal
(active-low)
s > >
[ de|‘ tLvoo
Figure 2.40 Voltage Detection Circuit Timing (Vgeto)
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tvorr

vce Veett / 5 A

LVD1E

<ﬂ Tae-n)

LVD1
Comparator output

LVD1CMPE

LVD1MON

Internal reset signal
(active -low)
When LVD1RN = L

- ole o
taet taet tLvps

When LVD1RN =H

A

tLvps

Figure 2.41 Voltage Detection Circuit Timing (Vget1)

tvorr

<

vVCC Ver / 5 Vivk

LVD2E

LVD2
Comparator output

LVD2CMPE

LVD2MON

Internal reset signal
(active-low)
When LVD2RN = L

@<
tdet tdet tLVDZ

When LVD2RN = H

tLvoz

Figure 2.42 Voltage Detection Circuit Timing (Vyet2)
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2.10 Oscillation Stop Detection Timing

Table 2.41 Oscillation Stop Detection Timing
Conditions: VCC =2.7 Vto 5.5V, AVCCO=VCCto 5.5V, VSS=AVSS0=0V, Ta=-40to +105°C
Min. Typ. Max. Unit Test Conditions

Item Symbol

— — 1 ms Figure 2.43

Detection time tyr

Main clock \HH’} Main clock \’\H’j\‘

+—> <t—>
dr

tar

OSTDSR.OSTDF 7[ OSTDSR.OSTDF 1

Low-speed clock , \ / \ / PLL clock J\N\NV\N\N\_I_\_I_U_\_I_\
e VUV /e iWMINLUTUTLT

When the main clock is selected
When the PLL clock is selected

Figure 2.43 Oscillation Stop Detection Timing
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211 ROM (Code Flash Memory) Characteristics

Table 2.42 ROM (Code Flash Memory) Characteristics (1)

Iltem Symbol Min. Typ. Max. Unit Conditions
Program/erase cycle*! Npec 1000 — — Times
Data retention | After 1000 times of erase torp 20%2,*3 — — Year |T,=+85°C

Note 1. Definition of program/erase cycle: The program/erase cycle is the number of erasing for each block. When the number of
program/erase cycles is n, each block can be erased n times. For instance, when 4-byte program is performed 256 times for
different addresses in a 1-Kbyte block and then the block is erased, the program/erase cycle is counted as one. However, the
same address cannot be programmed more than once before the next erase cycle (overwriting is prohibited).

Note 2. Characteristic when using the flash programmer and the self-programming library provided from Renesas Electronics.

Note 3. This result is obtained from reliability testing.

Table 2.43 ROM (Code Flash Memory) Characteristics (2) High-Speed Operating Mode
Conditions: VCC=2.7Vto 5.5V, AVCCO=VCCto55V,VSS=AVSS0=0V

Temperature range for program/erase: T, = —40 to +105°C

ttem Symbol FCLK = 1 MHz FCLK = 32 MHz Unit
Min. Typ. Max. Min. Typ. Max.
Program time 4-byte tps — 103 931 — 52 489 us
Erase time 1-Kbyte te1k — 8.23 267 — 5.48 214 ms
128-Kbyte te128K — 203 463 — 20 228
Blank check time 4-byte taca — — 48 — — 15.9 us
1-Kbyte tsc1k — — 1.58 — — 0.127 ms
Erase operation forcible stop time tsep — — 21.6 — — 12.8 us
Start-up area switching setting time tsas — 12.6 543 — 6.16 432 ms
Access window setting time taws — 12.6 543 — 6.16 432 ms
ROM mode transition wait time 1 tpis 2 — — 2 — — us
ROM mode transition wait time 2 tms 5 — — 5 — — us

Note:  Does not include the time until each operation of the flash memory is started after instructions are executed by software.

Note:  The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below
4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.

Note:  The frequency accuracy of FCLK should be +3.5%. Check the accuracy of the frequency from the clock source.
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Table 2.44 ROM (Code Flash Memory) Characteristics (3) Middle-Speed Operating Mode
Conditions: VCC=2.7Vto5.5V,AVCCO0=VCCto55V,VSS=AVSS0=0V

Temperature range for program/erase: T, = —40 to +85°C

ttem Symbol FCLK =1 MHz FCLK =8 MHz Unit
Min. Typ. Max. Min. Typ. Max.
Program time 4-byte tps — 143 1330 — 96.8 932 us
Erase time 1-Kbyte teqk — 8.3 269 — 5.85 219 ms
128-Kbyte te128K — 203 464 — 46 260
Blank check time 4-byte teca — — 78 — — 50 us
1-Kbyte tsc1k — — 1.61 — — 0.369 ms
Erase operation forcible stop time tsep — — 33.6 — — 25.6 us
Start-up area switching setting time tsas — 13.2 549 — 7.6 445 ms
Access window setting time taws — 13.2 549 — 7.6 445 ms
ROM mode transition wait time 1 tois 2 — — 2 — — us
ROM mode transition wait time 2 tms 3 — — 3 — — us

Note:  Does not include the time until each operation of the flash memory is started after instructions are executed by software.

Note:  The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below
4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.

Note:  The frequency accuracy of FCLK should be +3.5%. Check the accuracy of the frequency from the clock source.
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E2 DataFlash (Data Flash Memory) Characteristics

Table 2.45 E2 DataFlash Characteristics (1)

2. Electrical Characteristics

Item Symbol Min. Typ. Max. Unit Conditions
Program/erase cycle*! Nppec 100000 | 1000000 — Times
Data retention | After 10000 times of erase topre 20%2,*3 — — Year T, =+85°C
After 100000 times of erase 5*2,*3 — —
After 1000000 times of erase — 1%2,%3 — Ta=+25°C

Note 1.

Note 2.
Note 3.

Definition of program/erase cycle: The program/erase cycle is the number of erasing for each block. When the number of
program/erase cycles is n, each block can be erased n times. For instance, when 1-byte program is performed 1000 times for
different addresses in a 1-Kbyte block and then the block is erased, the program/erase cycle is counted as one. However, the
same address cannot be programmed more than once before the next erase cycle (overwriting is prohibited).

Characteristic when using the flash programmer and the self-programming library provided from Renesas Electronics.

These results are obtained from reliability testing.

Table 2.46 E2 DataFlash Characteristics (2): high-speed operating mode
Conditions: VCC=2.7Vto5.5V,AVCCO=VCCto55V,VSS=AVSS0=0V

Temperature range for program/erase: T, = —40 to +105°C

FCLK =1 MHz FCLK = 32 MHz
ltem Symbol Unit
Min. Typ. Max. Min. Typ. Max.
Program time 1-byte top1 — 86 761 — 40.5 374 us
Erase time 1-Kbyte tDE1K — 17.4 456 — 6.15 228 ms
4-Kbyte tpEak — 35.8 474 — 7.5 229
Blank check time 1-byte tpec1 — — 48 — — 15.9 us
1-Kbyte tDBC‘lK — — 1.58 — — 0.127 ms
Erase operation forcible stop time tbsep — — 215 — — 12.8 us
DataFlash STOP recovery time tbsTop 5.0 — — 5 — — us
Note:  Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note:  The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below
4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.
Note:  The frequency accuracy of FCLK should be +3.5%.

Table 2.47 E2 DataFlash Characteristics (3): middle-speed operating mode
Conditions: VCC=2.7Vt0o5.5V,AVCCO0=VCCto55V,VSS=AVSS0=0V

Temperature range for program/erase: T, = —40 to +85°C

FCLK =1 MHz FCLK = 8 MHz
Item Symbol Unit
Min. Typ. Max. Min. Typ. Max.
Program time 1-byte top4 — 126 1160 — 85.4 818 us
Erase time 1-Kbyte tbE1K — 17.5 457 — 7.76 259 ms
4-Kbyte tpEak — 35.9 476 — 9.0 260
Blank check time 1-byte tpec1 — — 78 — — 50 us
1-Kbyte tDBC‘]K — — 1.61 — — 0.369 ms
Erase operation forcible stop time tbsep — — 33.5 — — 255 us
DataFlash STOP recovery time tbstop 720 — — 720 — — ns
Note:  Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note:  The lower-limit frequency of FCLK is 1 MHz during programming or erasing of the flash memory. When using FCLK at below
4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.
Note:  The frequency accuracy of FCLK should be +3.5%.
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213 Usage Notes

2.13.1 Connecting VCL Capacitor and Bypass Capacitors

This MCU integrates an internal voltage-down circuit, which is used for lowering the power supply voltage in the
internal MCU to adjust automatically to the optimum level. A 4.7-uF capacitor needs to be connected between this
internal voltage-down power supply (VCL pin) and VSS pin. Figure 2.44 to Figure 2.45 shows how to connect
external capacitors. Place an external capacitor close to the pins. Do not apply the power supply voltage to the VCL pin.
Insert a multilayer ceramic capacitor as a bypass capacitor between each pair of the power supply pins. Implement a
bypass capacitor to the MCU power supply pins as close as possible. Use a recommended value of 0.1 puF as the
capacitance of the capacitors. For the capacitors related to crystal oscillation, see section 9, Clock Generation Circuit
in the User’s Manual: Hardware. For the capacitors related to analog modules, also see section 26, 12-Bit A/D
Converter (S12ADF) in the User’s Manual: Hardware.

For notes on designing the printed circuit board, see the descriptions of the application note “Hardware Design Guide”
(RO1AN1411EJ). The latest version can be downloaded from Renesas Electronics Website.
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Appendix 1. Package Dimensions

Information on the latest version of the package dimensions or mountings has been displayed in “Packages” on Renesas
Electronics Corporation website.

JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LFQFP48-7x7-0.50 PLQPO048KB-B — 0.2g9
HD
36 25
ikl Ny
37 o I 24
—"— T
—"— T
—"— T
—"— T
—"— T w W
(- - ~ T
—"— T !
—"— T
—"— T
—"— T
48 I /K e
‘ 4 ]

12 NOTE ¢

Index area
NOTE 3

1. DIMENSIONS "x1" AND “x2" DO NOT INCLUDE MOLD FLASH.

2. DIMENSION "«3" DOES NOT INCLUDE TRM OFFSET.

3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHN THE HATCHED AREA.

4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.

Reference Dimension in Millimeters
Symbol Min Nom Max
D 6.9 7.0 74
E 6.9 7.0 741
2 | — | 14 | —
HD 8.8 9.0 9.2
( \ 5 HE | 88 | 90 | 92
< 2 ! S A — | — | 17
j MR A | 005 | — | o
. YN oo | 047 | 020 | 0.27
I c 0.09 0.20
Lp 6 0° | 35 8°
L] e | — | o5 | —
Detal F X — — 0.08
y — | — | 008
lp | 045 | 06 | 075
1 | — | 10 | —
Figure A 48 -Pin LFQFP (PLQP0048KB-B)
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JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFP32-7x7-0.80 PLQP0032GB-A P32GA-80-GBT-1 0.2
HD
-x-zD
(24 7 )
1 ]jes 16|11
detail of lead end
1 (171
1] [ 1T ] \
1] mimm - o
—+ E HE \
1] [ 1T ] oy
1] [ 1T ] j
0 - L
1 (171
I8 [ 1T ]
. (UNIT:mm)
ITEM DIMENSIONS
A E 7.00+0.10
A2 HD 9.00+0.20
HE 9.00+0.20
/ \ A 1.70 MAX.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance 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
the LSI, 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSI is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1. 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 or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by

you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application

examples.
3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by

you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the

product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all

liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or

other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified

ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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

and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics

products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable

laws and regulations.

9. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.
1
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party in advance of the contents and conditions set forth in this document.

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

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

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third

(Rev.4.0-1 November 2017)
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