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various communications interfaces such as an SPI multi-I/O bus controller, and safety functions

Features

n On-chlp 32-bit Arm Cortex-R4 processor

High-speed realtime control with maximum operating frequency of
150 MHz
Capable of 249 DMIPS

e On-chip 32-bit Arm Cortex-R4 (revision r1p4)

e Tightly coupled memory (TCM) with ECC: 512 Kbytes/32 Kbytes

e Instruction cache/data cache with ECC: 8 Kbytes per cache

e High-speed interrupt

e The FPU supports addition, subtraction, multiplication, division,
multiply-and-accumulate, and square-root operations at single-
precision and double-precision.

e Harvard architecture with 8-stage pipeline

e Supports the memory protection unit (MPU)

e Arm CoreSight architecture, includes support for debugging
through JTAG and SWD interfaces

= Low power consumption
e Standby mode, and module stop function

m Data transfer
e DMACAa: 16 channels x 2 units

m Event link controller
e Module operations can be started by event signals rather than by
interrupt handlers.
e Linked operation of modules is available even while the CPU is in
the sleep state.

m Reset and power supply voltage control
e Three reset sources including a pin reset
e Dual power-voltage configuration: 3.3 V (I/O unit), 1.2 V
(internal)

m Clock functions
e Oscillator input frequency: 25 MHz
e CPU clock frequency: 150 MHz
e Low-speed on-chip oscillator (LOCO): 240 kHz

m Independent watchdog timer
e Operated by a clock signal obtained by frequency-dividing the
clock signal from the low-speed on-chip oscillator: Up to 120 kHz

m Safety functions
e Register write protection, input clock oscillation stop detection,
CRC, and IWDTa
e An error control module is incorporated to generate a pin signal
output, interrupt, or internal reset in response to errors originating
in the various modules.

PLBGO196GA-B  12x12mm, 0.8-mm pitch

m Various communications interfaces

EtherCAT slave controller: 2 ports

USB 2.0 high-speed host/function : 1 channel

CAN (compliant with ISO11898-1): 1 channel

SCIFA with 16-byte transmission and reception FIFOs: 5 channels
I12C bus interface: 1 channel for transfer at up to 400 kbps

RSPIa: 2 channels

SPIBSC: Provides a single interface for multi-I/O compatible
serial flash memory

m 8 extended-function timers
e 16-bit CMT (6 channels), 32-bit CMTW (2 channels)

m General-purpose I/O ports
e 5-V tolerance, open drain, input pull-up

m Multi-function pin controller

e  The locations of input/output functions for peripheral modules are
selectable from among multiple pins.

m Operating temperature range*1
e  Tj=-40°C to +125°C
Tj: Junction temperature

Note 1. When the operating temperature (junction temperature) is 110°C or higher, refer to the precautions regarding the high-temperature operation on

the EC-1 (RO1AN3998).
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EC-1 1. Overview

1. Overview

1.1 Outline of Specifications

This LSI circuit is a high-performance industrial MCU equipped with the Arm® Cortex®-R4 processor with FPU, and
incorporating integrated peripheral functions necessary for system configuration. Table 1.1 lists the specifications in
outline, and Table 1.2 gives a list of functions.

Table 1.1 Outline of Specifications (1/ 3)

Classification = Module/Function Description

CPU Central processing unit e Operating frequency
(Cortex-R4) 196-pin FBGA:150 MHz
32-bit CPU Cortex-R4 designed by Arm (core revision r1p4)
Address space: 4 Gbytes
Instruction cache: 8 Kbytes (with ECC)
Data cache: 8 Kbytes (with ECC)
Tightly coupled memory (TCM)
ATCM: 512 Kbytes (with ECC)
BTCM: 32 Kbytes (with ECC)
Instruction set: Arm v7-R architecture, so support includes Thumb® and Thumb-2
Data arrangement
Instructions: Little endian
Data: Little endian
Memory protection unit (MPU)

FPU Supports addition, subtraction, multiplication, division, multiply-and-accumulate, and
ortex-| square-root operations at single- and double-precision.

Cortex-R4 t ti t singl d doubl isi

Registers

32-bit single-word registers: 32 bits x 32

(can be used as 16 double-word registers: 64 bits x 16)

Operating modes SPI boot mode (for booting up from serial flash memory)

Clock Clock generation circuit e The input clock can be selected from an external resonator.
Detection of input clock oscillation stopping

The following clocks are generated.

CPU clock:150 MHz (fixed)

System clock: 150 MHz (fixed)

High-speed peripheral module clock: 150 MHz (fixed)
Low-speed peripheral module clock: 75 MHz (fixed)
Low-speed on-chip oscillator: 240 kHz (fixed)

Reset RES# pin reset, error control module (ECM) reset, software reset

Low power Low power consumption e Standby mode (Cortex-R4)
¢ Module stop function

Interrupt Cortex-R4 ¢ Peripheral function interrupts: 87
vector interrupt o External interrupts: 15 sources
controller (VIC) (NMI, IRQO to IRQ4, IRQ6, IRQ7, IRQY, IRQ11 to IRQ14, ETHO_INT, ETH1_INT)
¢ Non-maskable interrupts: 2 sources
» Sixteen levels specifiable for the order of priority

Data transfer Direct memory access e 2 units (16 channels for unit 0, 16 channels for unit 1)
controller (DMACAa) ¢ Transfer modes: Single transfer mode and block transfer mode
o Transfer size
Unit 0: 1/2/4/16/32/64 bytes
Unit 1: 1/2/4/16 bytes
o Activation sources: External interrupts, on-chip peripheral module requests, and
software requests

1/0 ports General-purpose ¢ 196-pin FBGA
1/0 ports I/0 pins: 115
Input pins: 8
Pull-up/pull-down resistors: 115
5-V tolerance: 5

Event link controller (ELC) ¢ Event signals can be interlinked with the operation of modules.
e In particular, the operation of timer modules can be started by input event signals.
¢ Event-linked operation of signals of ports B and E is to be possible.

R01DS0289EJ0140 Rev.1.40 RENESAS Page 2 of 58
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Table 1.1 Outline of Specifications (2 / 3)

Classification Module/Function

Description

Multi-function pin controller (MPC)

The locations of input/output functions are selectable from among multiple pins.

Timer Compare match timer
(CMT)

(16 bits x 2 channels) x 3 units

Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 75 MHz)

Event linking by the ELC (channel 1 of unit 0 only)

Compare match timer W
(CMTW)

(32 bits x 1 channel) x 2 units

Compare-match, input-capture input, and output-comparison output are available.
Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 75 MHz)

Interrupt requests can be output in response to compare-match, input-capture, and
output-comparison events.

Digital noise filter function for signals on the input capture pins

Event linking by the ELC

Watchdog timer (WDTA)

14 bits x 1 channel

» Select from among six counter-input clock signals for each channel (with maximum

operating frequency of 75 MHz)

Independent watchdog
timer (IWDTa)

14 bits x 1 channel

Counter-input clock: Low-speed on-chip oscillator (LOCO)/2

Dedicated clock/1, dedicated clock/16, dedicated clock/32, dedicated clock/64,
dedicated clock/128, dedicated clock/256 (with maximum operating frequency of 120
kHz)

Communication EtherCAT Slave
function Controller (ESC)*1

¢ 1 channel (2 ports)

EtherCAT Slave Controller IP core (made by Beckhoff Automation GmbH) implemented

USB 2.0 HS host/
function module

1 port

Compliance with the USB 2.0 specification
Transfer rate

High speed (480 Mbps), full speed (12 Mbps)
Communications buffer

Incorporates 1 Kbyte of RAM for host mode
Incorporates 8 Kbytes of RAM for function mode

Serial communication
interface with FIFO
(SCIFA)

5 channels

Serial communications modes: Asynchronous, clock synchronous*?

On-chip baud rate generator allows selection of the desired bit rate

Choice of LSB-first or MSB-first transfer

Both the transmission and reception sections are equipped with 16-byte FIFO buffers,
allowing continuous transmission and reception.

Bit rate modulation

I2C bus interface (RIICa)

1 channel

Supports 12C bus format
Supports the multi-master
Max. transfer rate: 400 kbps

CAN module (RSCAN)

1 channel

Compliance with the ISO11898-1 specification (standard frame and extended frame)
Message buffers

Max. 64 x 1 channel of receive message buffers

16 transmit message buffers per channel

Max. transfer rate: 1 Mbps

R0O1DS0289EJ0140 Rev.1.40
Oct. 30, 2020
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Table 1.1 Outline of Specifications (3 / 3)

Classification Module/Function

Description

Communication  Serial peripheral
function interface (RSPla)

e 2 channels

¢ RSPI transfer facility

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

Capable of handling serial transfer as a master or slave

Data formats

Switching between MSB first and LSB first

The number of bits in each transfer can be changed to any number of bits from 8 to 16,
or 20, 24, or 32 bits.

128-bit buffers for transmission and reception

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

Buffered structure

Double buffers for both transmission and reception

RSPCK can be stopped automatically with the receive buffer full for master reception
Event linking by the ELC

SPI multi I/0 bus
controller (SPIBSC)

¢ 1 channel

One serial flash memory with multiple 1/0 bus sizes (single/dual/quad) can be
connected.

o External address space read mode (built-in read cache)

¢ SPI operating mode

¢ Clock polarity and clock phase can be selected.

o Maximum transfer rate: 300 Mbps (for quad)

Safety Register write protection  Protects important registers from being overwritten for in case a program runs out of
function control.
CRC calculator (CRC) ¢ CRC code generation for arbitrary amounts of data in 8-, 16-, or 32-bit units

o Select any of four generating polynomials:
X324+ X26 + X23 + X22 + X16 + X124+ XM + X100+ X8+ X7 + X5+ X4 + X2+ X +1 (32-
Ethernet),
X16 + X12 + X5 + 1 (16-CCITT),
X8 + X4 + X3 + X2 + 1 (8-SAEJ1850),
X8 + X5 + X3 + X2 + X + 1 (8-0x2F)

Input clock oscillation
stop function

Input clock oscillation stop detection: Available

Clock monitor circuit

Monitors the abnormal output clock frequency from the PLL circuit or low-speed on-chip

(CLMA) oscillator.
Error control module o Generates an interrupt, internal reset, or error output for the error signal input from each
(ECM) module.

¢ Time-out function
o The error control is duplicated in the master and the checker.

Power supply voltage

VDD = PLLVDDO = PLLVDD1 = DVDD_USB =1.14t0 1.26 V
VCCQ33 =VDD33_USB=3.0t0 3.6V

Operating temperature*3

Tj=-40 to +125°C

Package

196-pin FBGA: 12 x 12 mm, 0.8-mm pitch PLBG0196GA-B

Debugging interface

o CoreSight architecture designed by Arm
» Debugging function by the JTAG/SWD interface, and trace function by the trace port/
SWV interface

Note 1. EtherCAT is a registered trademark of Beckhoff Automation GmbH, Germany.

Note 2. Channels 3 and 4 are used only in asynchronous mode.

Note 3. When the operating temperature (junction temperature) is 110°C or higher, refer to the precautions regarding the high-
temperature operation on the EC-1(R0O1AN3998).

R0O1DS0289EJ0140 Rev.1.40
Oct. 30, 2020
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Table 1.2 List of Functions
EC-1
Module/Function 196 Pins
Interrupt External interrupt NMI, IRQO to 4, IRQ6, IRQ7, IRQY, IRQ11 to
IRQ14, ETHO_INT, ETH1_INT
DMA DMA controller (DMACAa) chO0 to ch31
Timers Compare match timer (CMT) chO to ch5
Compare match timer W (CMTW) ch0, ch1
Watchdog timer (WDTA) ch0
Independent watchdog timer (IWDTa) Available
Communication | EtherCAT slave controller (ESC) 2 ports
function USB 2.0 HS host/function module (USB) ch0
Serial communications interface with FIFO (SCIFA) chO to ch4*1
I2C bus interface (RIICa) ch1
Serial peripheral interface (RSPla) ch0, ch1
CAN module (RSCAN) ch1
SPI multi 1/0 bus controller (SPIBSC) ch0
CRC calculator (CRC) Available
Clock monitor circuit (CLMA) Available
Event link controller (ELC) Available

Note 1. Channels 3 and 4 are used only in asynchronous mode.

R0O1DS0289EJ0140 Rev.1.40
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EC-1 1. Overview

1.2 List of Products

Table 1.3 is a list of products.

Table 1.3 List of Products

Part No. Package CPU Operating Frequency (max.)
R9A06G043GBG 196 pins (PLBG0196GA-B) Cortex-R4 150 MHz
R01DS0289EJ0140 Rev.1.40 RENESAS Page 6 of 58
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1.3 Block Diagram

Figure 1.1 shows a block diagram of a 196-pin device.

j| ELC |
.
| SCIFA x 5 channels* CMT x 2 channels (unit 0)
| RSPlaxzchames [ CMT x 2 channels (unit 1)
EsC I N I CMT x 2 channels (unit 2) Port 4
o
had B, CMTW x 1 channel (unit 0)
Port 5
% T CMTW x 1 channel (unit 1)
:
~ ol WDTAx1ch
—{ pwacaax s |
channels Q:| IWDTa
[ (unit0) &
Port 8
E) >| RIIC x 1 channel |
—{ B chameis | |
q  (unit1) >| RSCAN x 1 channel |
N
- ¥ﬁ§ — CRC | Port A
©
«tpot [~ j| CLMA | Port B
Cg v:| ECM | Port C
2
Cortex-R4
vIC P
MPU | [ el
L
E Port G
TCM 8
£
generation
circuit ~
ESC: EtherCAT slave controller CMT: Compare match timer
DMACAa: DMA controller CMTW: Compare match timer W
SPIBSC: SPI multi I/O bus controller RIICa: 12C bus interface
WDTA: Watchdog timer RSCAN: CAN module
IWDTa: Independent watchdog timer CRC: CRC (cyclic redundancy check) calculator
SCIFA: Serial communication interface with FIFO CLMA: Clock monitor circuit
RSPIla: Serial peripheral interface ECM: Error control module
USB: USB 2.0 HS host/function module
VIC: Vector interrupt controller
MPU: Memory protection unit
ELC: Event link controller Note: Channels 3 and 4 are used only in asynchronous mode.
Figure 1.1 Block Diagram
R0O1DS0289EJ0140 Rev.1.40 -zENESAS Page 7 of 58
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14 Pin Functions

Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/3)
Classifications Pin Name 110 Description
Power supply VDD Input Power supply pin. Connect this pin to the system power supply.
VSS Input Ground pin. Connect this pin to the system power supply (0 V).
VCCQ33 Input Power supply pin for I/O pin
PLLVDDO, PLLVDD1 Input Power supply pins for the on-chip PLL oscillator
PLLVSSO, PLLVSS1 Input Ground pins for the on-chip PLL oscillator. Connect these pins to
the system power supply (0 V).
Clock XTAL Qutput Connected to a crystal resonator.
EXTAL Input
CLKOUT25MO, Output Output the external clock for EtherCAT PHY.
CLKOUT25M1
System control RES# Input Reset signal input pin. This LSI enters the reset state when this
signal goes low.
BSCANP Input Inputs the boundary scan enable signal. Boundary scan is enabled
when this pin goes high. When not used, it should be driven low.
ERROROUT# Output Outputs the error signal from the error control module (ECM).
RSTOUT# Output Outputs the reset signal externally.
Debugging interface TRST# Input Test reset pin for on-chip emulator
TMS 1/0 Test mode select pin for on-chip emulator
TDI Input Test data input pin for on-chip emulator
TDO Output Test data output pin for on-chip emulator
TCK Input Test clock pin for on-chip emulator
TRACECLK Output Outputs the clock for synchronization with the trace data.
TRACECTL Output Outputs the enable signal for trace control.
TRACEDATAO to Output Output the trace data.
TRACEDATA7
Interrupt NMI Input Inputs the non-maskable interrupt request signal.
IRQO to IRQ4, IRQS6, Input Input the external interrupt request signal.
IRQ7, IRQY, IRQ11 to
IRQ14
ETHO_INT, ETH1_INT Input Input the EtherCAT PHY interrupt request signal.
Compare match timer W TICO to TIC3 Input CMTW input capture input pins
(CMTW) TOCO to TOC3 Output CMTW output compare output pins
Serial communication SCKO to SCK2 1/0 Clock 1/O pins
interface with FIFO -
(SCIFA) RXDO to RXD4 Input Input the receive data.
TXDO to TXD4 Output Output the transmit data.
CTSO# to CTS2# 110 Hardware flow control input (transmission enable signal)/general
output
RTSO# to RTS2# Output Hardware flow control output (transmission request signal)/general
output
I2C bus interface (RIICa)  SCL1 110 Clock 1/O pin. The bus can be directly driven by the N-channel
open drain.
SDA1 /0 Data I/O pin. The bus can be directly driven by the N-channel open
drain.
R01DS0289EJ0140 Rev.1.40 -zENESAS Page 8 of 58
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Table 1.4 Pin Functions (2/3)

Classifications Pin Name 110 Description

EtherCAT slave controller ETHO_TXC, ETH1_TXC Input Transmission clock input pins

(ESC) ETHO_TXEN, Output Output the transmission enable signal.
ETH1_TXEN
ETHO_TXDO to 3, Output Output the transmission data signal.
ETH1_TXDOto 3
ETHO_RXC, ETH1_RXC Input Receive clock input pins
ETHO_RXDV, Input Input the receive data enable signal.
ETH1_RXDV
ETHO_RXER, Input Input the receive data error signal.
ETH1_RXER
ETHO_RXDO to 3, Input Input the receive data signal.
ETH1_RXDO to 3
ETH_MDC Output Output the management interface clock.
ETH_MDIO /10 Management data signal 1/0 pin
PHYLINKO, Input Input the PHY Link signal.
PHYLINK1
PHYRESETOUT# Output Output the PHY RESET signal
CATLEDRUN Output Outputs the EtherCAT RUN LED signal.
CATIRQ Output Outputs the EtherCAT IRQ signal.
CATLEDSTER Output Outputs the EtherCAT Dual-color state LED signal.
CATLEDERR Output Outputs the EtherCAT error LED signal.
CATLINKACTO, Output Output the EtherCAT link/activity LED signal.

CATLINKACT1
CATSYNCO, CATSYNC1  Output Output the EtherCAT SYNC signal.

CATLATCHO Input Input the EtherCAT LATCH signal.
CATLATCH1 Input Input the EtherCAT LATCH signal.
CATI2CCLK Output Outputs the EtherCAT EEPROM I2C clock signal.
CATI2CDATA 1/0 Inputs/outputs the EtherCAT EEPROM I2C data signal.
USB 2.0 host/function VDD33_USB Input Power supply input pin for USB
module VSS_USB Input Ground input pin for USB
DVDD_USB Input Digital power supply input pin for USB
USB_RREF Input Reference current input pin for USB. Connect this pin to the
VSS_USB pin via 200Q (+1%).
USB_DP 1/0 USB bus D+ data I/O pin
USB_DM 1/0 USB bus D- data I/O pin
USB_VBUSEN Output Outputs the VBUS power enable signal for USB.
USB_OVRCUR Input Inputs the overcurrent signal for USB.
USB_VBUSIN Input USB cable connection/disconnection detection input pin
CAN module (RSCAN) CRXD1 Input Receive data input pin
CTXD1 Output Transmit data output pin
Serial peripheral interface RSPCKO0, RSPCK1 1/0 Clock /O pins
(RSPla) MOSI0, MOSI1 110 Master transmit data 1/O pins
MISO0, MISO1 110 Slave transmit data I/O pins
SSL00, SSL10 1/0 Slave select signal 1/O pins
SSL01, SSL02, SSL03, Output Slave select signal output pins
SSL11
R01DS0289EJ0140 Rev.1.40 RENESAS Page 9 of 58
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Table 1.4 Pin Functions (3/3)

Classifications Pin Name 110 Description

SPI multi /0O bus SPBCLK Output Clock output pin

controller (SPIBSC) SPBSSL Qutput Slave select signal output pin
SPBMO/SPBIOO 1/O Master transmit data/data O 1/O pin
SPBMI/SPBIO1 1/0 Master input data/data 1 1/0 pin
SPBIO2, SPBIO3 1/0 Data 2, data 3 I/O pins

1/0 ports P00 1/0 1-bit I/O pin
P10, P12, P16, P17 110 4-bit I/O pins
P20 to P23, P25to P27  1/O 7-bit 1/0 pins
P33 to P35 1/O 3-bit I/0 pins
P40, P42, P44 1/O 3-bit I/0 pins
P50 to P54, P56 1/10 6-bit 1/0 pins
P60 to P66 110 7-bit 1/0 pins
P70 to P77 110 8-bit I/0 pins
P80 to P87 11O 8-bit 1/0 pins
P90 to P97 1/O 8-bit 1/0 pins
PAO to PA7 1/O 8-bit 1/0 pins
PBO to PB7 1/0 8-bit I/0 pins
PCO0 to PC7 Input 8-bit input pins
PD5 to PD7 110 3-bit I/0 pins
PF5 to PF7 110 3-bit I/0 pins
PG2 to PG6 1/0 5-bit 1/0 pins
PJO to PJ7 1/O 8-bit 1/0 pins
PM1 to PM7 1/0 7-bit 1/0 pins
PR1 1/0 1-bit 1/0 pin
PSO0 to PS7 1/0 8-bit 1/0 pins
PU7 110 1-bit /O pin

Others ICO Input Connect to VSS via a resistor (pull-down)

R01DS0289EJ0140 Rev.1.40 RENESAS Page 10 of 58
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1.5 Pin Assignments

Figure 1.2 show the pin arrangement. Table 1.5 show the pin assignments.

Table 1.6 show the lists of pin functions.

1 2 3 4 5 6 7 8 9 10 1" 12 13 14
A VSS PC2 PJ2 PF7 PB5 PB2 PC1 PF5 PD6 P56 P51 ICO ICO VSS A
B PJ7 PJ4 PJ3 PJ1 PB6 PB1 PB7 P87 PD5 P53 I1CO ICO P16 P97 B
C P83 PJ5 PC3 PJO PB4 PBO PF6 PD7 P54 VCCQ3 | vCcaQs | P17 P96 P95 C
3 3
D P84 P81 PJ6 VCCQ3 | PB3 PCO P86 P52 P50 VSS VSS PA7 P94 P12 D
3
E TRST# P85 P82 P80 VCCQ3 | VDD VDD VDD VDD VCCQ3 | VCCQ3 | P90 P92 P93 E
3 3 3
F P34 P33 ERROR | P35 PLLVD VDD VSS VSS VSS VDD P91 PA4 PA5 PAG F
ouT# D1
G PC4 PC5 TCK T™S PLLVSS | VSS VSS VSS VSS VDD PA3 P77 PA2 PA1 G
1
H VCCQ3 | BSCAN | PU7 ICO PLLVD VSS VSS VSS VSS VDD P74 P75 P76 PAO H
3 P DO
J EXTAL VSS PM1 RES# PLLVSS | VDD VSS VSS VSS VDD PE7 P71 P72 P73 J
0
K XTAL VSS PM4 RSTOU | VDD33 VDD VDD VDD VDD VCCQ3 | PE1 PES PE6 P70 K
T# _USB 3
L VSS PM3 USB_R | P62 VCCQ3 | PG2 VDD PR1 P27 VDD VCCQ3 | PS6 PE3 PE4 L
REF 3 3
M PM2 PM6 VSS_U P60 P64 PG3 PG5 P21 P26 P44 PS0O P00 Ps7 PE2 M
SB
N PM7 PM5 DVDD_ | P61 P63 PG4 PG6 P22 P20 P42 PS1 PS3 PS5 PEO N
usB
P VSS_U USB_D | USB_D | P66 P65 PC6 PC7 P23 P25 P40 P10 PS2 PS4 VSS P
SB M P
1 2 3 4 5 6 7 8 9 10 1" 12 13 14
Figure 1.2 Pin Arrangement (196-Pin FBGA) (Top View)
R01DS0289EJ0140 Rev.1.40 -zENESAS Page 11 of 58
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Table 1.5 Pin Assignments (196-Pin FBGA) (1/5)

Pin Number Pin Name

A1 VSS

A2 PC2/ETHO_TXC

A3 PJ2 / ETHO_TXD1

A4 PF7 /IRQ7

A5 PB5 / ETH_MDIO

A6 PB2 /ETH1_RXC

A7 PC1/ETH1_RXD3

A8 PF5/ETH1_TXEN

A9 PD6 / ETH1_TXD2

A10 P56

A11 P51 / PHYLINK1

A12 ICO

A13 ICO

A14 VSS

B1 PJ7 / ETHO_RXD3

B2 PJ4 / ETHO_RXDO

B3 PJ3 /ETHO_TXDO

B4 PJ1/ETHO_TXD2

BS PB6 / ETH_MDC

B6 PB1/ETH1_RXER

B7 PB7 / ETH1_RXD1

B8 P87 / ETH1_TXC

B9 PD5 /ETH1_TXD3

B10 P53 /ETH1_INT

B11 ICO

B12 ICO

B13 P16

B14 P97 / IRQ7

C1 P83 /1RQ11 / CATLINKACTO / TXD4

Cc2 PJ5 / ETHO_RXD1

C3 PC3/ETHO_RXC

C4 PJO /ETHO_TXD3

C5 PB4 / ETHO_RXER / CATSYNCO / CATLATCHO / RXD3

C6 PBO / ETH1_RXDV

Cc7 PF6 / ETH1_RXDO

Cc8 PD7 / ETH1_TXD1

C9 P54 /| CLKOUT25M1

C10 VCCQ33

C1 VCCQ33

Cc12 P17 | PHYRESETOUT#

C13 P96

C14 P95/ IRQ13 / CTS2#

D1 P84 / CATLINKACT1 / RXD4

D2 P81 /ETHO_RXER
R0O1DS0289EJ0140 Rev.1.40 REN ESNS Page 12 of 58
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Table 1.5 Pin Assignments (196-Pin FBGA) (2 / 5)

Pin Number Pin Name

D3 PJ6 / ETHO_RXD2

D4 VCCQ33

D5 PB3 /IRQ3 / PHYRESETOUT# / TXD3 / CTXD1

D6 PCO / ETH1_RXD2

D7 P86 / ETH1_TXDO

D8 P52 / ETHO_INT

D9 P50 / PHYLINKO

D10 VSS

D11 VSS

D12 PA7 / IRQ7 | RTS2#

D13 P94 / IRQ4 / RTS2#

D14 P12

E1 TRST#

E2 P85 / CLKOUT25M0

E3 P82/ ETHO_TXEN

E4 P80 / ETHO_RXDV

ES VCCQ33

E6 VDD

E7 VDD

E8 VDD

E9 VDD

E10 VCCQ33

E11 VCCQ33

E12 P90 / TXD4

E13 P92 / TOC3 / RXD2

E14 P93/ TIC3 / SCK2

F1 P34/ TDI

F2 P33 /TDO

F3 ERROROUT#

F4 P35/ NMI

F5 PLLVDD1

F6 VDD

F7 VSS

F8 VSS

F9 VSS

F10 VDD

F11 P91/ TXD2

F12 PA4 / ETH1_INT / RXD2

F13 PA5 / ETHO_INT / TXD2

F14 PAG6 / IRQ6 / CTS2#

G1 PC4 / CATI2CCLK

G2 PC5 / CATI2CDATA

G3 TCK

G4 TMS

G5 PLLVSS1
R0O1DS0289EJ0140 Rev.1.40 REN ESNS Page 13 of 58
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Table 1.5 Pin Assignments (196-Pin FBGA) (3 /5)

Pin Number Pin Name
G6 VSS
G7 VSS
G8 VSS
G9 VSS
G10 VDD
G111 PA3 / SCK2
G12 P77 | RSPCKO / TRACEDATAS
G13 PA2 / SSL02
G14 PA1/ MISO0 / TRACEDATA7
H1 VCCQ33
H2 BSCANP
H3 PU7 / CATIRQ
H4 ICO
H5 PLLVDDO
H6 VSS
H7 VSS
H8 VSS
H9 VSS
H10 VDD
H11 P74/ CTS1#/ SSL03 / TRACEDATA2
H12 P75 /1RQ13 / SSLO0 / TRACEDATA3
H13 P76 / SSL01 / TRACEDATA4
H14 PAO / MOSIO0 / TRACEDATA6
J1 EXTAL
J2 VSS
J3 PM1 / CATLEDERR
J4 RES#
J5 PLLVSSO
J6 VDD
J7 VSS
J8 VSS
J9 VSS
J10 VDD
J11 PE7 / SCK1 / RSPCKO / TRACEDATA7
J12 P71/ TOC2/ SCK1/TRACECTL
J13 P72/ TIC2 / TXD1/ TRACEDATAO
J14 P73 /1RQ3 / RXD1 / TRACEDATA1
K1 XTAL
K2 VSS
K3 PM4 / CATLEDRUN
K4 RSTOUT#
K5 VDD33_USB
K6 VDD
K7 VDD
K8 VDD
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EC-1

1. Overview

Table 1.5 Pin Assignments (196-Pin FBGA) (4 / 5)

Pin Number Pin Name
K9 VDD
K10 VCCQ33
K11 PE1/SSL03 / TRACEDATA1
K12 PES5 / TXD1/ MOSIO / TRACEDATA5S
K13 PE6 / IRQ6 / RXD1 / MISO0 / TRACEDATA6
K14 P70 /1RQO / RTS1#/ USB_OVRCUR / TRACECLK
L1 VSS
L2 PM3 / CATSYNCO / CATLATCHO
L3 USB_RREF
L4 P62 / SPBCLK
L5 VCCQ33
L6 PG2/ TOCO / RSPCK1
L7 VDD
L8 PR1/IRQ9/CTS1#
L9 P27 | RTSO#
L10 VDD
L11 VCCQ33
L12 PS6 /IRQ14 / RXD2
L13 PE3 /IRQ3 /CTS1#/SSL01/ TRACEDATA3
L14 PE4 / RTS1# / SSLO0 / TRACEDATA4
M1 PM2 / CATSYNC1 / CATLATCH1
M2 PM6 / IRQ6 / CATLINKACTO
M3 VSS_USB
M4 P60 / SPBSSL
M5 P64 / SPBMI/SPBIO1
M6 PG3/TIC1/MISO1
M7 PG5/ SSL10
M8 P21 /IRQ1 / CTSO#
M9 P26
M10 P44 / IRQ12 / CTSO#
M11 PSO
M12 P00 / TRACECTL
M13 PS7 / TXD2
M14 PE2 /IRQ2 / SSL02 / TRACEDATA2
N1 PM7 / CATLINKACT1
N2 PM5 / CATLEDSTER
N3 DVDD_USB
N4 P61/ SPBIO3 / CTXD1
N5 P63 / SPBMO/SPBIOO
N6 PG4/ TOC1/MOSI1
N7 PG6 / SSL11
N8 P22 /IRQ2 / SCKO
N9 P20
N10 P42 / RXD0O
N11 PS1/IRQ1
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EC-1 1. Overview

Table 1.5 Pin Assignments (196-Pin FBGA) (5/5)

Pin Number Pin Name

N12 PS3
N13 PS5
N14 PEO / TRACEDATAO
P1 VSS_USB
P2 USB_DM
P3 USB_DP
P4 P66 / IRQ14 / CTXD1/USB_VBUSEN
P5 P65 / SPBIO2
P6 PC6/SCL1/USB_VBUSIN
P7 PC7/ TICO / SDA1/ CRXD1
P8 P23/ TXDO
P9 P25
P10 P40 / TXDO
P11 P10 /IRQO / TRACECLK
P12 PS2
P13 PS4
P14 VSS
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EC-1 1. Overview
Table 1.6 List of Pin and Pin Functions (196-Pin FBGA) (1/5)
Communication

Power (SCIFA, Others

Supply RSPla, (Connect

Clock RIICa, to VSS
Pin System 110 Timer RSCAN, via a
Number Control Port (CMTW) (ESC) (SPIBSC) USB) Interrupt resistor)
A1 VSS
A2 PC2 ETHO_TXC
A3 PJ2 ETHO_TXD1
Ad PF7 IRQ7
A5 PB5 ETH_MDIO
AB PB2 ETH1_RXC
A7 PC1 ETH1_RXD3
A8 PF5 ETH1_TXEN
A9 PD6 ETH1_TXD2
A10 P56
A11 P51 PHYLINK1
A12 ICO
A13 ICO
A14 VSS
B1 PJ7 ETHO_RXD3
B2 PJ4 ETHO_RXDO
B3 PJ3 ETHO_TXDO
B4 PJ1 ETHO_TXD2
B5 PB6 ETH_MDC
B6 PB1 ETH1_RXER
B7 PB7 ETH1_RXD1
B8 P87 ETH1_TXC
B9 PD5 ETH1_TXD3
B10 P53 ETH1_INT
B11 ICO
B12 ICO
B13 P16
B14 P97 IRQ7
C1 P83 CATLINKACTO TXD4 IRQ11
Cc2 PJ5 ETHO_RXD1
C3 PC3 ETHO_RXC
C4 PJO ETHO_TXD3
C5 PB4 ETHO_RXER/ RXD3

CATSYNCO /
CATLATCHO
C6 PBO ETH1_RXDV
c7 PF6 ETH1_RXDO
C8 PD7 ETH1_TXD1
C9 P54 CLKOUT25M1
c10 VCCQ33
Cc1 VCCQ33
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EC-1 1. Overview
Table 1.6 List of Pin and Pin Functions (196-Pin FBGA) (2 / 5)
Communication
Power (SCIFA, Others
Supply RSPIla, (Connect
Clock RIICa, to VSS
Pin System /10 Timer RSCAN, via a
Number Control Port (CMTW) (ESC) (SPIBSC) USB) Interrupt resistor)
C12 P17 PHYRESETOUT#
C13 P96
C14 P95 CTS2# IRQ13
D1 P84 CATLINKACT1 RXD4
D2 P81 ETHO_RXER
D3 PJ6 ETHO_RXD2
D4 VCCQ33
D5 PB3 PHYRESETOUT# TXD3/ IRQ3
CTXD1
D6 PCO ETH1_RXD2
D7 P86 ETH1_TXDO
D8 P52 ETHO_INT
D9 P50 PHYLINKO
D10 VSS
D11 VSS
D12 PA7 RTS2# IRQ7
D13 P94 RTS2# IRQ4
D14 P12
E1 TRST#
E2 P85 CLKOUT25M0
E3 P82 ETHO_TXEN
E4 P80 ETHO_RXDV
E5 VCCQ33
E6 VDD
E7 VDD
E8 VDD
E9 VDD
E10 VCCQ33
E11 VCCQ33
E12 P90 TXD4
E13 P92  TOC3 RXD2
E14 P93  TIC3 SCK2
F1 TDI P34
F2 TDO P33
F3 ERROROUT#
F4 P35 NMI
F5 PLLVDD1
F6 VDD
F7 VSS
F8 VSS
F9 VSS
F10 VDD
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EC-1 1. Overview
Table 1.6 List of Pin and Pin Functions (196-Pin FBGA) (3 /5)
Communication
Power (SCIFA, Others
Supply RSPIla, (Connect
Clock RIICa, to VSS
Pin System 110 Timer RSCAN, viaa
Number Control Port (CMTW) (ESC) (SPIBSC) USB) Interrupt resistor)
F11 P91 TXD2
F12 PA4 ETH1_INT RXD2
F13 PA5 ETHO_INT TXD2
F14 PAB CTS2# IRQ6
G1 PC4 CATI2CCLK
G2 PC5 CATI2CDATA
G3 TCK
G4 TMS
G5 PLLVSS1
G6 VSS
G7 VSS
G8 VSS
G9 VSS
G10 VDD
G11 PA3 SCK2
G12 TRACEDATAS5 P77 RSPCKO
G13 PA2 SSL02
G14 TRACEDATA7  PA1 MISO0
H1 VCCQ33
H2 BSCANP
H3 PU7 CATIRQ
H4 ICO
H5 PLLVDDO
H6 VSS
H7 VSS
H8 VSS
H9 VSS
H10 VDD
H11 TRACEDATA2 P74 CTS1#/
SSLO3
H12 TRACEDATA3 P75 SSL00 IRQ13
H13 TRACEDATA4 P76 SSLO1
H14 TRACEDATA6  PAO MOSI0
J1 EXTAL
J2 VSS
J3 PM1 CATLEDERR
J4 RES#
J5 PLLVSSO
J6 VDD
J7 VSS
J8 VSS
J9 VSS
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EC-1 1. Overview
Table 1.6 List of Pin and Pin Functions (196-Pin FBGA) (4 / 5)
Communication
Power (SCIFA, Others
Supply RSPIla, (Connect
Clock RIICa, to VSS
Pin System 110 Timer RSCAN, viaa
Number Control Port (CMTW) (ESC) (SPIBSC) USB) Interrupt resistor)
J10 VDD
J1 TRACEDATA7  PE7 SCK1/
RSPCKO
J12 TRACECTL P71 TOC2 SCK1
J13 TRACEDATAO P72 TIC2 TXD1
J14 TRACEDATA1 P73 RXD1 IRQ3
K1 XTAL
K2 VSS
K3 PM4 CATLEDRUN
K4 RSTOUT#
K5 VDD33_USB
K6 VDD
K7 VDD
K8 VDD
K9 VDD
K10 VCCQ33
K11 TRACEDATA1  PE1 SSLO3
K12 TRACEDATA5  PE5 TXD1/
MOSI0
K13 TRACEDATA6  PE6 RXD1/ IRQ6
MISO0
K14 TRACECLK P70 RTS1#/ IRQO
USB_OVRC
UR
L1 VSS
L2 PM3 CATSYNCO /
CATLATCHO
L3 USB_RREF
L4 P62 SPBCLK
L5 VCCQ33
L6 PG2 TOCO RSPCK1
L7 VDD
L8 PR1 CTS1# IRQ9
L9 P27 RTSO#
L10 VDD
L11 VCCQ33
L12 PS6 RXD2 IRQ14
L13 TRACEDATA3  PE3 CTS1#/ IRQ3
SSLO1
L14 TRACEDATA4  PE4 RTS1#/
SSL00
M1 PM2 CATSYNC1/
CATLATCH1
M2 PM6 CATLINKACTO IRQ6
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EC-1 1. Overview
Table 1.6 List of Pin and Pin Functions (196-Pin FBGA) (5/5)
Communication

Power (SCIFA, Others

Supply RSPIla, (Connect

Clock RIICa, to VSS
Pin System 110 Timer RSCAN, viaa
Number Control Port (CMTW) (ESC) (SPIBSC) USB) Interrupt resistor)
M3 VSS_USB
M4 P60 SPBSSL
M5 P64 SPBMI/SPBIO1
M6 PG3 TIC1 MISO1
M7 PG5 SSL10
M8 P21 CTSO# IRQ1
M9 P26
M10 P44 CTSO# IRQ12
M11 PSO
M12 TRACECTL P00
M13 PS7 TXD2
M14 TRACEDATA2  PE2 SSL02 IRQ2
N1 PM7 CATLINKACT1
N2 PM5 CATLEDSTER
N3 DVDD_USB
N4 P61 CTXD1 SPBIO3
N5 P63 SPBMO/SPBIO0
N6 PG4 TOC1 MOSI1
N7 PG6 SSL11
N8 P22 SCKO0 IRQ2
N9 P20
N10 P42 RXDO
N11 PS1 IRQ1
N12 PS3
N13 PS5
N14 TRACEDATAO  PEO
P1 VSS_USB
P2 USB_DM
P3 USB_DP
P4 P66 CTXD1 USB_VBUSE IRQ14

N
P5 P65 SPBIO2
P6 PC6 USB_VBUSIN SCL1
P7 PC7 TICO SDA1/
CRXD1
P8 P23 TXDO
P9 P25
P10 P40 TXDO
P11 TRACECLK P10 IRQO
P12 PS2
P13 PS4
P14 VSS
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EC-1

2. Electrical Characteristics

2.
2.1

Electrical Characteristics

Absolute Maximum Ratings

Table 2.1 Absolute Maximum Rating

Conditions: VSS = PLLVSS0 = PLLVSS1 =VSS_USB=0V

Item Symbol Value Unit
Power supply voltage (I/0O) VCCQ33 -0.3to +4.2 \%
Power supply voltage (internal) VDD -0.3to +1.6 \%
PLL power supply voltage PLLVDDO, PLLVDD1 -0.3to +1.6 \%
Input voltage (except for ports for 5-V tolerant*) Vin1 -0.3 to VCCQ33 + 0.3*5 \
Input voltage (ports for 5-V tolerant*1) Vin2 -0.3 to +5.5*3 \%
USB digital power supply voltage DVDD_USB -0.3to +1.6 \%
USB power supply voltage VDD33_USB*2 -0.3to +4.2 \%
Operating temperature (junction temperature) Tj*4 —40 to +125 °C
Storage temperature Tstg -55to +125 °C

[Usage Notes]
1. Do not directly connect output pins (I/O pins in output state) of IC products to other output pins (including I/O pins

in output state) , power pins, or GND pins. However, output pins are directly connectable in an external circuit

where timing design is provided to avoid conflict of outputs of high-impedance pins such as I/O pins.

2. Ifeven a single item exceeds the absolute maximum rating for even a moment, it may degrade the product's quality.

In other words, the absolute maximum rating is a rated value that potentially causes physical damage to products.

Use products with a margin of the absolute maximum rating.

Specified values and conditions shown in DC characteristics and AC characteristics are the range of normal

operation and quality assurance of products.

Note 1.
Note 2.

Note 3.
Note 4.

Note 5.

Ports PCO to PC7 are 5-V tolerant.

When the USB is not to be used, connect the VDD33_USB pin to VCCQ33, the VSS_USB pin to VSS, and the DVDD_USB pin
to VDD, respectively. Do not leave these pins open.

When VCCQ33 is less than 3.0 V, the rated value of ports for 5-V tolerant is 3.6 V.

For operations at the temperatures over 110 °C (junction temperature), refer to the “Precautions for High-Temperature
Operations with the EC-1 Group (RO1AN3998).

Do not exceed the absolute maximum rating, 4.2 V.
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EC-1 2. Electrical Characteristics

2.2 Power On/Off Sequence

Turn on and off each power supply voltage according to the procedure shown in the figure below.
When turning on the power, be sure to fix TRST# pins and RES# pins to the low level. Otherwise, initialization is not
performed successfully.

Powered down Power up sequence Active / Power down sequence\ Powered down
(reverse order)
(1)Trisepwr
>
vop || | ) |
1.2V for Digital (7)Tdlypwr
e(bJTrisepwr
DVDD_USB (2)Tdly12
1.2V for USB
PLLVDDO, PLLVDD1 (2)Tdly12
5| -
1.2V for PLL (7)Tdlypwr
(1)Trisepwr
>
(3)Tdlyusb33
*—>|
VDD33_USB
3.3V for USB
“Q’)Trisepwr
4@Tdhsd
vceass .
3.3V for /0
XTAL/EXTAL Oscilation —
(6)Trisereset
[ |
(5)Tdlyreget
*——>
RES#
TRST#
Timing
Timing
Value
No. Item min typ max
(1) Trisepwr 100 us — 50 ms
(2) Tdly12 0 ms — 100 ms
3) Tdlyusb33 0 ms — 100 ms
4) Tdly33 0 ms — 100 ms
(5) Tdlyreset 10 ms — —
(6) Trisereset — — 150 ps
(7) Tdlypwr 0 ms — —

Note 1. Turn on all power supply voltages and reset signals with a monotonic increase and turn off with a monotonic
decrease.

Note 2. Do not apply a negative voltage to power supply voltages.

Note 3. Before turning on the power, be sure to make reset pins (TRST# and RES#) active (low). Otherwise, inputs and
outputs on the pins may be unstable. If this may also be a problem when turning off the power, make reset pins
(TRST# and RES#) active (low.)

Note:  If the power on/off sequence is not met (out of operation guarantee range), the pin input state and output state
may be undefined.

Figure 2.1 Power On/Off Sequence
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EC-1

2. Electrical Characteristics

2.3 DC Characteristics

e Conditions: VDD =PLLVDDO = PLLVDD1 =DVDD_USB=1.14t01.26V,

VCCQ33 =VDD33_USB=3.0t0 3.6 V

VSS = PLLVSS0 = PLLVSS1 =VSS_USB =0V,

Tj=-40to 125°C

Table 2.2 DC Characteristics (1)

Test
Item Symbol min typ max Unit Conditions
Power supply voltage (1/O) VCCQ33 3.0 3.3 3.6 \%
Power supply voltage (internal) VDD 1.14 1.2 1.26 \%
PLL power supply voltage PLLVDDO, 1.14 1.2 1.26 \%
PLLVDD1
USB digital power supply voltage DVDD_USB 1.14 1.2 1.26 \%
USB power supply voltage VDD33_USB 3.0 3.3 3.6 \%
Table 2.3 DC Characteristics (2) [Power Supply]
Item Type Symbol typ max Unit Test Conditions
Normal operation VDD 150MHz Vlcc 107 555 mA Tj=-40to 125°C
PLLVDDO + PLLVDD1 PLLIcc 3.2 5 mA
VCCQ33 V33lcc 191, "2 — mA
DVvVDD_USB V12Ulcc 5.1 9 mA USB high-speed communication
3.5 9 mA USB full-speed communication
VDD33_USB Vv33Ulcc 15" — mA USB high-speed communication
10" — mA USB full-speed communication
Standby mode with all VDD Vicc 41 — mA
modules inactive PLLVDDO + PLLVDD1 _ PLLlcc 3.2 — mA
(reference value)
VCCQ33 V33lcc 0.35"1. "2 — mA
DVDD_USB V12Ulcc 3.5 — mA UTMI suspend mode
VDD33_USB Vv33Ulcc  9.6™ — mA UTMI suspend mode

Note 1. These values are reference values. The actual operating current greatly depends on the system (such as unsharpened
waveforms due to I/O load and toggle frequency). Be sure to measure these current values in the system.

Note 2. V33lcc must be 80 mA or less. (Zlgy in Table 2.9)
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EC-1 2. Electrical Characteristics

Table 2.4 DC Characteristics (3) [Except for USB2.0 Host/Function-Related Pins]

Item Symbol min typ max Unit Test Conditions
Schmitt trigger Other than 5-V tolerant pins V4 24 — VCCQ33 +0.3 \
Input voltage Vi 03 — 0.8 v
AVqy VCCQ33 — — \Y
x 0.05
5-V tolerant pins™ Vih2 VCCQ33 — 5.3%2 \Y
x 0.7
Vi -0.3 — VCCQ33 x 0.3 Vv
AV, VCCQ33 — — \Y
x 0.05
Input high level voltage ViH3 2.4 — VCCQ33+0.3 \%
(except for schmitt trigger input pins)
Input low level voltage Vi3 -0.3 — 0.8 \
(except for schmitt trigger input pins)
Outputhighlevel ~Other than 5-V tolerant pins ~ Vgy VCCQ33 — — \ loy =—2mA
voltage -0.5
Output low level  Other than 5-V tolerant pins Vg4 — — 0.4 \ loL1 =2mA
voltage 5.V tolerant pins’’ Voz  — — 04 v loLz = 3 MA
— — 0.6 \Y |o|_2 =6 mA
Input leakage current [ Tin | — — 1.0 pA Vin1 = Vine =0V
Vin1 = Vin2 =VCCQ33
Three-state Input/output and output pins  |l1g)| — — 1.0 MA Vini=0V
leakage current  excluding 5-V tolerant pins Viny = VCCQ33
(off state) 5-V tolerant pins’" — — 50 VA V=0V
Vin2 =VCCQ33
Input pull-up Ports P50 to P54, P56, P86, Iy -300 — -30 pA VCCQ33=3.0t03.6V
MQS current/ P87, P90 to P97, PD5 to PD7 Rour 10 — 120 Q Vin1 =Ving =0V
resistance
Pins other than the above*3 1,5 -120 — 7 MA VCCQ33=3.0t03.6V
Rpz 25 — 515 kg Vint=Vine=0V
Input pull-down  Ports P50 to P54, P56, P86,  |nqq 30 — 300 pA VCCQ33=3.0t03.6V
MQS current/ P87, P90 to P97, PD5 to PD7 Rogr 10 — 120 KO Vin1 = Vinz = VCCQ33
resistance P
Pins other than the above*3 4, 7 — 120 pA VCCQ33=3.0t03.6V
de2 25 _ 515 KQ Vin1 = Vih2 =VCCQ33
Pin capacity All input/output and input pins  C;,, — — 10 pF

Note 1. Ports PCO to PC7 are 5-V tolerant.
Note 2. When VCCQ33 is less than 3.0 V, do not apply voltage of 3.6 V or higher to 5-V tolerant pins.
Note 3. 5-V tolerant pins are not included.
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EC-1

2. Electrical Characteristics

Table 2.5 DC Characteristics (4) [USB2.0 USB_RREF Pin]
Item Symbol min typ max Unit Test Conditions
Reference resistor RRrer 200 1% Q

Table 2.6 DC Characteristics (5) [USB2.0 Host/Function-Related Pins (Items for Both Full Speed and High
Speed)*1]
Item Symbol min typ max Unit Test Conditions
DP pull-up resistor Rpy 0.900 — 1.575 kQ Idle
(when the function controller 1425 — 3.090 kQ Transmission/
operation is selected) .
reception
DP/DM pull-down resistors Rpp 14.25 — 24.80 kQ

(when the host function is
selected)

Note 1. USB_DP and USB_DM pins

Table 2.7 DC Characteristics (6) [USB2.0 Host/Function-Related Pins (Full Speed)*1]
Item Symbol min typ max Unit Measuring Condition
Input high level voltage VESIH 2.0 — — \Y
Input low level voltage VEsiL —_ — 0.8 \Y
Differential input sensitivity VEespi 0.2 — — \Y | (USB_DP) - (USB_DM) |
Differential common mode range  Vggom 0.8 — 25 \
Output high level voltage VEsoH 2.8 — 3.6 \ lFrsony = —200 pA
Output low level voltage VesoL 0.0 — 0.3 \ lFsoL =2 mA
Output signal crossover voltage VEScRs 1.3 — 2.0 \ CL =50 pF

(full-speed)

Note 1. USB_DP and USB_DM pins

Table 2.8 DC Characteristics (7) [USB2.0 Host/Function-Related Pins (High Speed)*1]
Item Symbol min typ max Unit Test Conditions
Squelch detection threshold Vussa 100 — 150 mV
voltage (differential voltage)
Common mode voltage range  Vpscm -50 — 500 mV
Idle state Vusol -10.0 — 10.0 mV
Output high level voltage VHSOH 360 — 440 mV
Output low level voltage VhsoL -10.0 — 10.0 mV
Chirp J output voltage VCHIRPJ 700 — 1100 mV
(differential)
Chirp K output voltage VCHIRPK -900 — -500 mV
(differential)

Note 1. USB_DP and USB_DM pins

R01DS0289EJ0140 Rev.1.40 RENESAS Page 26 of 58

Oct. 30, 2020



EC-1 2. Electrical Characteristics

Table 2.9 Permissible Output Currents

Item Symbol min typ max Unit
Permissible output low current Other than 5-V tolerant pins loL1 — — 2.0 mA
(average value per pin) 5-V tolerant pins loLa — — 3.0 mA
Permissible output low current Other than 5-V tolerant pins loL1 — — 4.0 mA
(maximum value per pin) 5-V tolerant pins loLo — — 6.0 mA
Permissible output low current (total) Total of all output pins 2oL — — 80 mA
Permissible output high current All output pins loH — — -2.0 mA
(average value per pin)

Permissible output high current All output pins loH — — —-4.0 mA
(maximum value per pin)

Permissible output high current (total) Total of all output pins Zlon — — -80 mA

[Usage Note] All output current values shall be within the values in Table 2.9 to ensure the reliability of this LSI.
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2. Electrical Characteristics

24 AC Characteristics

e Conditions: VDD = PLLVDDO = PLLVDD1 = DVDD_USB =1.14 to 1.26 V,

VCCQ33 =VDD33_USB=3.0t0 3.6 V
VSS = PLLVSS0 = PLLVSS1 =VSS_USB =0V,
Tj=-40t0 125 °C

Table 2.10 Operating Frequency

Item Symbol min max Unit
Operating frequency | CPU clock (CPUCLK) f 150 MHz
System clock (ICLK) 150
Peripheral module clock (PCLKA) 150
Peripheral module clock (PCLKB) 75
Peripheral module clock (PCLKD) 75
Peripheral module clock (PCLKE) 18.75 75
High-speed serial clock (SERICLK) 120 150
External clock output for EtherCAT PHY (CLKOUT25Mn) 25
n=0,1
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EC-1 2. Electrical Characteristics

2.4.1 Clock Timing

Table 2.11 CLKOUT25Mn Timing
Output load conditions: Vg = VCCQ33 -0.5V, Vg 1 =04V, C =30 pF

Test
Item Symbol min max Unit Conditions
CLKOUT25Mn  CLKOUT25Mn cycle time Tek 40 — ns Figure 2.2
(M1 CLKOUT25Mn frequency Typ. 25 MHz — 25 + 50 ppm MHz
CLKOUT25Mn duty ratio — 35 65 %
CLKOUT25Mn output low pulse width Teki Tew/2 = Tos Tekl/2 + Teks ns
CLKOUT25Mn output high pulse width Texh Tekl2 — Tekr Tek/2 + Teyr ns
CLKOUT25Mn rising/falling time Tekro/ckf 0.5 9 ns
n=0,1
tox
CLKOUT25Mn pin output
1/2 x VCCQ33 |/ 1/2 x VCCQ33
n=0,1
Figure 2.2 CLKOUT25Mn Pin Output Timing 2
Table 2.12 XTAL Clock Timing
Item Symbol min typ max Unit
XTAL clock oscillator output cycle*! txTALcyc 40.00 50 ppm*2 ns

Note 1. When using the XTAL clock, ask the oscillator manufacturer to evaluate oscillation of the oscillator. For the oscillation
stabilization time, see the evaluation result provided by the oscillator manufacturer.
Note 2. When using the EtherCAT slave controller, make sure that the clock timing satisfies 25.00 MHz + 25 ppm.

txTALeyc

XTAL clock oscillator output
1/2 x VCCQ33 1/2 x VCCQ33

Figure 2.3 XTAL Clock Oscillator Output Timing
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2. Electrical Characteristics

Table 2.13 LOCO Clock Timing

Test
Item Symbol min typ max Unit Conditions
LOCO clock cycle time tieye 4.62 4.17 3.79 us
LOCO clock oscillation frequency fLoco 216 240 264 kHz
LOCO clock oscillation stabilization wait time tLocowT — — 40 us Figure 2.4

LOCOCR.LCSTP \

Low-speed on-chip

. —
L0co Clos N\_[

Figure 2.4 LOCO Clock Oscillation Start Timing
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2. Electrical Characteristics

24.2 Reset Timing and Interrupt Timing

Table 2.14 Reset Timing and Interrupt Timing

Test

Item Symbol Min*1 typ max Unit Conditions
RES# pulse width At power on Taiyreset 10 — — ms Figure 2.5

Other than above Tdiyreset2 1 — — ms
RES# rising time Trisereset — — 150 us
TRST# pulse width At power on Tdlyreset 10 — — ms

Other than above Tdiyreset2 1 — — ms
TRST# rising time Trisereset — 150 us
NMI pulse width tNmiw ticye X 2 — — ns Figure 2.6
IRQ pulse width tiraw ticye * 2 — — ns Figure 2.7
ETH_INT pulse width teiInTW ticye X 2 — — ns Figure 2.8

Note 1. tigyc: ICLK cycle
trisereset

RES# Vi
TRST#
tdlyreseh tdlyresetZ
Figure 2.5 Reset Input Timing
NMI * ﬁ
tNMIW
Figure 2.6 NMI Interrupt Input Timing

IRQO to IRQ4, IRQ6, IRQ7,
IRQ9, IRQ11 to IRQ14

]

tiraw

Figure 2.7 IRQ Interrupt Input Timing
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ETHO_INT, ETH1_INT M

tEINTW

Figure 2.8 ETH_INT Interrupt Input Timing
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24.3 On-Chip Peripheral Module Timing
2.4.3.1 I/O Port Timing

Table 2.15 1/0 Port Timing

Item Symbol min max Unit™ Test Conditions

1/0 port Input data pulse width tprw 1.5 — tPReyc Figure 2.9

Note 1. tpgcyc: PCLKB cycle

Port jF<
g

tPRW

Y

Figure 2.9 1/0 Port Input Timing
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2432 CMTW Timing
Table 2.16 CMTW Timing
Item Symbol min max Unit™ Test Conditions
CMTW Input capture input pulse  Single-edge setting  tocmTwicw 15 — tPDeyc Figure 2.10

width

Both-edge setting

2.5

Note 1. tppcyc: PCLKD cycle

Input capture

- A

input R s
‘ temTwicw g
Figure 2.10 CMTW Input Capture Input Timing
2433 SCIFA Timing
Table 2.17 SCIFA Timing
Output load conditions: Vo = VCCQ33 x 0.5, Vo 4 = VCCQ33 x 0.5, C = 30 pF
Test
Item Symbol min*1 max*1 Unit*1 Conditions
SCIFA  Input clock cycle Asynchronous tseyc 4 — tsEcyc Figure 2.11
Clock 12 —
synchronous
Input clock pulse width tsckw 0.4 0.6 tseye
Input clock rising time tsckr — ns
Input clock falling time tscks — ns
Output clock cycle Asynchronous*2 tseyc — tsecyc
Clock 4 —
synchronous
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rising time tsckr — 9 ns
Output clock falling time tscks — 9 ns
Transmit data delay time Internal clock trxp -10 10 ns Figure 2.12
External clock 3 * tgEeyc 4 x tgpeyc + 20
Receive data setup time  Internal clock trxs 3 X tgggyc + 20 — ns
External clock tsecyc + 10 —
Receive data hold time Internal clock tRxH -3 X tgEeyc — ns
External clock 2 x tgggyc + 10 —
Note 1. tsgcyc: SERICLK cycle
Note 2. When the SEMR.ABCSO bit = 1 and the SEMR.BGDM bit = 1
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< > <«  —rHe—
SCKn f 3\ ;L \
(n=0to2) / i 3

n = 3, 4: For asynchronous clocks only.

Figure 2.11 SCK Clock Input Timing

sckn m

trxo

T™<On >< X >(

trxs | trxw

S

n=0to2

A 4

Figure 2.12 SCIFA Input/Output Timing/Clock Synchronous Mode
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2434 RSPla Timing
Table 2.18 RSPla Timing
Output load conditions: Vg = VCCQ33 x 0.5, Vg 4 = VCCQ33 x 0.5, C = 30 pF
Test
Item Symbol™  Min* Max™ Unit""  Conditions
RSPla RSPCK clock cycle Master tspeye 4 4096 tsecyc  Figure 2.13
Slave 8 4096
RSPCK clock high Master tspckwH  (tspeyc — tspckr — ns
level pulse width —tspckF)/2-3
Slave 0.4 — tspeyc
RSPCK clock low Master tspckwL  (tspeye — tspckr — ns
level pulse width —tspckr)/2-3
Slave 0.4 — tspeyc
RSPCK clock rising/  Output tspckr, — 9 ns
falling time Input tspckf — 10 ns
Data input setup time ~ Master tsu 6 — ns Figure 2.14 to
Slave 8 — tsgeyo — Figure 2.17
Data input hold time ~ Master ty tsEcyc — ns
Slave 8 +2 x tgEeyc —
SSL setup time Master tLEAD N % tgpoye — 372 N X tgpoyc + 32 ns
Slave 4 — tsEcyc
SSL hold time Master tLac N X tgpeye — 33 N X tgoeyc + 33 ns
Slave 4 — tsEcye
Data output delay Master top — 6 ns
time Slave — 3 * tggeye + 207
Data output hold time  Master ton 0 — ns
Slave 0 —
Continuous Master trp tspeyc * 2 X tsecye 8 X tspeye ns
transmission delay +2 % tgpcye
Slave 4 x tspcyc —
MOSI, MISO rising/ Output tor tof — 9 ns
falling time 7Input — 10 ns
SSL rising/falling time  Output tssir tssif — 9 ns
Input — 10 ns
Slave access time tsa — 4 tsecyc  Figure 2.16 to
Slave output release time tREL — tsEcyc Figure 2.17

Note 1. tsgcyct SERICLK cycle

Note 2.
Note 3.
Note 4.

N = SPCKD set value + 1 (1 to 8)
N = SSLND set value + 1 (1 to 8)
The data output delay time may become longer than half a cycle of the RSPCK clock depending on the bit rate setting. Be sure

to satisfy the conditions required for the electrical characteristics of the master device.
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tspokwh tspox
RSPla
VOH VOH
RSPCKn
master select output Vo1
tspekwH tspekr tspeks
Vint, Vinz
RSPCKn
slave select input Vi, Vis
tsperwL
P tSPcyc R
(n=0,1) < q
VOH = VCCQ33 - 05, Vo|_1 = 04, V|H1 = V|H3 = 24, V|L1 = V|L3 =0.8

Figure 2.13 RSPla Clock Timing

RSPla
<& tTD >

SSLOO to 03, £5 i N r
10, 11 X Z
output £ PAS JAL

tLeap tLac >1e

tssir t
RSPCKn Zl—x\—/_%_ SStn TS /_
CPOL=0 Y. b
output
RSPCKn —_\ ‘\_&
CPOL =1 h y \
output N 5—/
tsu ty
MISOn
tDr, t?f tOH e—) tOD
MOSIn X 5 F
output _Xr MSB OUT DATA >§_ LSB OUT >< IDLE ><MSB out
2y
(n=0,1)
Figure 2.14 RSPla Timing (Master, CPHA = 0)
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RSPla

SSLOO to
03, 10, 11
output

X

tLeap

RSPCKn
output
RSPCKn

CPOL =1
output

MISOn
input

CPOL =0 V N

tiac

<
<

tssir, tssir

.

LSB IN

—>|

tor, tor

l—

MSB IN

[

MOSIn
output

MSB OUT DATA

>< LSB OUT

IDLE

><MSB ouT

(n=0,1)

Figure 2.15

RSPla Timing (Master, CPHA = 1)

RSPla

SSLOO0 to 03,
10, 11
input L

£

tLeap

RSPCKn
CPOL =0
input

RSPCKn
CPOL =1
input

AR

p2J
tiac

ton

>

<
<€

treL

—
L

MISOn
output

MSB OUT

A pNa
>§_ tseout N

MSB IN

MSB OUT

MOSIn
input

(n=0,1)

{ MSBIN

tor, tor
DATA LSB IN

N

Figure 2.16

RSPI Timing (Slave, CPHA = 0)
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RSPla tro
SSLO00 to 03, >
10, 11 ZL J\
input * « i
tLeap tiac
RSPCKn 5& Y
CPOL=0 7 K /
input
RSPCKn \ yr—
CcPOL = 1 /] \ \
input \—7
tsa ton too treL
1
{5
MISOn LSB OUT r o
output (Last data) MSB OUT >§( . DATA i LSB OuT MSB OUT
27
tsu | | th tor, tor
MOSIn MSBIN |) DATA LSB IN MSB IN
input
(n=0,1)

Figure 2.17 RSPI Timing (Slave, CPHA = 1)
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2435 SPIBSC Timing

Table 2.19 SPIBSC Timing
Output load conditions: Vg = VCCQ33 x 0.5, Vg 4 = VCCQ33 x 0.5, C = 30 pF

Test

Item Symbol  min max Unit™ Conditions

SPIBSC  SPBCLK clock cycle tsPBeyc 2 4080 tracyc Figure 2.18
SPBCLK high level pulse width tsPBWH 0.45 0.55 tsPBeyc
SPBCLK low level pulse width tspeWL 0.45 0.55 tspBeyc
Data input setup time tsu 3.5 — ns Figure 2.19,
Data input hold time ty 0.5 — ns :z:gz:: gg?
SSL setup time t EAD 1 % tsppeyc — 3 8 X tspgeyc ns
SSL hold time tLac 1.5 % tgpBeyc 8.5 x tgpgeyc + 3 ns
Continuous transfer delay time tro 1 8 tspBeyc
Data output delay time top — 3.6 ns
Data output hold time ton -1 — ns
Data output buffer on time tson — 3.6 ns Figure 2.22,
Data output buffer off time tBOFF -7 0 ns :z:gz:: ggi

Note 1. tpacyc: PCLKA cycle
B tspBeye
SPBCLK J—\ \
output \
Figure 2.18 SPIBSC Clock Timing
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tro

SPBSSL 7
output

tLeaD tiac

SPBCLK S
CPOL=0 y \ A
output 7

S —1 &

SPBCLK
CPOL =1 7
output

SPBMI,

SPBIOO to
SPBIO3 \
input

SPBMO ,,,,

SPBIOO to

SPRIO3 X MSB OUT I?‘ATA LSB OUT X IDLE
output I

Figure 2.19 SPIBSC Transmit/Receive Timing (CPHAT = 0, CPHAR = 0)

SPBSSL
output

SPBCLK
CPOL =0
output

SPBCLK
CPOL =1
output

SPBMI,
SPBIOO0 to
SPBIO3
input

SPBMO, <«

SPBIOO0 to i
SPRIO3 )— MSB OUT DATA X LSB OUT X IDLE

output 7

Figure 2.20 SPIBSC Transmit/Receive Timing (CPHAT =1, CPHAR = 1)
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£

SPBSSL 4

output «

R
tLean

SPBCLK
CPOL=0 A ]
output

tiac

SPBCLK
CPOL =1 7 7
output

SPBMI,
SPBIOO to
SPBIO3
input

SPBMO, €

"
SPBIOO to MSB OUT DATA

SPBIO3 T LSB OUT
7

IDLE

output

Figure 2.21

SPIBSC Transmit/Receive Timing (CPHAT =0, CPHAR =1)

SPBCLK
CPOL=0
output

SPBCLK
CPOL =1
output

SPBMO, I
SPBIOO to

N O

teorr

tson

SPBIO3 /|
output

Figure 2.22

SPIBSC Buffer On/Off Timing (CPHAT = 0, CPHAR = 0)

SPBCLK
CPOL=0

/7

output

SPBCLK
CPOL =1
output

~/\
\_ \_/

SPBMO, I
SPBIOO to

tsorr

tson

|/—

SPBIO3 ,).) /|
output

| S

Figure 2.23

SPIBSC Buffer On/Off Timing (CPHAT =1, CPHAR = 1)
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SPBCLK
CPOL=0
output

5
SPBCLK \

CPOL =1 «
output

SPBMO, 4 \ I/—
SPBIOO to 3 <
output 45 /| |

P

Figure 2.24 SPIBSC Buffer On/Off Timing (CPHAT = 0, CPHAR = 1)
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24.3.6 RIICa Timing
Table 2.20 RIICa Timing
Output load conditions: Vg5 =0.4 V, Ig 2 =3 mA
Test

Item symbol min*2 max*2 Unit"  Conditions

RlICa SCL input cycle time tscL 6(12) x tjiceyc + 1300 — ns Figure 2.25

ﬁ:ézr;‘;ard‘ SCL input high pulse width tsot 3(6) X ficyo + 300 — ns
SCL input low pulse width tscLL 3(6) * tyceyc + 300 — ns
SCL, SDA input rising time tsr — 1000 ns
SCL, SDA input falling time tef — 300 ns
SCL, SDA input spike pulse removal time  tgp 0 1(4) * ticeye ns
SDA input bus free time tsuF 3(6) * ticeyc + 300 — ns
Start condition input hold time tsTAH tiiceye + 300 — ns
Restart condition input setup time tsTas 1000 — ns
Stop condition input setup time tstos 1000 — ns
Data input setup time tspas tiiceye + 90 — ns
Data input hold time tspAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF

RIICa SCL input cycle time tscL 6(12) x tjceyc + 600 — ns

(Fast-mode) “ge) Sinnut high pulse width tsot 3(6) X ticyo + 300 — ns
SCL input low pulse width tscLL 3(6) * tceyc + 300 — ns
SCL, SDA input rising time ter —*4 300 ns
SCL, SDA input falling time tes —*4 300 ns
SCL, SDA input spike pulse removal time  tgp 0 1(4) * ticeye ns
SDA input bus free time tsuF 3(6) * tjicoyc + 300 — ns
Start condition input hold time tsTAH tiiceye + 300 — ns
Restart condition input setup time tstas 300 — ns
Stop condition input setup time tstos 300 — ns
Data input setup time tspas tiiceye + 90 — ns
Data input hold time tspaH 0 — ns
SCL, SDA capacitive load™ Cp — 400 pF

Note 1.
Note 2.

tIICcyc:

RIICa internal reference clock (IIC@) cycle

The value out of parentheses is applicable when the value of the ICMR3.NF[1:0] bits is 00b while the digital filter is enabled by

the setting ICFER.NFE = 1. The value within parentheses is applicable when the value of the ICMR3.NF[1:0] bits is 11b while
the digital filter is enabled by the setting ICFER.NFE = 1.

Note 3.
Note 4.

Cb is the total capacitance of the bus lines.
The minimum values are not specified for trs and tsf in Fast-mode.
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/ X i

SDA1
. Vi 7 _
tur
‘ —> <l tstas —>| —tsp —> [« tstos
SCLA1 / \ Vv
P T srt T P
tspas
< tsoan Test Conditions
Viz = VCCQ33 % 0.7,
V)2 = VCCQ33 % 0.3,
Vo2 = 0.4V (|OL2 = 3mA)
Note 1. S, P, and Sr indicate the following conditions.
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.25 RIICa Bus Interface Input/Output Timing
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2437 CAN Interface Timing

Table 2.21 CAN Interface Timing

Item Symbol min max Unit Test Conditions
Internal delay time tnode — 100 ns Figure 2.26
Transmission rate — 1 Mbps

Internal delay time (tnode) = Internal transmission delay time (toutput) + Internal reception delay time (tinput)

Internal transmission CTXD1 pin
delay time
(toutput)

> >

"

CAN controller

R C
Internal reception
delay time
(tinput) CRXD1 pin
Figure 2.26 CAN Interface Conditions
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24.3.8 ESC Timing

Table 2.22 ESC Timing
Output load conditions: Vg = VCCQ33 x 0.5, Vg 4 = VCCQ33 x 0.5, C = 30 pF

Item Symbol min max Unit Test Conditions
ESC (MIl) ETHn_TXC cycle time treye 40 — ns —
ETHN_TXEN output delay time treENd 0 25 ns Figure 2.27
ETHn_TXDO to ETHn_TXD3 output delay time tMTDd 0 25 ns
ETHn_RXC cycle time trReye 40 — ns —
ETHn_RXDV setup time trRDVs 10 — ns Figure 2.28
ETHn_RXDV hold time tRDVH 10 — ns
ETHn_RXDO to ETHn_RXD3 setup time tMRDs 10 — ns
ETHn_RXDO to ETHn_RXD3 hold time tMRDR 10 — ns
ETHn_RXER setup time tRERS 10 — ns Figure 2.29
ETHn_RXER hold time tRERN 10 — ns
n=0,1
ewoe [T LU LU
trend
IL I
e | | [
tvmod
—
I 1
ETHh TXD[3:0] Prearble SFD X DATA k X CRC X
i 1!
ewee [T LU LU
(n=0,1)
Figure 2.27 Mil Transmission Timing
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trovs trovh
»—le
1
tNlRDh S
<
1]. i
L}

- IL
T Tr Tr
ETHn_RXD[3:0] JIK Preamble CX:X:X DATA X CRC X
} F 1
SFD

[ [

ETHn_RXDV

i

twros

»
»l <
<

n=0,1

Figure 2.28 MIl Reception Timing (Normal Operation)

ETHn_RXDV _L“_/ S

]

{
T 1r
ETHn_RXDI[3:0] X JIK X Preamble X SFD X DATA X XXXX
L ]
I 1

‘f‘

>

=4 3 tRern
K g tRers _!——\_ &
ETHn_RXER 7— —k
n=0,1
Figure 2.29 MIl Reception Timing (Error Occurrence)
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2439 Serial Management Interface

Table 2.23 Serial Management Interface

Output load conditions: Vg = VCCQ33 x 0.5, Vg 4 = VCCQ33 x 0.5, C = 30 pF

Test
Item Symbol  min max Unit Conditions
MDIO ETH_MDC output cycle tmoc 80 — ns Figure 2.30
ETH_MDIO input setting time (to ETH_MDCt) tsmpio 10 — ns
ETH_MDIO input hold time (to ETH_MDC?) thmbio 0 — ns
ETH_MDIO output delay time (to ETH_MDC|) tompio — 20 ns
P tmpc
ETH_MDC [ \
(Output)
P tsmpio
tumpio
ETH_MDIO
(Input)
tDMDIO tDMDIO
ETH_MDIO X
(Output)
Figure 2.30 Serial Management Access Timing
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2.5 USB Characteristics

e Conditions: VDD = PLLVDDO = PLLVDD1 = DVDD_USB =1.14 to 1.26 V,

VCCQ33 =VDD33_USB=3.0t0 3.6 V
VSS = PLLVSS0 = PLLVSS1=VSS_USB=0V,
Tj=-40t0 125 °C

Table 2.24 On-chip USB Full-Speed Characteristics (USB_DP, USB_DM Pin Characteristics)

Item Symbol min typ max Unit Test Conditions
Rising time trr 4 — 20 ns Figure 2.31
Falling time tre 4 — 20 ns
Rising/falling time ratio trr/ trE 90 — 1M11.1 % ter/ teE

USB_DP, Vers .. ¢..... .M. 0%, ... 0% ...

USB_DM 10% 10%

<_
ter ter

Figure 2.31  USB_DP, USB_DM Output Timing (Full Speed)

Measurement point
USB_DP
— Y

J‘ 50 pF
.

C

USB_DM

50 pF

.

Figure 2.32 Measurement Circuit (Full Speed)
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Table 2.25 On-chip USB High-Speed Characteristics (USB_DP, USB_DM Pin Characteristics)

Item Symbol min typ max Unit Test Conditions
AC Rising time thsr 500 — — ps Figure 2.33
characteristics

Falling time thsk 500 — — ps

Output resistance Zuspry 405 — 49.5 Q

Figure 2.33 USB_DP, USB_DM Output Timing (High Speed)

Measurement point

USB_DP
8. Y
LI
450
USB_DM
450

Figure 2.34 Measurement Circuit (High Speed)
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2.6 Oscillation Stop Detection Timing

Table 2.26 Oscillation Stop Detection Circuit Characteristics

Test

Item Symbol min typ max Unit Conditions
Clock switching time tar — — 1 ms Figure 2.35

LOCO clock / \ \ ’ \ / \

CPUCLK /_\—/_\—/_!E T \ [

tdr
Figure 2.35 Oscillation Stop Detection Timing
R0O1DS0289EJ0140 Rev.1.40 RENESAS Page 52 of 58

Oct. 30, 2020



EC-1

. Electrical Characteristics

2.7 Debug Interface Timing

Table 2.27 Debug Interface Timing
Output load conditions: Vg = VCCQ33-0.5V, Vg 1 =04V

Item Symbol Min. Max. Unit Reference Figure
TCK cycle time trekeye 30 — ns Figure 2.36

TCK high pulse width treknu 0.4 0.6 trekeye

TCK low pulse width treke 0.4 0.6 trekeye

TDI setup time trois 5 — ns Figure 2.37

TDI hold time trom 5 — ns Output load: 30 pF
TMS/SWDIO setup time trmss 5 — ns

TMS/SWDIO hold time trmsH 5 — ns

SWDIO delay time tswpbo — 15 ns

TDO delay time trpop — 15 ns

Capture register setup time tcaPTs 5 — ns Figure 2.38
Capture register hold time tcAPTH 5 — ns

Update register delay time tuPDATED — 15 ns

Trace clock cycle treye 26.6 — ns Figure 2.39

Trace data delay time tro1 025xtioyc—2  025xtroyg+2  ns Output load: 15 pF

tTCKcyc

TCK

1/2PV¢c

tTCKH

trokL

1/2PV¢c

Figure 2.36

TCK Input Timing
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TCK

L

trckeye

»

trois trom

TDI

X

trmss trmsh

TMS/SWDIO (input)

T

tswoo

SWDIO (output)

troop

TDO

Figure 2.37 Data Transfer Timing

TCK 7L—\

tcapts | tcapth

s

Capture
register
tuppATE
Update
register
Figure 2.38 Boundary Scan Input/Output Timing
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treve

v
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(output) /

TRACECTL,
TRACEDATAY to
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(output)
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Figure 2.39 Trace Interface Timing
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and Rpd2, modified

29 Table 2.11 CLKOUT25Mn Timing: CLKOUT25Mn (MIl) / CLKOUT25Mn frequency: The max. and
min. values modified

44 Table 2.20 RIICa Timing: Note 4 modified

47 Table 2.22 ESC Timing: Index (n =0, 1), added

51 Table 2.25 On-chip USB High-Speed Characteristics (USB_DP, USB_DM Pin Characteristics):

The header notation modified (Typ — typ)
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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 LS| 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/O
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 V_(Max.)
and V| (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 V|_(Max.) and V| (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 LS| 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.

10. ltis 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 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.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWW.renesas.com www.renesas.com/contact/

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

© 2020 Renesas Electronics Corporation. All rights reserved.
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