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Notice

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.

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.

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

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.

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.

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.

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.

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.

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.

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

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

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

(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.

(Rev.4.0-1 November 2017)




(1) Voltage
application
waveform at input
pin:

(2) Handling of
unused input pins:

(3) Precaution
against ESD:

(4) Status before
initialization:

(5) Power ON/OFF
sequence:

(6) Input of signal
during power off
state:

Notes for CMOS devices

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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

Unconnected CMOS device inputs can be cause of malfunction. If an input pin
is unconnected, it is possible that an internal input level may be generated due
to noise, etc., causing malfunction. CMOS devices behave differently than
Bipolar or NMOS devices. Input levels of CMOS devices must be fixed high or
low by using pull-up or pull-down circuitry. Each unused pin should be
connected to power supply or GND via a resistor if there is a possibility that it
will be an output pin. All handling related to unused pins must be judged
separately for each device and according to related specifications governing
the device.

A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it when it has occurred. Environmental control must be adequate.
When it is dry, a humidifier should be used. It is recommended to avoid using
insulators that 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 should be grounded. The operator should be grounded using a
wrist strap. Semiconductor devices must not be touched with bare hands.
Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

Power-on does not necessarily define the initial status of a MOS device.
Immediately after the power source is turned ON, devices with reset functions
have not yet been initialized. Hence, power-on does not guarantee output pin
levels, 1/0 settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after
power-on for devices with reset functions.

In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply
after switching on the internal power supply. When switching the power supply
off, as a rule, switch off the external power supply and then the internal power
supply. Use of the reverse power on/off sequences may result in the
application of an overvoltage to the internal elements of the device, causing
malfunction and degradation of internal elements due to the passage of an
abnormal current. The correct power on/off sequence must be judged
separately for each device and according to related specifications governing
the device.

Do not input signals or an I/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or 1/0
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.
Input of signals during the power off state must be judged separately for each
device and according to related specifications governing the device.
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RH850/E2M

Section 1 Electrical Characteristics

Section 1

1.1

Electrical Characteristics

Absolute Maximum Ratings

Table 1.1 lists absolute maximum ratings.

Table 1.1 Absolute Maximum Ratings
ltem Symbol Rated Value Unit | Note
Power voltage*' SYSVCC, VCC VCC -0.3to +6.5 \%
EOVCC, E1VCC, EOVCC, E1VCC, -0.3to +6.5 \Y
E2VCC E2VCC
VDD VDD -0.3to +1.8 \Y
LvbvcC LvDbvCcC -0.3t0 +6.5 \Y
Input voltage SYSVCC power pin Vin -0.3 to SYSVCC +0.3 \% See Table 1.2
VCC power pin Vin -0.3to VCC +0.3 \%
EOVCC, E1VCC, Vin -0.3 to EOVCC +0.3 \Y,
E2VCC power pins -0.3 to E1VCC +0.3
-0.3to E2VCC +0.3
LVDVCC power pin VLvosiN -0.3toLVDVCC + 0.3 \%
5V tolerant pin*2 Vin -0.3t0 +5.8 \Y
Analog power voltage AOVCC, A1VCC, -0.3to0 +6.5 \% A1VCC, A3VCC is only
A2VCC, A3VCC BGA373 package
ADSVCC -0.3t0o +6.5 \Y
Analog reference voltage AOVREFH -0.3 to AOVCC +0.3 \% A1VREFH, A3VREFH is
A1VREFH -0.3to ATVCC +0.3 v | only BGASTS package
A2VREFH -0.3to A2VCC +0.3 \Y
A3VREFH -0.3to A3VCC +0.3 \Y
ADSVREFH -0.3 to ADSVCC +0.3 \Y
ADSVREFL -0.3 to ADSVSS +0.3 \Y,
Analog input voltage Vain -0.3 to AOVCC +0.3 \% A1VCC, A3VCC is only
-0.3 to ATVCC +0.3 BGAS373 package
-0.3 to A2VCC +0.3
-0.3 to A3VCC +0.3
Vapsin -0.3 to ADSVCC +0.3 \Y
VSS differential voltage*® -0.1to +0.1 \% A1VSS, A3VSS is only
(Condition: Between any two of VSS, BGA373 package
AQOVSS, A1VSS, A2VSS, A3VSS,
ADSVSS.)
Maximum input Digital input pin Imax -25to +25 mA Only 1 pin at a time
current (per pin) Analog input pin Imax -25to +25 mA
Junction temperature*! Tj -40 to +150 °C
Storage temperature Tstg -55to +150 °C After mounting

Note 1.
Note 2.

MDO, MD1, RES_IN , TRST , NMI.

Note 3.

Cumulative hours of operation of this LS| with Tj in the range from 125°C to 150°C must be kept to less than 3000 hours.
Pins below described as “(5 V tol.)” in Section 1.2.1, Relationship between Power Name and Pin.

If it is not necessary to identify EOVCC, E1VCC and E2VCC specifically, it is sometimes described as “EVCC”.

RO1UHO0778EJ0130 Rev.1.30

Dec 26, 2019
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RH850/E2M Section 1 Electrical Characteristics

NOTE

Using this LS| without observing these absolute maximum ratings may result in permanent breakdown of the LSI. This
product is used with a combination of multiple power voltages simultaneously in some cases. Use this LS| conforming to
power pin connections, conditions for combination of power voltages to be applied, voltages that can be applied to pins,
and output voltage conditions, which are specified in the manual. Using this LS| with unspecified power connections or
voltages may result in permanent breakdown of the LSI or damage to the system that contains this LSI.

RO1UHO0778EJ0130 Rev.1.30 RENESAS Page 7 of 89
Dec 26, 2019



RH850/E2M Section 1 Electrical Characteristics

1.2 DC Characteristics

1.21 Relationship between Power Name and Pin

Regarding the relationship between power name and pin, please refer to each sheet of “E02-01_List of Alternative

Functions.xlsx” file.

1.2.2 Operating Conditions

Table 1.2 Operating Conditions

Symbol Condition Min. Typ. Max. Unit
SYSVCC 3.0 3.3 3.6 \Y
4.5 5.0 5.5 \Y
VCC 3.0 3.3 3.6 \
4.5 5.0 5.5 \Y
VDD 1.2 1.275 1.35 \
EOVCC* 4.5 5.0 5.5 \Y
E1VCC* Using Ethernet, CSIH only 3.0 3.3 3.6 \Y
The others 4.5 5.0 5.5 \
E2vVCC* Using Ethernet, RHSB, CSIH only 3.0 3.3 3.6 \Y
The others 4.5 5.0 5.5 \
LVDVCC* 3.0 3.3 3.6 \Y
4.5 5.0 5.5 \
AOVCC*3, A1VCC*3, 45 5.0 5.5 \Y
A2VCC*3, A3VCC*®
ADSVCC*® 4.5 5.0 5.5 \Y
AOVREFH, A1VREFH, 4.5 5.0 5.5 \
A2VREFH, A3VREFH*'
ADSVREFH*? 4.5 5.0 5.5 \
Tj (Junction temperature) -40 to +150 °C

Note: Supply the specified voltages to all power-supply voltage connections when starting operation. Turn off all power voltages when
stopping operation. In power-off standby mode, turn off power voltages other than SYSVCC.

Note 1. Set a value not greater than AOVCC, A1VCC, A2VCC and A3VCC.

Note 2.  Set a value not greater than ADSVCC.

Note 3. Operated under the condition of AOVCC = A1VCC = A2VCC = A3VCC = ADSVCC.

Note 4. EOVCC, E1VCC and E2VCC are described as EVCC when it is not necessary to distinguish.

Note 5. The combinations of the power connection about EOVCC and LVDVCC, see Section 11, Power Supply, for details.

RO1UHO0778EJ0130 Rev.1.30 RENESAS Page 8 of 89
Dec 26, 2019



RH850/E2M

Section 1 Electrical Characteristics

1.2.3

Input Voltage Characteristics

Table 1.3 DC Characteristics (Input Voltage)
Conditions: Power supply voltages and Tj refer to “Section 1.2.2, Operating Conditions”
VSS = AOVSS = A1VSS = A2VSS = A3VSS = ADSVSS = ADSVREFL =0V
ltem Symbol Min. Typ. | Max. Unit | Measurement Condition
Schmitt trigger input voltage | V1 + (Vin) SYSVCC x 0.75 — |55+03 \% See Section 1.2.1,
(RES_IN) Relationship between
h Power Name and Pin.
(RES_IN SYSVCC = 3.0
to 3.6 V)
SYSVCC x 0.7 — |55+0.3 \ See Section 1.2.1,
Relationship between
Power Name and Pin.
(RES_IN SYSVCC = 4.5
to 5.5V)
Vr= (V) |-03 — | SYSVCC x0.25 V | See Section 1.2.1,
Vis SYSVCC x 0.2 = v Relationship betwe_en
Power Name and Pin.
(RES_IN)
Schmitt trigger input voltage | V1 + (Viy) | EOVCC x 0.65 — |EOVCC +0.3 \% See Section 1.2.1,
(Buffer type Sch1) E1VCC x 0.65 E1VCC +0.3 Relationship between
E2VCC x 0.65 E2VCC + 0.3 Power Name and Pin.
AOVCC x 0.65 AOVCC + 0.3 (Item of Sch1 input buffer
' ' t
A2VCC x 0.65 A2VCC +0.3 ype)
VCC % 0.65 VCC +0.3
V1= (Vi) -0.3 — |EOVCC x 0.35 Y
E1VCC x 0.35
E2VCC x 0.35
AOVCC x 0.35
A2VCC x 0.35
VCC x 0.35
Vus 0.4 — | = \ See Section 1.2.1,
Relationship between
Power Name and Pin.
(Item of Sch1 input buffer
type EOVCC = E1VCC =
E2VCC = AQVCC =
A2VCC =VCC=4.5Vto
5.5V).
0.3 — | = \ See Section 1.2.1,
Relationship between
Power Name and Pin.
(Item of Sch1 input buffer
type E1VCC = E2VCC =
VCC=3.0Vto3.6V).
Schmitt trigger input voltage | V1 + (Vin) SYSVCC x 0.75 — |55+03 \% See Section 1.2.1,
(Buffer type Sch2*?) VCC x 0.75 Relationship between
v v 0.3 SYSVCC x 0.25 v Power Name and Pin.
- - J— X
= (V) ' VOC % 0.25 ' (Item of Sch2 input buffer
X
i type)
Vis SYSVCC x 0.2 — |— \Y
VCC x 0.2
RO1UHO0778EJ0130 Rev.1.30 RENESAS Page 9 of 89

Dec 26, 2019



RH850/E2M Section 1 Electrical Characteristics
ltem Symbol Min. Typ. | Max. Unit | Measurement Condition
Schmitt trigger input voltage | V1 + (Vin) EOVCC x 0.6 — |EOVCC +0.3 \% See Section 1.2.1,
(Buffer type SchMSC*") E2VCC % 0.6 E2VCC +0.3 Relationship between

Y 0.3 EOVCC = 0.36 v Power Name and Pin.
- — —_ X
AL ' : (Item of SchMSC input
E2VCC x 0.36 buffer type)
Vis EOVCC x 0.082 — |— \
E2VCC x 0.082
TTL input voltage Viy 2.2 — |EOVCC +0.3 \% See Section 1.2.1,
E1VCC + 0.3 Relationship between
E2VCC + 0.3 Power Name and Pin.
VCC + 0.3 (Item of TTL input buffer
type)
Vi -0.3 — |08 \Y
Clock input voltage (EXTAL) | Viy VCC x 0.7 — |VCC+0.3 \Y,
Vi -0.3 — |VvCCx0.2 \Y

Note 1.
Note 2.

The pins that are supported with the SchMSC input is shown in Appendix file “E02-01_List of Alternative Functions.xIsx”.
Except for RES_IN.

RO1UHO0778EJ0130 Rev.1.30

Dec 26, 2019
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Section 1 Electrical Characteristics

1.24 Input Leakage Current Characteristics

Table 1.4 DC Characteristics (Input Leak Current)
Item Symbol Min. Typ. | Max. Unit | Measurement Condition
Input leakage Other than | lin | — — 1 pA | Vin=0V to EOVCC, E1VCC,
current LVDS and E2VCC
A/D port Vin =0V to SYSVCC,
Vin=0V to VCC
LVDS port | lin | — — 1 WA | Vin=0V to EOVCC,
Vin=0V to LVDVCC
A/D port [ lin | — — |01 pA | Vin =0V to AOVCC, A1VCC,
A2VCC, A3VCC
Vin =0V to ADSVCC
RO1UH0778EJ0130 Rev.1.30 RENESAS Page 11 of 89

Dec 26, 2019
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Section 1 Electrical Characteristics

1.2.5

Pull-Up / Pull-Down MOS Current Characteristics

Table 1.5 DC Characteristics (Pull-Up / Pull-Down MOS Current)
Item Symbol | Min. Typ. Max. Unit | Measurement Condition
Input pull-up TMS, TDI, TDO, TCK, =lpu — — 350 MA |Vin=0V
MOS current DRDY (Including use as VCC=30to3.6Vor4.5t055V
JTAG port)
EQOVCC, E1VCC, E2VCC — — 350 MA |Vin=0V
power pin EOVCC =45t05.5V
(Excluding SchMSC E1VCC=3.0t036Vor4.5t055V
enabled pin) E2VCC=3.0t03.6V or4.5t055V
EOVCC, E2VCC power 15 — 90 MA [Vin=0V
pin E2VCC=3.0t0 3.6 V
Pkl
(SchMSC enabled pin*') 40 _ 190 uA |Vin=ov
EOVCC =45t05.5V
E2VCC =45t05.5V
Input pull-down | RES_IN lpd — — 110 MA | Vin =SYSVCC, SYSVCC =3.0t03.6 V
MOS current or4.5t055V
TRST — — 350 pA | Vin = SYSVCC,
SYSVCC =3.0t03.6Vor4.5t055V
TMS, TDI, TDO, TCK, — — 350 MA | Vin =VCC,
DRDY VCC=3.0to3.6Vor4.5t055V
MDO, MD1 (SYSVCC — — 350 pA | Vin = SYSVCC,
power pin) SYSVCC=3.0t03.6Vor4.5t055V
NMI — — 350 MA | Vin=VCC,VCC=3.0t03.6Vor4.5to
55V
EOVCC, E1VCC, E2vVCC — — 350 MA | Vin =EOVCC, EOVCC =4.5t05.5V
power pin Vin = E1VCC, E1VCC=3.0t0 3.6 V or
(Excluding SchMSC 45t055V
enabled pin) Vin = E2VCC, E2VCC =3.0t0 3.6 V or
45t055V
EQVCC, E2VCC power 15 — 120 MA | Vin=E2VCC, E2VCC=3.0t0 3.6 V
pin 50 — 240 WA | Vin = EOVCC, EOVCC = 4.5t0 5.5V

(SchMSC enabled pin*')

Vin = E2VCC, E2VCC =4.5t0 5.5V

Note 1.

The pins that are supported with the SchMSC input is shown in Appendix file “E02-01_List of Alternative Functions.xIsx”.

RO1UHO0778EJ0130 Rev.1.30
Dec 26, 2019
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Section 1 Electrical Characteristics

1.2.6

Table 1.6

Conditions:

Output Voltage Characteristics

DC Characteristics (Output Voltage)

Power supply voltages refer to “Section 1.2.2, Operating Conditions”

IOVCC means the pin are assigned to the power supply (EnVCC, VCC and SYSVCC).

ltem Symbol Measurement Condition*3 Min. Typ. Max. Unit
Drive Strength 1 Von lon = =1mMA per pin (16 pins) I0VCC - 0.7 — — \%
Vou lon = —500pA per pin (16 pins) IOVCC - 0.5 — — \%
VoL loL = 1mA per pin (16 pins) — — 0.7 \%
VoL lo. = 500uA per pin (16 pins) — — 0.5 \%
Drive Strength 2 Von lon = —2mA per pin (16 pins) IovCC - 0.7 — — \Y
Von lon = —1mMA per pin (16 pins) IOVCC - 0.5 — — \%
VoL loL = 2mA per pin (16 pins) — — 0.7 \%
VoL loL = 1mA per pin (16 pins) — — 0.5 \%
Drive Strength 3 Von lon = =4mA per pin (8 pins) IOVCC - 0.8 — — \%
Vou lon = —2mA per pin (8 pins) IOVCC - 0.5 — — \%
VoL loL =4mA per pin (8 pins) — — 0.8 \%
VoL loL = 2mA per pin (8 pins) — — 0.5 \%
Drive Strength 4 Von lon = =4mA per pin (8 pins) IOVCC - 0.8 — — \%
Vou lon = —2mA per pin (8 pins) IOVCC - 0.5 — — \%
VoL loL = 4mA per pin (8 pins) — — 0.8 \%
VoL loL = 2mA per pin (8 pins) — — 0.5 \%
RHSB*' Vou lon = —2mA per pin (5 pins) IOVCC - 0.4 — — \%
VoL loL = 2mA per pin (5 pins) — — 0.4 \%
ERROROUT_M*? Vou lon = —4mA per pin IOvCC -0.8 — — \Y
Von lon = =2mA per pin IOVCC - 0.5 — — \%
VoL loL =4mA per pin — — 0.8 \%
VoL loL = 2mA per pin — — 0.5 \%

Note 1.

Note 2.
Note 3.

The pins multiplexed with functions RHSBnCSDx (n =0, 1, x = 0, 1) are used as RHSB functions. It should be set drive
strength 4 for RHSB use.

The drive strength setting of ERROROUT_M pin is fixed as drive strength 4.
Maximum pin counts of simultaneous operation is defined in parentheses, simultaneous operation up to the maximum pin

count is available for each group only EnVCC power domain (n = 0 to 2). It has no limits for other power domain.
P10_4to 9, P10_11,P13_8to 14

P00_1, P02_0 to 6, P02_9, P10_10, P10_12to 14
P00_0, P00_2 to 11, PO1_3 to 7, P02_7 to 8, P02_10 to 11

Group01:
Group02:
Group03:
Group04:
Group05:
Group06:
Group0Q7:
Group08:
Group09:
Group10:
Group11:
Group12:
Group13:
Group14:
Group15:
Group16:

P10 Oto 3

P13 0to3,P14 4t05
P13 4t07, P14 2t0 3, P14 _8to 11

P14 0to 1, P14 6to 7, P14_12, P15_0to 8, P24_10to 11, P24_14

P20 2to 7, P24_12to 13, P24 15, RES_OUT
P20 Oto 1, P21 205, P22 12, P24 8t0 9
P22 0, P22_2to 4, P22_6to 11, P22_13
P22 1, P22 5, P23 0to7, P24 3,P24 6to7
P24 0to2, P24 4t05, P25 0to6, P30_0to 3, P32 2t0 6
P32 Oto 1, P33 4, P33 6 to 12

P33 0to 3, P33 5, P33_13,P34 0to4

P11_0to 10
P12 0to 9
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RH850/E2M

Section 1

Electrical Characteristics

1.2.7 Allowable Output Current

Table 1.7 DC Characteristics (Allowable Output Current)
Item Symbol Min. Typ. Max. Unit
Output low-level allowable current (per pin) loL — — 4.0 mA
Output low-level allowable current (total) 2oL — — 80 mA
Output high-level allowable current (per pin) lon — — 4.0 mA
Output high-level allowable current (total) 2 lon — — 80 mA
1.2.8 Injection Current
Table 1.8 DC Characteristics (Injection Current)
Item Symbol Min. Typ. Max. Unit
DC injection current (per pin) | Logic pin*! lic -2.0 — 2.0 mA
Analog pin -3.0 — 3.0 mA
DC injection current (total) 2]l -50 — 50 mA

Note 1. Injection current to the logic pin multiplexed with the LVDS function is prohibited when the LVDS function is used. When the

LVDS function is not used, Injection current to the logic pin multiplexed with the LVDS function causes at maximum an

additional 1 pA leakage current at the complimentary P/N pin. For example, injection current to RHSBOFCLP causes at

maximum an additional 1 pA leakage current at RHSBOFCLN.
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RH850/E2M Section 1 Electrical Characteristics

1.2.9 LVDS Driver

Table 1.9 DC Characteristics (LVDS Driver (ANSI/TIA/EIA-644 standard) Characteristics)
Conditions: EQVCC =4.5Vt0 5.5V

ltem Symbol Min. Typ. | Max. Unit | Measurement Condition
Output differential voltage Vob 250 — 450 mV | Figure 1.1, Figure 1.2
Offset voltage Vos 1125 — 1375 mV

Va

Transmission signal Terminating resistor 100Q + 1%

PB———ow

Inside the microcontroller Outside the microcontroller
(schematic)

Note: Combinations of pins (P) and pins (N)
RHSB*FCLP / RHSB*FCLN
RHSB*SOP / RHSB*SON
HSSPI*_CLKP / HSSPI*_CLKN
HSSPI*_TXDP / HSSPI*_TXDN

Figure 1.1 LVDS Driver Va / Vb Measurement Conditions

Va \/ r Vor /
/\

Vb
VOS
VSS
Figure 1.2 Definition of LVDS Driver Symbols
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RH850/E2M Section 1 Electrical Characteristics

Table 1.10 DC Characteristics (LVDS Driver (based on IEEE 1596.3-1996) Characteristics)
Conditions: LVDVCC=3.0Vto3.6Vor45Vto55V

Item Symbol Min. Typ. | Max. Unit | Measurement Condition
Output high-level voltage Von — — 1400 mV | Figure 1.3, Figure 1.4
Output low-level voltage VoL 1000 — |— mV
Output differential voltage Vob 150 — 1250 mV
Offset voltage Vos 1125 — 1275 mV
Output impedance Ro 40 — 140 Q

QO Va

Transmission signal Terminating resistor 100Q + 1%

O VWb
A
Y ! Y
Inside the microcontroller Outside the microcontroller
(schematic)

Note: Combinations of pins (P) and pins (N)
RHSIF*TXDP / RHSIF*TXDN

Figure 1.3 LVDS Driver Va / Vb Measurement Conditions

A
Vos VoL
VSS v A
Figure 1.4 Definition of LVDS Driver Symbols
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RH850/E2M Section 1 Electrical Characteristics

1.2.10 LVDS Receiver

Table 1.11 DC Characteristics (LVDS Receiver (ANSI/TIA/EIA-644 standard) Characteristics)

Conditions: EOVCC=4.5Vto55V

ltem Symbol Min. Typ. | Max. Unit | Measurement Condition
Input differential threshold Vidth -100 — 100 mV | Figure 1.5, Figure 1.6
Input voltage Vin 0 — |24 \Y
Input current [lial, Mol — — |20 pA
Input differential current |la = Iy| — — |6 uA

Va 7 +

Terminating resistor 100Q2 + 1% Recieve signal

Vb S -

QOutside the microcontroller Inside the microcontroller
(schematic)

Note: Combinations of pins (P) and pins (N)
HSSPI*_CLKP / HSSPI*_CLKN
HSSPI*_RXDP / HSSPI*_RXDN

Note: Be sure to connect a terminating resistor of the LVDS receiver nearest the microcontroller, because it isn't built
in the microcontroller.

Figure 1.5 LVDS Receiver Va / Vb Measurement Conditions

Va A
A
Vidih
\4
Vb yy
Vin Vin
VSS . ‘
Figure 1.6 Definition of LVDS Receiver Symbols
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RH850/E2M Section 1 Electrical Characteristics

Table 1.12 DC Characteristics (LVDS Receiver (based on IEEE 1596.3-1996) Characteristics)

Conditions: LVDVCC=3.0Vto3.6Vor45Vto55V

Item Symbol Min. Typ. |Max. Unit | Measurement Condition
Differential Input threshold voltage | Vian -100 — 100 mV | Figure 1.7, Figure 1.8
Common-mode voltage Vem 825 — 1575 mV

Input current |lial, |lio] — — 20 uA

Input differential current |la = lp| — — 6 pA

Terminating resistor 100Q + 1% Received signal

e e b

Vb O O
|
|
A
~ [ ~
QOutside the microcontroller Inside the microcontroller
(schematic)

Note: Combinations of pins (P) and pins (N)
RHSIF*RXDP / RHSIF*RXDN

Note: Be sure to connect a terminating resistor of the LVDS receiver nearest the microcontroller, because it isn't built
in the microcontroller.

Figure 1.7 LVDS Receiver Va / Vb Measurement Conditions

VSS

Figure 1.8 Definition of LVDS Receiver Symbols

RO1UHO0778EJ0130 Rev.1.30 RENESAS Page 18 of 89
Dec 26, 2019



RH850/E2M

Section 1 Electrical Characteristics

1.2.11 Input Capacitance
Table 1.13 DC Characteristics (Input Capacitance)
Conditions: EOVCC =E1VCC =E2VCC =45V t055V
ltem Symbol Min. Typ. | Max. Unit | Measurement Condition
Input capacitance All ports*' | Ciy — — 10 pF |Vin=0V,
f=1MHz,
Tj=25°C

Note 1. EXTAL and XTAL are excluded. About EXTAL and XTAL configuration, see Section 15, Clock Controller.
1.212 Supply Current Characteristics
Table 1.14 DC Characteristics (Supply Current)
Item Symbol Min. Typ.*! Max. Unit | Measurement Condition
Core supply current Normal operation ld — 800 1500 mA | Operation at 400 MHz
(VDD power) Current during reset | lugrs 260 340 1100 mA
VCC supply current Normal operation lec — 23 65 mA

(excluding erasure of

code flash)

Erasure of code flash | lcc_cferase — 64 105 mA

Current during reset loorst 4 12 45 mA
System supply current | Normal operation lsys — 0.25 mA
(SYSVCC) Current during reset lsysrst 0.1 0.3 2 mA
EOVCC LVDS RHSB operation lLvps — 12 17 mA |1ch
supply current HSSPI operation lussp — 14 20 mA |1ch
LVDVCC LVDS RHSIF operation IrHsiF — 12 16 mA |1ch
supply current
Analog power current (AOVCC, A1VCC, lavee — 7 13 mA | Total Channel
A2VCC, A3VCC)
Analog power current (ADSVCC) labsvee — 14 20 mA | Total Channel
ADC reference power current lavrer — 440 1000 JA | Total Channel
(AOVREFH, A1VREFH, A2VREFH, A3VREFH)
ADC reference power current (ADSVREFH) lavReF Ds — 600 1000 WA | Total Channel

Note 1. AtTj=25°C

CAUTIONS

1. Even if the A/D converter is not used or it is in the standby state, do not open the AOVCC pin, A1VCC pin, A2VCC
pin, A3VCC pin, AOVREFH pin, A1VREFH pin, A2VREFH pin, A3VREFH pin, ADSVREFH pin, ADSVREFL pin,
AOVSS pin, A1VSS pin, A2VSS pin, A3VSS pin, and ADSVSS pin.

2. Supply current values are with all output pins unloaded when Viimin = VCC - 0.5V /EOVCC - 0.5V/E1VCC - 0.5
V/E2VCC-0.5Vand ViL=0.5V.
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RH850/E2M

Section 1 Electrical Characteristics

1.213 Standby Current

Table 1.15 DC Characteristics (Standby)

Conditions: SYSVCC = SYSVCCLow, Other power supply voltages = 0 to Operation voltage,
VSS = AOVSS = A1VSS = A2VSS = A3VSS = ADSVSS = ADSVREFL =0V

ltem Symbol Min. Typ. Max. Unit | Measurement Condition
Supply current (SYSVCC) Power-off standby Iss — — 0.1 mA -40°C <Tj=25°C
— — 1 mA 25°C < Tj<105°C
— — 1.5 mA 105°C < Tj< 150°C
1.2.14 POC Characteristics
Table 1.16 POC Characteristics*"
Conditions: Tj refer to “Section 1.2.2, Operating Conditions”
Item Symbol Condition Min. Typ. Max. Unit
Detection threshold voltage Veoc — 24 2.55 2.7 \Y
Note 1.  POC monitors the SYSVCC supply voltage.
1.2.15 Primary Detection of Voltage Monitor (VMON) Characteristics
Table 1.17 VMON Characteristics
Conditions: Power supply voltages and Tj refer to “Section 1.2.2, Operating Conditions”
VSS = AOVSS = A1VSS = A2VSS = A3VSS = ADSVSS = ADSVREFL =0V
ltem Symbol Condition Min. Max. Unit
VDD primary high detection level VvbomH 1.35 1.45 Vv
VDD primary low detection level VvoomL Assisted by the Delay Monitor (DMON) 1.15 1.2 \Y
VCC primary high detection level Vvcemn 5.5 5.9 \%
VCC primary low detection level Vveeme 2.7 3.0 \Y
EOVCC primary high detection level VeveemH 5.5 5.9 \Y
EOVCC primary low detection level Veveeme 2.7 3.0 \%
VMON delay time tovmon — 10 us

RO1UHO0778EJ0130 Rev.1.30
Dec 26, 2019

RENESAS

Page 20 of 89



RH850/E2M Section 1 Electrical Characteristics

1.3 AC Characteristics

Unless otherwise described, the following timing conditions are applied.

Conditions: Power supply voltages and Tj refer to “Section 1.2.2, Operating Conditions”
VSS = AOVSS = A1VSS = A2VSS = A3VSS = ADSVSS = ADSVREFL = 0V

¢ In the port control register, conditions where all output pins of the module used for the same channel are set to the

same driving ability are applied to output pins whose driving ability is selectable. Unless otherwise specified, all

driving ability settings are included.

e Unless otherwise described, AC measurement conditions described in AC Measurement Conditions are applied.

Input reference level

High level: Vig minimum value; Low level: Vir maximum value
Output reference level

High level: 2.0 V; Low level: 0.8 V

Input rise time, fall time: 1 ns

LSI output pin DUT output

CL

}

Note 1. CL is a total value including the capacitance of the measuring equipment.
Each pin setting value, please refer to conditions of each table.

Note 2. lon =200 pA, loL = 1.6 mA

IOH

Figure 1.9 AC Measurement Conditions
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RH850/E2M

Section 1 Electrical Characteristics

1.3.1 Power On / Off Timing

Table 1.18 Power On / Off Timing

Item Symbol Condition Min. Typ. Max. Unit
Reset hold time at power-on tresH1 Power-up*’ 1.3 — — ms
Power hold time at reset assertion tewh Power-down*? 2 — — us
Operating mode setup time at power- | typs1 — tresH1 — — ms
on
Operating mode setup time at reset tvps2 — 1 — — ms
assert
Operating mode hold time at reset tmpH1 — 1 — — ms
negate
Operating mode hold time at power- | tupe — 0 — — us
off
TRST setup time at reset trrvDS — 2 — — us
TRST hold time at reset negate** tTRMDH — 30 — — ms
TRST hold time at power-on trrRsTH1 — 1.29 — — ms
Oscillator stabilization time tosc — — — 5.5 ms
PLL lock in time teLLL *3 — — 1 ms

Note 1. tresn1 is the reset time required for the supply of internal clock signals to become stable after all power supplies are turned on.

There are no restrictions on the rising order of each power supply.

Note 2.  tpwh is the time from assertion of the reset signal until any of the power voltages have dropped below the lower-limit voltages.

There are no restrictions on the falling order of each power supply.

Note 3.  tp is the time required for PLL to lock after MOSC oscillation has become stable.
Note 4.  Access by the Nexus, LPD and BSCAN during trrvon duration is prohibited. (both of High and low condition of TRST )

CAUTION

® The states of I/O pins are not reset during the noise cancellation interval of the reset signal following its assertion while

power is being turned off. During that time, do not allow any input of mid-range potential to the pin or contention of

output data.

e |f power is disconnected during programming or erasure of flash memory, the contents of the flash memory may be

destroyed.
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RH850/E2M Section 1 Electrical Characteristics
tRESH1 E E % : E
- ' VIH ! VIH
RES_IN i 7f AS\ viL
' tMDS1 : tMDH1 tMDS2 :
e > o % > le—p; MDH2
MDO,MD1 . N
! !
 tTRSTH1 'tTRMDS ! | tTRMDH _ 1 tTRMDS
< L] » € » (C H
TRST | | { . )
i ' i
SyYsvcc i~ SYSVCC min tPWH N svsvoc min
/i «— N\
%%
vee 7(' VCC min Pon X vee min
' « T BN
g «
EVCC 71, EVCC min {PWH xx EVCC min
; " \
f i VDD min
VDD 72 VDD min « PWH ;I§
£C
Other power Min. operating voltage ” PWH \_ Min. operating voltage
voltages E for each power supply <«——»\ for each power supply
: tosc tPLLL E
i < > «
MOSC : \
! 2
/ ”
PLL i :
1 1 ss
Note 1. The MDO and MD1 pins must not change when RES_IN is negated and asserted, in order not to change the
operation mode at RES_IN assert.
Figure 1.10 Power On / Off Timing
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RH850/E2M

Section 1 Electrical Characteristics

1.3.2

Standby Transition / Return Timing

Table 1.19 Power-Off Standby Timing
Item Symbol Condition Min. Max. Unit
Reset hold time at return from power-off standby tresH2 — trESH1 — ms
mode
"TRST hold time at return from power-off standby trrsTH2 — trrsTH1 — ms
mode
voltage at transition to power-off standby mode*" Vstdby1 — 2.6 — Y
SYSVCC voltage in power-off standby mode SYSVCCLow |— 2.7 5.5 \%
Power hold voltage for EVCC power supply VoltageMin — 27 — \Y

Note 1.

Both VCC and EVCC must be less than Vstdby1.

CAUTION

This is the voltage for transition to power-off standby mode. This value must be equal to or less than the min. Vstdby1 value.

For resetting while flash memory is being programmed or erased, follow the specifications in the RH850/E2x Flash
Memory User’s Manual: Hardware Interface.

Other power
voltages

RES_IN SR VIL
\ VIL

tRESH2

A

VIL;

tTRSTH2 tTRMDS

VIL;Z

Min. operating voltage
tPWH for each power sty)ply
/.

TRST ‘e
24
Iqa
sysvce SYSYCC min™ £ A’SYSVCC min
T SYSVCCLow
VSS o o e oo o o e e e o2
AtPWH
EVCC Volt Min| (EVCC min
olfageMin \_\ Vstdby1 N /
{PWH_
1 .
vCcC CC min \ -VCC min
N Vstdby1 ‘e /
tPWH VDD min / VDD min
VDD . /

/' Min. operating voltage for

each power supply

Figure 1.11

Power-Off Standby Timing
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RH850/E2M Section 1 Electrical Characteristics

1.3.3 Clock Timing
1.3.3.1 Main Oscillator Characteristics

Table 1.20 Main Oscillator Characteristics (1/3)

Item Symbol Condition Min. Typ. Max. Unit

MainOsc frequency*' | fuosc Crystal (20 MHz) — 20 — MHz

(OPBT setting)

MainOsc frequency*' | fuosc Crystal (40 MHz) 40 MHz

(OPBT setting)

MainOsc oscillation Vmoscop Crystal — 0.5 xVCC — \

operating point

MainOsc oscillation Vmoscawe | Crystal 0.295 x VCC — — \

amplitude

MainOsc oscillation tuste Crystal — — 5 ms

stabilization time

MainOsc oscillation tmoscamp | Crystal — — 200 us

amplifier reaction time

Internal Capacitor Ccapsel |CAP_SEL[3:0] =0000b |** 0 (4.9), 0 (6.0)*® x4 pF

size selectable by - 4 *3 x4

CAP_SEL setting 0001b 1(5.7), 1 (6.9) pF

(OPBT setting)*? =0010b |* 2(6.6), 2 (7.8)*3 *4 pF
=0011b |* 3(7.4),3(8.6)* *4 pF
=0100b |* 4(8.3),4(9.5)* *4 pF
=0101b |* 5(9.1), 5(10.3)*3 *4 pF
=0110b |* 6(10.0), 6 (11.2)*3 *4 pF
=0111b | * 7(10.9), 7 (12.1)* *4 pF
=1000b |* 8 (11.7), 8 (12.9)*3 *4 pF
=1001b |* 9(12.6), 9 (13.8)*3 *4 pF
=1010b |* 10 (13.4), 10 (14.6)*® | ** pF
=1011b |* 11 (14.3), 11 (15.5)*2 | *4 pF
=1100b |* 12 (15.1), 12 (16.3)*® | ** pF

Internal damping Rrdsel RD_SEL[2:0] = 000b 176 327 621 Q

resistor size =001b | 365 608 1064 Q

selectable by

RD_SEL setting =010b 512 853 1365 Q

(OPBT setting)™ =011b | 670 1116 1786 Q
=100b 804 1340 2010 Q
=101b 959 1599 2399 Q
=110b 1456 2426 3639 Q
=111b 1916 3194 4472 Q

RO1UH0778EJ0130 Rev.1.30 RENESAS Page 25 of 89

Dec 26, 2019



RH850/E2M Section 1 Electrical Characteristics

Table 1.20 Main Oscillator Characteristics (2/3)

ltem Symbol Condition Min. Typ. Max. Unit
Trans conductance gm (gds) | {SHTSTBY, =0000b |2.1(0.02) 5.9 (0.13) 10.3 (0.28) mS
z';: dir;‘t’ag:ép;;e Cg"g—zsit[\z/:?i} =0001b | 2.7 (0.03) 7.7 (0.17) 13.5 (0.36) ms
selectable by 36V =0010b |3.4 (0.03) 9.5 (0.20) 16.6 (0.44) mS
i:\"ﬂ;ﬁ;‘?{ :gging =0011b | 4.0 (0.04) 11.3 (0.24) 19.5 (0.52) mS
(OPBT setting)*2 =0100b |4.7 (0.05) 13.0 (0.28) 22.4 (0.59) mS
=0101b |5.9 (0.06) 16.3 (0.34) 27.9 (0.73) mS
=0110b |7.1(0.07) 19.5 (0.41) 33.0 (0.86) mS
=0111b |8.2(0.08) 22.5 (0.47) 37.8 (0.98) mS
=1000b | 4.0 (0.04) 11.3 (0.24) 19.6 (0.52) mS
=1001b |4.7 (0.05) 13.0 (0.27) 22.4 (0.59) mS
=1010b |5.3 (0.05) 14.7 (0.31) 25.2 (0.66) mS
=1011b  |5.9 (0.06) 16.3 (0.34) 27.9(0.73) mS
=1100b | 6.5 (0.06) 17.9 (0.37) 30.5 (0.80) mS
=1101b | 7.7 (0.07) 21.0 (0.44) 35.5 (0.92) mS
=1110b |8.8(0.08) 23.9 (0.50) 40.2 (1.04) mS
=1111b | 9.9 (0.10) 26.7 (0.56) 44.6 (1.15) mS
Trans conductance gm (gds) | {SHTSTBY, =0000b |3.4(0.13) 7.9 (0.30) 12.7 (0.55) mS
2';? digfagé’etp:i;e Cg"g—fj;%?i} =0001b | 4.4 (0.17) 10.3 (0.38) 16.4 (0.71) ms
selectable by 55V =0010b |5.4 (0.20) 12.5 (0.46) 19.9 (0.85) mS
mﬁ;ﬁ :gt‘:ing =0011b |6.3(0.23) 14.6 (0.54) 23.1(0.99) mS
(OPBT setting)*2 =0100b |7.2(0.27) 16.6 (0.61) 26.1 (1.12) mS
=0101b |8.9(0.33) 20.4 (0.75) 31.6 (1.35) mS
=0110b | 10.5(0.39) 23.8 (0.87) 36.5 (1.56) mS
=0111b | 11.9 (0.45) 26.9 (0.98) 40.9 (1.75) mS
=1000b |6.3 (0.24) 14.6 (0.54) 23.1 (0.99) mS
=1001b |7.2(0.27) 16.6 (0.61) 26.1 (1.12) mS
=1010b |8.1(0.30) 18.6 (0.68) 28.9 (1.24) mS
=1011b |8.9(0.33) 20.4 (0.75) 31.6 (1.35) mS
=1100b | 9.7 (0.36) 22.1(0.81) 34.1 (1.46) mS
=1101b | 11.2 (0.42) 25.4 (0.93) 38.7 (1.66) mS
=1110b | 12.6 (0.47) 28.3 (1.04) 42.9 (1.84) mS
=1111b | 13.9(0.52) 31.0 (1.14) 46.7 (2.00) mS
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RH850/E2M Section 1 Electrical Characteristics
Table 1.20 Main Oscillator Characteristics (3/3)
ltem Symbol Condition Min. Typ. Max. Unit
EXTAL clock input fex EXCLK mode 19.9 — 20 MHz
frequency (OPBT (20 MHz)
setting) EXCLK mode 39.8 _ 40 MHz
(40 MHz)
EXTAL clock input texcyc EXCLK mode — 50 — ns
cycle time fex = 20 MHz
EXCLK mode — 25 — ns
fEX =40 MHz
EXTAL clock Input text EXCLK mode 20 — — ns
low-level pulse width fex = 20 MHz
EXCLK mode 10 — — ns
fEX =40 MHz
EXTAL clock Input texn EXCLK mode 20 — — ns
high-level pulse width fex = 20 MHz
EXCLK mode 10 — — ns
fEX =40 MHz
EXTAL clock rise time | texr EXCLK mode — — 4 ns
fEX =20 MHz
EXCLK mode — — 25 ns
fEX =40 MHz
EXTAL clock fall time | texe EXCLK mode — — 4 ns
fEX =20 MHz
EXCLK mode — — 25 ns
fEX =40 MHz

Note 1.
Note 2.
Note 3.
Note 4.

CAUTION

The capacitor tolerance is £15%.

The following two crystal resonator frequencies are supported: 20 MHz and 40 MHz.
Please refer to Section 15.4.3, Main OSC Configuration and Stabilization Sequence.
The Ccapsel value is “Cxs (with parasitic capacitance to ground), Cx. (with parasitic capacitance to ground)”.

The oscillation stabilization time differs according the matching with the external resonator circuit. It is recommended to
determine the oscillation stabilization time by an oscillator matching test. For recommended crystal resonators, please

contact our sales representative.

EXTAL

XTAL

[

Figure 1.12

Oscillator Circuit Diagram (Crystal without External Components)
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| EXTAL XTAL |

_|
_|

Figure 1.13 Oscillator Circuit Diagram (Crystal with External Components)

RESIN tmoscame
MOSCS.MOSCSTAB
Waiting for stabilization j L—
State of MainOSC Disable Unstable \ Stable | Disable
tusTe /
XTAL Hi-Z _ HZ ____ Vmoscor
: Vmoscamp
Stop
Figure 1.14 Main OSC Stabilization
1.3.3.2 Oscillation Frequency Accuracy of the Internal Oscillator
Table 1.21 Oscillation Frequency Accuracy of Internal Oscillator
Item Symbol Min. Typ. Max. Unit
Internal oscillation frequency fiosc 95 100 105 MHz

1.3.3.3 Oscillation Frequency Accuracy of the High-voltage Internal Oscillator

Table 1.22 Oscillation Frequency Accuracy of High-voltage Internal Oscillator

ltem Symbol Min. Typ. Max. Unit

High-voltage Internal Oscillator frequency frviosc 8 16 24 MHz
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1.3.34 External Clock Output Timing

Table 1.23 Clock QOutput Timing

Conditions: CL = 30 pF, Drive strength = 3, EOVCC =5.0+ 0.5V

ltem Symbol Min. Typ. Max. Unit Reference
External Clock output frequency fop 0.4975 0.5 4 MHz Figure 1.15
External Clock output low-level pulse width teL 105 — — ns
External Clock output high-level pulse width ten 105 — — ns
External Clock output rise time ter — — 15 ns
External Clock output fall time ter — — 15 ns
5 tEXcyc o
tEXL R
EXTAL VIH
1/2VCC 1/2VCC
VIL
tEXR
tEXcyc = 1/fEX
L tCYC o
L. tCL N
CK VOH
1/2 EVCC 1/2EVCC
VOL VOL
tCYC = 1/ fop tCR
Figure 1.15 EXTAL and External Clock Output Timing
1.3.3.5 PLL Characteristics
Table 1.24 PLL Characteristics
Item Symbol Condition Min. Typ. Max. Unit
PLL output long term jitter TIYj Term=1us -500 — 500 ps
Term=10us -1 — 1 ns
Term=20us -2 — 2 ns
Table 1.25 RHSIF PLL Characteristics
ltem Symbol Condition Min. Typ. Max. Unit
PLL lock time tRHPLLLCT — — 50 MS
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1.34 Output Slew Rate
IOVCC means the pin assigned to the power supply (EnVCC, VCC and SYSVCC)

Table 1.26 Drive Strength 1

ltem Symbol Condition Min. Typ. Max. Unit
Output rise time / fall time slew rate tr, e CL = 30pF, 20% to 80% — 12.0 27.0 ns
IOVCC =3.0Vto 3.6V
CL = 50pF, 20% to 80% — 20.0 45.0 ns
IOVCC =3.0Vt0 3.6 V
CL = 100pF, 20% to 80% |— 40.0 90.0 ns
IOVCC =3.0Vt0 3.6 V
CL = 30pF, 20% to 80% — 9.0 20.3 ns
IOVCC =4.5Vt0 55V
CL = 50pF, 20% to 80% — 15.0 33.8 ns
IOVCC =4.5Vt05.5V
CL = 100pF, 20% to 80% |— 30.0 67.5 ns
IOVCC =4.5Vt055V

Table 1.27 Drive Strength 2

Item Symbol Condition Min. Typ. Max. Unit
Output rise time / fall time slew rate tr, te CL = 30pF, 20% to 80% — 6.0 13.5 ns
IOVCC =3.0Vto 3.6 V
CL = 50pF, 20% to 80% — 10.0 225 ns
IOVCC =3.0Vto 3.6 V
CL = 100pF, 20% to 80% |— 20.0 45.0 ns
IOVCC =3.0Vto 3.6 V
CL = 30pF, 20% to 80% — 4.6 10.3 ns
IOVCC =4.5Vto 5.5V
CL = 50pF, 20% to 80% — 7.5 16.9 ns
IOVCC =4.5Vto 5.5V
CL = 100pF, 20% to 80% | — 14.8 33.3 ns
IOVCC =4.5Vto 5.5V

Table 1.28 Drive Strength 3

ltem Symbol Condition Min. Typ. Max. Unit
Output rise time / fall time slew rate tr, te CL = 30pF, 20% to 80% — 2.7 7.1 ns
IOVCC =3.0Vto 3.6 V
CL = 50pF, 20% to 80% — 4.4 114 ns
IOVCC =3.0Vto 3.6 V
CL = 100pF, 20% to 80% |— 8.5 22.2 ns
IOVCC =3.0Vto 3.6 V
CL = 30pF, 20% to 80% — 2.0 5.3 ns
IOVCC =4.5Vto 5.5V
CL = 50pF, 20% to 80% — 3.3 8.5 ns
IOVCC =4.5Vto 5.5V
CL = 100pF, 20% to 80% |— 6.4 16.6 ns
IOVCC =4.5Vto 5.5V
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Table 1.29 Drive Strength 4 and ERROROUT_M pin

ltem Symbol Condition Min. Typ. Max. Unit
Output rise time / fall time slew rate [ CL = 30pF, 20% to 80% — 1.9 4.9 ns
IOVCC =3.0Vt0 3.6 V
CL = 50pF, 20% to 80% — 3.0 7.8 ns
IOVCC =3.0Vto 3.6 V
CL = 100pF, 20% to 80% |— 5.7 14.8 ns
IOVCC =3.0Vt0 3.6 V
CL = 30pF, 20% to 80% — 1.5 4.4 ns
IOVCC =4.5Vt0 55V
CL = 50pF, 20% to 80% — 2.4 7.0 ns
IOVCC =4.5Vt05.5V
CL = 100pF, 20% to 80% |— 4.7 13.5 ns
IOVCC =4.5Vt055V
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1.3.5 Control Signal Timing

Table 1.30 Control Signals

Item Symbol | Condition Min. Typ. Max. Unit | Reference
Reset pulse width tresw 1 500 — — us | Figure 1.16
Reset noise cancel width tresnCw 0.2 0.4 1.2 us
Noise cancel width tnew 0.2 0.4 1.2 us
(MD1, MDO, TRST , NMI)
IRQ pulse width*? tira 50 — — ns
RES_OUT width at the time of System | troe w/o BIST and RAM | 580*3 — 1200*3*4 s
Reset 1 (External Reset or Standby initialization
Reset) w/ BIST — — 222+ ms | Table 1.31
w/ RAM initialization | — — 1.7* ms | Table 1.32
w/ BIST and RAM | — — 22.7* ms | Table 1.31
initialization Table 1.32
RES_OUT width at the time of System | trov w/o BIST and RAM | 130** — 700*3+ us
Reset 1 (VMON Reset) initialization
w/ BIST — — 21.7*% ms | Table 1.31
w/ RAM initialization | — — 1.2*5 ms | Table 1.32
w/ BIST and RAM | — — 22.2*° ms | Table 1.31
initialization Table 1.32
RES_OUT width at the time of System | tros2 w/o BIST and RAM | 130*3 — 200* us
Reset 2 initialization
w/ BIST — — 21.2 ms | Table 1.31
w/ RAM initialization | — — 0.7 ms | Table 1.32
w/ BIST and RAM | — — 21.7 ms | Table 1.31
initialization Table 1.32
RES_OUT width at the time of troa w/o RAM 100 — 130 us
Application Reset initialization
w/ RAM initialization | — — 0.7 ms | Table 1.32

Note 1.  tresw is the minimum time to complete the external reset state. If a reset is input that is shorter than this time, the external
reset state will continue even after reset negation. This microcontroller is completely reset after completion of the external
reset state. Reset is accepted with reset input more than the maximum of tRESNCW. If the reset pulse width is less than the
minimum value of the reset noise cancel width, the reset cannot be accepted.

Note 2. Itis a value when noise removal by the DNF is disabled.

Note 3. Itis a value when the BIST and RAM initialization are not executed. For details of the BIST execution, see Section 38.6.4,
Operation. Also, for details of the RAM initialization, see Section 10.3.6, RAM Initialization.

Note 4. The reset pulse low width is the minimum tgesw value.

Note 5. It will depend on the power supply detection width.

Table 1.31 BIST Execution Time

BIST Min. Typ. Max. Unit

BIST scenario 1 — — 5.25 ms

BIST scenario 2 — — 10.50 ms

BIST scenario 3 — — 15.75 ms

BIST scenario 4 — — 21.00 ms
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Table 1.32 RAM Initialization Execution Time

Exection Time Min. Typ. Max. Unit
RAM Initialization Exection Time — — 475 us
< tRESW >
T\ %
RES_IN K VIL VIL 7/
tRESNCW _ |« > » tRESNCW »
Pin reset signal after
passing through the noise canceller Nt
Internal circuit reset signal ‘e « /
7 224
Chip state ( Operating ( External reset exatution IRA“Q;EZ:“O"K Internal reset Operating )
_ tROE |
RES_OUT
95 95
Note: For BIST execution time, See Section 38.6, BIST.
Figure 1.16 System Reset 1 Timing (External Reset)
£C
VMON detection \ /
Internal circuit reset signal
£C rea
24
Chip state ( Operating Internal reset exiﬂon KRA'\QZ%Z?“""X Internal reset Operating )
< tROV
RES_OUT /
%5 45
Note: For BIST execution time, See Section 38.6, BIST.
Figure 1.17 System Reset 1 Timing (VMON Reset)
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Reset trigger ﬂ
L
) 7

4

Internal circuit reset signal

(
7

cripstate (__ Oeratng ) imematreset | 2o, < nmnea | ntoralreset J| Operatng )

< {ROS2

RES_OUT

E4

Note: For BIST execution time, See Section 38.6, BIST.

Figure 1.18 System Reset 2 Timing

Reset trigger |_
L
27
Internal circuit reset signal /

Chip state ( Operating Internal reset

( Operating )
<« tROA S
N . ”
RES_OUT
9—
Figure 1.19 Application Reset Timing
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1.3.6 CSIH Timing

Table 1.33 CSIH Timing in 5V Master Mode

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC = E2VCC =5.0£ 0.5V

ltem Symbol Condition Min. Max. Unit | Reference
CSIHNTSCK cycle tkeym 100 — ns Figure 1.20
CSIHNTSCK high-level width tkwhm (tkevm/2) =12 | — ns
CSIHNTSCK low-level width tkwim (tkeym/2) =12 | — ns
CSIHNTSI setup time (for CSIHNTSCK) tssim 20 — ns
CSIHNTSI hold time (for CSIHNTSCK) thsim 10 — ns
CSIHNTSO output delay time (for CSIHNTSCK) tosom — 16 ns
CSIHNTSO output hold time (for CSIHNTSCK) thsom tkwrm / 2 — ns
CSIHNTRY setup time (for CSIHNTSCK) tsryi HSE =1 (2 x tpack) +30 | — ns Figure 1.21
CSIHNTRY high level width (for CSIHNTSCK) twryi (2xteack) +5 | — ns
CSIHNTCSSx inactive level width twscss *1 (CSidle + 0.5) |— ns Figure 1.22
X tkcym — 20
Other than above | CSidle X tkcym | — ns
-20
CSIHNTCSSx setup time (for CSIHNTSCK) tsscseo DAP =0 CSsetup x — ns
tkeym — 16
tsscspt DAP =1 (CSsetup + — ns
0.5) % tkcym —
16
CSIHNTCSSx hold time (for CSIHNTSCK) tHscsgo SIT=0 CShold X tkeym | — ns Figure 1.23
-10
tHscset SIT=1 (CShold + 0.5) | — ns

X txeym — 10

Note: tpac is the operating clock cycle of CSIH (CLK_HSB).
n=0to5x=0to5(n=0),x=0to3(n=1,2,3,4,5)
e CSsetup: CSIHNCFGx.CSIHNSPx3-0 set value
o CShold: CSIHNCFGx.CSIHNHDx3-0 set value
o CSidle: CSIHNCFGx.CSIHNIDx2-0 set value
o DAP: CSIHNCFGx.CSIHNnDAPX bit
e SIT: CSIHNCTL1.CSIHNSIT bit
Note 1. When the serial clock level is changed during communication and when the idle time is set to 0.5 transmission clock periods.

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xlsx”.
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Table 1.34 CSIH Timing in 3.3V Master Mode

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, E1VCC = E2VCC=3.3+ 0.3V

Item Symbol Condition Min. Max. Unit | Reference
CSIHNTSCK cycle tkeym 125 — ns Figure 1.20
CSIHNTSCK high-level width tkwrm (tkevm/2) =12 | — ns
CSIHNTSCK low-level width tkwim (tKCYM / 2) -12 | — ns
CSIHNTSI setup time (for CSIHNTSCK) tssim 25 — ns
CSIHNTSI hold time (for CSIHNTSCK) thsiv 15 — ns
CSIHNTSO output delay time (for CSIHNTSCK) tosom — 17 ns
CSIHNTSO output hold time (for CSIHNTSCK) tHsom tkwrm / 2 — ns
CSIHNTRY setup time (for CSIHNTSCK) tsryi HSE =1 (2 x tpack) +30 | — ns Figure 1.21
CSIHNTRY high level width (for CSIHNTSCK) twryi (2%xtpak)+5 |— ns
CSIHNTCSSx inactive level width twscss *1 (CSidle + 0.5) | — ns Figure 1.22
X tkeym = 20
Other than above | CSidle x tkeym | — ns
-20
CSIHNTCSSx setup time (for CSIHNTSCK) tsscseo DAP =0 CSsetup x — ns
tkeym = 17
tsscspt DAP =1 (CSsetup + — ns
05) X thyM -
17
CSIHNTCSSx hold time (for CSIHNTSCK) thscsso SIT=0 CShold x tkcym | — ns Figure 1.23
-10
thscssn SIT=1 (CShold +0.5) | — ns
X teym = 10

Note: tpax is the operating clock cycle of CSIH (CLK_HSB).
n=0to5 x=0to5(n=0),x=0t03(n=1,2,3,4,5)
e CSsetup: CSIHNCFGx.CSIHNSPx3-0 set value
o CShold: CSIHNCFGx.CSIHNHDx3-0 set value
e CSidle: CSIHNCFGx.CSIHNIDx set value
e DAP: CSIHNCFGx.CSIHNDAPX bit
e SIT: CSIHNCTL1.CSIHNSIT bit
Note 1. When the serial clock level is changed during communication and when the idle time is set to 0.5 transmission clock periods.

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.
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CSIHNCFGx: CSIHNCKPx / CSIHNDAPx=0/0or 1/ 1
tkeym R
- tKWLM - : tKWHM .
/
CSIHNTSCK Z
‘tDSOM‘ ‘ tHSOM |
/ \
CSIHnTSO
N\ /
tsom | | thsm
/ \
cSHnTSI < ; _________________________
\ /I
CSIHNCFGx: CSIHNCKPx / CSIHNDAPx=1/00r0/1
tkeym R
< tKWHM - < tKWLM -
/4 \_ V
CSIHNTSCK X /
/ \ /
‘tDSOM‘ ‘ tHSOM |
CSIHnTSO / )
N\ /
tssim | | thsm
CSIHNTS!I {l X;
\ /T
Figure 1.20 CSIH Timing (Master Mode)
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CSIHNCFGx.CSIHNCKPx = 0

_ tsrvi -

CSIHNTSCK

twryl
CSIHNnTRY _l
CSIHNCFGx.CSIHNCKPx =1

P tsryi -

CSIHNTSCK /
B twryi R
/

CSIHNnTRY /

Figure 1.21 CSIH Timing (Master Mode)
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CSIHNCFGx.CSIHNCKPx = 0, CSIHNCFGx.CSIHNDAPx =0

twscss

CSIHNTCSSx 7 K

CSIHNCFGx.CSIHNCKPx = 0, CSIHNCFGx.CSIHNDAPx = 0

Ny A
[

CSIHNTSCK
tsscseo N

A
A

CSIHNTCSSx

CSIHNTSO

[ ]

CSIHNCFGx.CSIHNCKPx = 0, CSIHhCFGx.CSIHNDAPx =1

tsscsat \

CS seTup * tkeym 0.5 x tkcym S

A
A 4

CSIHNTSCK

A
\ 4
4

A A

CSIHNTCSSx

CSIHNTSO

Figure 1.22 CSIH Timing (Master Mode)
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CSIHNCTL1.CSIHNSIT = 0, CSIHNCFGx.CSIHNCKPx = 0, CSIHnCFGx.CSIHNnDAPx = 0

CSIHNTSCK

tHSCSBO

CSIHNTCSSx /

CSIHNCTL1.CSIHNSIT = 1, CSIHNCFGx.CSIHNCKPx = 0, CSIHnCFGx.CSIHNDAPx = 0

A

\ 4

thscsa1

/

A 4

CSIHNTSCK

0.5 % tkeym |, CS hop X tkeym

CSIHNTCSSx /

Figure 1.23 CSIH Timing (Master Mode)
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Table 1.35 CSIH Timing in 5V Slave Mode

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0+0.5V

Item Symbol Condition Min. Max. Unit Reference
CSIHNTSCK cycle tkevs — 250 — ns Figure 1.24
CSIHNTSCK high-level width tkwhs — (tkevs /2) =30 | — ns

CSIHNTSCK low-level width tiwis — (tkevs /2) =30 | — ns

CSIHNTSI setup time (for CSIHNTSCK) tssis — 15 — ns

CSIHNTSI hold time (for CSIHNTSCK) tusis — teack + 15 — ns

CSIHNTSO output delay time (for CSIHNTSCK) tosos — — 33 ns

CSIHNTSO output hold time (for CSIHNTSCK) thsos — tkwHs — ns

CSIHNTRY output delay time tsrvo — — 30 ns Figure 1.25
CSIHNTSO slave output release time treL — — 8 X tpack ns

CSIHNTSSI setup time (for CSIHNTSCK) tsssis — 0.5 % tkevs — ns Figure 1.26
CSIHNTSSI hold time (for CSIHNTSCK) thssis — tpack + 30 — ns

Note: tpax is the operating clock cycle of CSIH (CLK_HSB).

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.
Table 1.36 CSIH Timing in 3.3V Slave Mode

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, E1VCC = E2VCC=3.3+ 0.3V

Item Symbol Condition Min. Max. Unit Reference
CSIHNTSCK cycle tkevs — 250 — ns Figure 1.24
CSIHNTSCK high-level width tkwhs — (tkevs /2) =30 | — ns

CSIHNTSCK low-level width tiwis — (tkevs /2) =30 | — ns

CSIHNTSI setup time (for CSIHNTSCK) tssis — 15 — ns

CSIHNTSI hold time (for CSIHNTSCK) tusis — teack + 15 — ns

CSIHNTSO output delay time (for CSIHNTSCK) tosos — — 36 ns

CSIHNTSO output hold time (for CSIHNTSCK) thsos — tkwHs — ns

CSIHNTRY output delay time tsrvo — — 30 ns Figure 1.25
CSIHNTSO slave output release time treL — — 8 X tpack ns

CSIHNTSSI setup time (for CSIHNTSCK) tsssis — 0.5 % tkevs — ns Figure 1.26
CSIHNTSSI hold time (for CSIHNTSCK) trssis — tpack + 30 — ns

Note:
NOTE

tpack is the operating clock cycle of CSIH (CLK_HSB).

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file

“Limited_conditions_for_AC_specification.xIsx”.
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CSIHNCFGx: CSIHNCKPx / CSIHNDAPx=0/0o0r1/1
tkevs

tKWLS tKWHS

CSIHNTSCK 5 _Z

tDSOS tHSOS

CSIHNTSO

tssis thsis

CSHNTS| o { )

CSIHNCFGx: CSIHNCKPx / CSIHNDAPx=1/00r0/1

tkevs
tKWHS tKWLS
Y \
CSIHNTSCK X
tbsos thsos
CSIHNTSO
tssis tusis
CSIHNTSI {
Figure 1.24 CSIH Timing (Slave Mode)
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CSIHNCFGx : CSIHNCKPx / CSIHNDAPx=0/0or 1/1

CSIHnTSCK

tsryo

CSIHNTRY \

CSIHNCFGx : CSIHNCKPx / CSIHnDAPx=1/00r0/ 1

CSIHNTSCK /
tsrvo
CSIHNTRY \

CSIHNCTL1.CSIHNSSE =1

A
A

CSIHNTSSI
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CSIHNTSO
Figure 1.25 CSIH Timing (Slave Mode)
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CSIHNCTL1.CSIHNSSE = 1, CSIHNCFGx.CSIHNCKPx/CSIHNDAPx=0/0o0or1/1
/ é
CSIHNTSCK /
tSSSIS
tHSSIS
CSIHNTSSI
Hi-Z
CSIHNTSO
CSIHNCTL1.CSIHNSSE =1, CSIHNCFGx.CSIHNCKPx/CSIHNDAPx=0/10r1/0
/
CSIHNTSCK
/ \
tSSSIS tHSSIS
CSIHNTSSI _\r
Hi-Z
CSIHNTSO
Figure 1.26 CSIH Timing (Slave Mode)
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1.3.7 SCI/FLSCI Timing

Table 1.37 SCI3 Timing (Master Mode)

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0£ 0.5V

ltem Symbol Condition Min. Max. Unit | Reference

Output clock cycle tseye Asynchronous 16 % tpek — ns Figure 1.27
Clock synchronous 8 X tpek — ns

Output clock pulse width tsckw 0.4 X tseye 0.6 X tseyc ns

Transmit data delay time trxo -40 40 ns Figure 1.28

Receive data setup time trxs Clock synchronous 2 X tpge — ns

Receive data hold time trxH Clock synchronous 2 X tpek — ns

Note: tpc is the operating clock cycle of SCI (CLK_LSB).
NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xlsx”.

tSCKW

SCInSCK

tScyc

Figure 1.27 SCI Clock Input / Output Timing
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In master mode

tT.

soimo Y Y% X e

tRXS > tRXH

v

In slave mode

tTXD

I X X X

tRXS d tRXH

Figure 1.28 SCI Input / Output Timing in Clock Synchronous Mode
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Table 1.38 SCI3 Timing (Slave Mode)
Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0+0.5V

Item Symbol Min. Max. Unit Reference
Input clock cycle tseye 8 X tpek — ns Figure 1.27
Input clock pulse width tsckw 0.4 X tseye 0.6 X tseyc ns

Input clock rise time tsckr — 20 ns

Input clock fall time tsckr — 20 ns

Transmit data delay time trxo 2 X tpek 50 + 3 x tpg*’ ns Figure 1.28
Receive data setup time trxs 2 % tpe — ns

Receive data hold time trxH 2 X tpgc — ns
Note: e tp is the operating clock cycle of SCI3 (CLK_LSB).

e Asynchronous clock input mode is not supported.

Note 1.  For data O (1st bit) in discontinuous transfer

NOTE
This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xlsx”.

1.3.8 FlexRay Timing
Table 1.39 FlexRay Timing

Conditions: CL = 15 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0+ 0.5V

Item Symbol Min. Max. Unit Reference
Transfer rate — — 10 Mbps

FRTxD transmit data rise time torxr — 25 ns Figure 1.29
FRTxD transmit data fall time torxe — 25 ns

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.

«— tCTXr tCTXf «—
FRnTXDA 70% 70%
FRnTXDB 30% 30%
Figure 1.29 FlexRay Timing
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1.3.9 RS-CANFD Timing

Table 1.40 RS-CANFD Timing
Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC = E2VCC =5.0£ 0.5V

ltem Symbol Min. Max. Unit Reference
Transmit rate — — 8 Mbps Figure 1.30
Internal delay time tnope — 50 ns
Internal transmit delay
time (tOUTPUT) CTXn pin
»0) >
»O >
CAN controller ;
) OS)RXn pin
Internal receive delay
time (tINPUT)

Figure 1.30 Definition of RS-CANFD Internal delay time (tnope) = toutput + tinpuT

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.
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1.3.10 RHSB Timing
Table 1.41 RHSB Timing in 3.3 V LVDS Mode, Up to 40 Mbps

Conditions: EOVCC =5.0+0.5V,E2VCC =33V 0.3V,

E1VCC =3.3V £ 0.3 V(When P11_8 or P11_10 is used in HLQFP package.)

Drive strength = 4

ltem Symbol Condition Min. Max. Unit Reference
RHSBNFCL clock cycle trcLeye CL = 25 pF, 25 — ns Figure 1.31
CL =50 pF
RHSBnFCL high-level period trcLwH CL=25 pF, 0.45 x tFCLcyc 0.55 x tFCLcyc ns
CL =50 pF
RHSBNFCL low-level period trcLwe CL=25 pF, 0.45 x tFCLcyc 0.55 x tFCLcyc ns
CL =50 pF
RHSBnSO / RHSBnCSDx output | tsop CL =25 pF -5.9 5.9 ns
delay time CL = 50 pF 7.8 7.8 ns
RHSBnNSI rise time tsir 10 to 90% — 0.5 X trcLeye ns
RHSBnSI fall time tsir 10 to 90% — 0.5 X trcLeye ns
RHSBNSI 1-bit Iength tsiw 8 x tFCLcyc - ns
NOTE
This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.
Table 1.42 RHSB Timing in 5 V LVDS Mode, Up to 80 Mbps
Conditions: EOVCC=5.0+0.5V,
E1VCC =5.0+ 0.5V (When P11_8 or P11_10 is used in HLQFP package.)
Drive strength = 4
Item Symbol Condition Min. Max. Unit Reference
RHSBNFCL clock cycle trcLeye CL =5 pF, 12,5 — ns Figure 1.31
CL = 25 pF,
CL =50 pF
RHSBnFCL high-IeveI period trcLwhH CL=5 pF, 0.45 x tFCLcyc 0.55 x tFCLcyc ns
CL = 25 pF,
CL =50 pF
RHSBNFCL low-level period treLwe CL =5 pF, 0.45 x trereye 0.55 x trcieye ns
CL = 25 pF,
CL =50 pF
RHSBnSO / RHSBNnCSDx output | tsop CL=5pF -3.6 3.6 ns
delay time CL=25pF  |-44 44 ns
CL =50 pF -5.8 5.8 ns
RHSBnNSI rise time tsir 10 to 90% — 0.5 X trcLeye ns
RHSBnSI fall time tsit 10 to 90% — 0.5 X trcLeye ns
RHSBNSI 1-bit Iength tsw 8 x tFCLcyc - ns

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.
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Table 1.43 RHSB Timing in Single-ended Mode, Up to 20 Mbps

Conditions: (EOVCC =5.0£0.5V,E2VCC=33V+0.3V)orEOVCC=5.0+05V
Drive strength = 4, CL = 20 pF

Item Symbol Condition Min. Max. Unit Reference
RHSBNFCL clock cycle trcLoye 50 — ns Figure 1.31
RHSBnFCL high-level period trcLwH 0.45 x trereye 0.55 x trcieye ns

RHSBNFCL low-level period treLwe 0.45 x trcioye 0.55 X trcioye ns

RHSBNFCL rise time trowr 10 to 90% — 0.15 x trereye ns

RHSBNFCL fall time troLr 10 to 90% — 0.15 X trcieye ns

RHSBnSO / RHSBnCSDx output | tsop =0.25 X trcieye 0.25 X trcleye ns

delay time

RHSBNSI rise time tsir 10 to 90% — 0.5 X trcLeye ns

RHSBNSI fall time tsit 10 to 90% — 0.5 X trcLeye ns

RHSBNSI 1-bit length taw 8 X trcioye — ns

NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.

tFCLcyc -
————— — 90%
““trcwH . N tFCLWL 7
RSHBHFCL ______ 10%
tFCLr <« tFCLf
tSOD
RHSBNSO
RHSBNCSDx
| tSIW |
RHSBnSI
tSIf tSir
Figure 1.31 RHSB Timing
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1.3.11 Ethernet Timing

Table 1.44 Ethernet Timing for Ml

Conditions: CL = 15 pF, Drive strength = 4, Buffer type TTL, E1VCC = E2VCC =3.3+ 0.3V

ltem Symbol Condition Min. Max. Unit Reference
MII_TX_CLK width tvre 40 - 100 ppm 40 + 100 ppm ns Figure 1.32
MII_TX_CLK high width turen * 14 26 ns Figure 1.33
MII_TX_CLK low width tmreL * 14 26 ns

MII_TXD[3:0] delay time turxo 0 25 ns

MII_TX_EN delay time tvrxe 0 25 ns

MII_RX_CLK width tmre 40 - 100 ppm 40 + 100 ppm ns

MII_RX_CLK high width tmreH * 14 26 ns

MII_RX_CLK low width tmreL *1 14 26 ns

MII_RXD[3:0] setup time tvrxps 10 — ns

MII_RXD[3:0] hold time tmrxoH 10 — ns

MII_RX_DV, MII_RX_ER tvroES 10 — ns

setup time

MII_RX_DV, MII_RX_ER tvroEH 10 — ns

hold time

WOL delay time twoL 1 30 ns Figure 1.34

Note 1. The duty cycle of TXCLK and RXCLK shall be between 35% to 65%. (IEEE802.3)

tMTC

MII_TX_CLK

MII_TXD[3:0]

tMTXE tMTXE

MIL_TX_EN

Figure 1.32 Ethernet Timing — MII Transmitter
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tMRC g

tMRCH tMRCL

MIl_RX_CLK Z

- 7

MRXDS tMRXDH

MIl_RXD[3:0] 4
MII_RX_ER, <
MII_RX_DV tMRDES tMRDEH

Figure 1.33 Ethernet Timing — MIl Receiver

A

MII_RX_CLK 2w

tWOL
WOL
Figure 1.34 WOL Timing — Ml
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Table 1.45 Ethernet Timing for RMII
Conditions: CL = 15 pF, Drive strength = 4, Buffer type TTL, E1VCC = E2VCC =3.3+0.3V

Item Symbol Condition Min. Max. Unit Reference
REF50CK width trmc 20 - 50 ppm 20 + 50 ppm ns Figure 1.35
REF50CK high width trmcH *1 7 13 ns Figure 1.36
REF50CK low width trmcL *1 7 13 ns

RMII_RXD[1:0], RMII_CRS_DV, | trus 4 — ns

and RMII_RX_ER setup time

RMII_RXD[1:0], RMII_CRS_DV, | trun 6 — ns

and RMII_RX_ER hold time

RMII_TXD[1:0], and RMII_TX_EN | trmp 2 16 ns

delay time

WOL delay time twoL 1 30 ns Figure 1.37

Note 1. The duty cycle of REF50CK shall be between 35% to 65%. (RMII™ specification)

tRMC

REF50CK /

RMII_TXD[1:0]
RMI_TX_EN

Figure 1.35 Ethernet Timing — RMII Transmitter
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tRMC |
tRMCH tRMCL
REF50CK
—

RMS | tRMH R
RMII_RXD[1:0] X ><
RMII_RX_ER, > [« 1l
RMII_CRS_DV tRMS tRMH

Figure 1.36 Ethernet Timing — RMII Receiver

REF50CK / w

tWOL
WOL
Figure 1.37 WOL Timing — RMII
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1.3.12 Debug Interface Mode Timing

Table 1.46 Debug Interface Mode Timing

Conditions: CL = 30 pF

ltem Symbol Min. Max. Unit Reference
TCK (JPO_2) input timing before TRST toeaiFswek 10 X tippckw | — ns Figure 1.38
10 * trekw
TDI (JPO_0) setup time tosaiFsws 10 x tippckw ns
10 % trekw
TDI (JPO_0) hold time tosaiFswH 2 MsS
tDBGIFSWCK

y
TRST 7
o e Wala
(JP0_2)
tDBGIFSWS| tDBGIFSWH

o I ) X

Figure 1.38 Debug Interface Mode Timing
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1.3.13 JTAG/ Nexus Timing
Table 1.47 JTAG / Nexus Timing
Conditions: CL = 30 pF
ltem Symbol Condition | Min. Max. Unit Reference
TCK cycle time trekw 25 — ns Figure 1.39
TCK high-level width trekwH 10 — ns
TCK low-level width trokwL 10 — ns
TMS / TDI setup time (until TCK 1) trisu 6 — ns
TMS / TDI hold time (until TCK 1) trin — ns
TDO output delay time (until TCK |) trooo — 14 ns
DRDY output delay time (until TCK |) trovp — 14 ns
TRST low-level width trrsTWL 1200 — ns
TCK/ TRST / TMS / TDI input rise time trr — ns
TCK/ TRST / TMS / TDI input fall time trir — ns
o tTCKW R
h tTIR
tTCKWH tTCKWL |
< > tTIF
TCK L
N
< » tTDOD
-
X X
-
< » tRDYD
-
DRDY >§
—
tTISU tTIH
TDI,
TMS
tTRSTWL
TRST
Figure 1.39 JTAG / Nexus Timing
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Table 1.48 Boundary-Scan Timing
Conditions: CL = 30 pF
Item Symbol Condition | Min. Max. Unit Reference
TCK cycle time tesTckw 100 — ns Figure 1.40
TCK hlgh-level width tBSTCKWH 0.4 0.6 tBSTCKW
TCK low-level width tesTCkwL 0.4 0.6 tesTekw
TMS / TDI setup time (until TCK 1) tesTisu 30 — ns
TMS / TDI hold time (until TCK 1) tesTin 30 — ns
TDO output delay time (until TCK |) tesToop — 35 ns
TRST low-level width tesTRsTWL 1200 — ns
L tBSTCKW R
tBSTCKWH _ IBSTCKWL |
TCK
N
tBSTDOD
TDO ><
tBSTISU_|  tBSTIH
TDI,
TMS
tBSTRSTWL
TRST
Figure 1.40 Boundary-Scan Timing
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1.3.14 LPD (4-pin) Interface Timing

Table 1.49 LPD (4-pin) Interface Timing

Conditions: CL = 30 pF

ltem Symbol Condition Min. Max. Unit Reference
LPDCLK cycle time tLpDCKW 25 — ns Figure 1.41
LPDCLK high-level width tLppckwH 4.5 — ns
LPDCLK low-level width tLppeKwL 4.5 — ns
LPDCLK input rise time tLppckr — 8 ns
LPDCLK input fall time tipockr - 8 ns
LPDI setup time (until LPDCLK 1) tLrosu 3 — ns
LPDI hold time (until LPDCLK 1) tLpoH 3 — ns
LPDCLKO cycle time tLppckow 25 — ns
LPDCLKO high-level width tLepckowH tieockwh — | — ns
2
LPDCLKO low-level width tLppCKOWL tieockwL = | — ns
2
LPDCLKO rise time tLppckor — 8 ns
LPDCLKO fall time tippckor — 8 ns
LPDO output delay (until LPDCLKO 1) tLeoon 0 14 ns
| tLPDCKW

tLPDCKWH tLPDCKWL

tLPDCKR tLPDCKF

LPDCLK
tLPDSU « tLPDH
N
LPDI >
L tLPDCKOW .
tLPDCKOWH  tLPDCKOWL

»+» tLPDCKOR tLPDCKOF

LPDCLKO

tLPDOD

LPDO ><

Figure 1.41 LPD (4-pin) Interface Timing
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1.3.15 RLIN3 Timing

Table 1.50 RLIN3 Timing

Conditions: CL = 50 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC = E2VCC =5.0£ 0.5V

ltem Symbol Condition Min. Max. Unit Reference
RLIN3 transfer rate — LIN mode — 20 kbps

— UART mode — 6.6 Mbps
NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.

1.3.16  PSI5-S Timing

Table 1.51 PSI5-S Timing

Conditions: CL = 20 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC = E2VCC =5.0£ 0.5V

Item Symbol Condition Min. Max. Unit Reference
PSI5-S transfer rate — PSI5-S mode — 5.3 Mbps

— UART mode — 5.3 Mbps
Output clock cycle tpsiscyc PSI5-S mode 37.74 — ns Figure 1.42
Output clock pulse width tpsisckw PSI5-S mode 0.4 x tpsiseyc 0.6 * tpsiseye ns
NOTE

This AC characteristics is limited to specific pin groups. For details, please refer to Appendix file
“Limited_conditions_for_AC_specification.xIsx”.

tPSISCKW

PSISCLK tPSISCKW

tPSIScyc

Figure 1.42 PSI15-S Clock Output Timing
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1.3.17 HS-SPI Timing

Table 1.52 HS-SPI Timing in Master Mode (LVDS Mode)

Conditions: CL =20 pF, EOVCC = E1VCC =E2VCC=5.0£0.5V

ltem Symbol Condition Min. Max. Unit Reference
HSSPINCLKP cycle theeye 50 — ns Figure 1.43
HSSPINCLKP high-level width tHown thoeye X 0.45 | — ns

HSSPINCLKP low-level width tHowL thoeye X 0.45 | — ns

HSSPINRXD setup time tsmit HSPINCPHA =1 12 — ns

HSSPInRXD hold time trmie HSPINCPHA = 1 0 — ns

HSSPInTXD output hold time trmon HSPINCPHA = 1 thown / 2 — ns

HSSPINCLKP to HSSPInTXD delay time tomor HSPINCPHA = 1 — 7 ns

HSSPInSSL to HSSPINTXD delay time tomos HSPINCPHA =0 — thceye /2 | NS

HSSPINRXD setup time tsmiz HSPINCPHA =0 12 — ns

HSSPInRXD hold time tamiz HSPINCPHA =0 0 — ns

HSSPINTXD output delay time tomo2 HSPINCPHA =0 — 7 ns

HSSPINTXD output hold time timoz HSPINCPHA =0 thown / 2 — ns

Table 1.53 HS-SPI Timing in Master Mode (Single-ended Mode)

Conditions: CL = 20 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0+0.5V

Item Symbol Condition Min. Max. Unit Reference
HSSPINCLKP cycle theeye 50 — ns Figure 1.44
HSSPINCLKP high-level width tHown thoeye X 0.45 | — ns

HSSPINnCLKP low-level width tHow theeye X 0.45 | — ns

HSSPINRXD setup time tsmit HSPINCPHA =1 12 — ns

HSSPInRXD hold time trmie HSPINCPHA = 1 0 — ns

HSSPINTXD output hold time thmon HSPINCPHA =1 thown / 2 — ns

HSSPINCLKP to HSSPInTXD delay time tomor HSPINCPHA = 1 — 7 ns

HSSPInSSL to HSSPINTXD delay time tomos HSPINCPHA =0 — thceye /2 | NS

HSSPINRXD setup time tsmiz HSPINCPHA =0 12 — ns

HSSPInRXD hold time trmiz HSPINCPHA =0 0 — ns

HSSPINTXD output delay time tomoz HSPInCPHA =0 — 7 ns

HSSPInTXD output hold time timoz HSPINCPHA =0 thown / 2 — ns
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® HSPInCTL.HSPINCPHA = 1
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Figure 1.43

HS-SPI Timing in Master Mode (LVDS Mode)
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® HSPINCTL.HSPINCPHA =1
L tHCcyc _
tHCWH_ | tHCWL
HSSPINCLKP \ I
(HSPInCPOL = 0) ] 5 /|
tDMO1
|
HSSPINTXD X X
) tHMO1 >
HSSPINRXD  ====-c-emmmmm e k E‘ ________________
<«—>||—>
tSMI1 tHMI1
P tHCcyc o
HSSPInCLKP | JHOWH, | JHCWL
(HSPInCPOL = 1) 1 S l_
tDMO1
HSSPINTXD X K
3 tHMO1 >
HSSPINRXD  —ccmmmmeeee <- E‘ ________________
M tHMI

Figure 1.44 HS-SPI Timing in Master Mode (Single-ended Mode) (1/2)
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® HSPInCTL.HSPINCPHA =0
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HSSPINCLKP il . r
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Figure 1.44 HS-SPI Timing in Master Mode (Single-ended Mode) (2/2)
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Table 1.54 HS-SPI Timing in Slave Mode (LVDS Mode)
Conditions: CL =20 pF, EOVCC = E1VCC =E2VCC=5.0+0.5V

Item Symbol Condition Min. Max. Unit Reference
HSSPINCLKP cycle theeye 50 — ns Figure 1.45
HSSPINCLKP high-level width tHown theeye X 0.45 — ns

HSSPINnCLKP low-level width tHow trceye x 0.45 — ns

HSSPINRXD setup time tssit HSPINCPHA=1 |10 — ns

HSSPInRXD hold time thsit HSPINCPHA =1 | thxek + 5 — ns

HSSPINTXD output delay time tpsot HSPINCPHA =1 |— 20 ns

HSSPINTXD output hold time thso1 HSPINCPHA =1 | thown — ns

HSSPINRXD setup time tssiz HSPINCPHA=0 |10 — ns

HSSPInRXD hold time thsiz HSPINCPHA =0 | thxok + 5 — ns

HSSPINTXD output delay time toso2 HSPINCPHA=0 |— 20 ns

HSSPINTXD output hold time thso2 HSPINCPHA =0 | thown — ns

HSSPINSSLI setup time tsssi (theeye / 2) =10 | — ns Figure 1.46
HSSPInSSLI hold time thssi thown + 5 — ns

Note: thck iS comunication clock cycle of HS-SPI (CLK_HSB).

Table 1.55 HS-SPI Timing in Slave Mode (Single-ended Mode)

Conditions: CL = 20 pF, Drive strength = 4, Buffer type Sch1, EOVCC = E1VCC =E2VCC =5.0£ 0.5V

Item Symbol Condition Min. Max. Unit Reference
HSSPINCLKP cycle theeye 50 — ns Figure 1.47
HSSPINnCLKP high-level width tHown thcoye  0.45 — ns

HSSPINCLKP low-level width tHowL theeye X 0.45 — ns

HSSPINRXD setup time tssit HSPINCPHA=1 |10 — ns

HSSPInRXD hold time thsit HSPINCPHA =1 | thok + 5 — ns

HSSPINTXD output delay time tpso1 HSPINCPHA =1 |— 20 ns

HSSPINTXD output hold time thso1 HSPINCPHA =1 | thcwn — ns

HSSPINRXD setup time tssiz HSPINCPHA=0 |10 — ns

HSSPInRXD hold time thsiz HSPINCPHA =0 | thxek + 5 — ns

HSSPINTXD output delay time tosoz HSPINCPHA=0 |— 20 ns

HSSPINTXD output hold time thso2 HSPINCPHA =0 | thcwn — ns

HSSPINSSLI setup time tsssi (theeyo/2) — 10 — ns Figure 1.48
HSSPInSSLI hold time thssi thown + 5 — ns

Note: thxak is comunication clock cycle of HS-SPI (CLK_HSB).
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Figure 1.45

HS-SPI Timing in Slave Mode (LVDS Mode)
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Figure 1.46 HS-SPI SSL Timing in Slave Mode (LVDS Mode)

RO1UHO0778EJ0130 Rev.1.30 RENESAS Page 66 of 89
Dec 26, 2019



RH850/E2M Section 1 Electrical Characteristics

® HSPInCTL.HSPINCPHA = 1

tHCcyc
tHCWH_ | tHCWL

HSSPINCLKP .N f
(HSPInCPOL = 0) ] \ [
HSSPINSSL \

A

Yv

A

tDSO1
<+
HSSPINTXD X X
tHsO1
HSSPINRXD  —===——ememe o k ‘[- ----------------
<4+—p| | 4—P
tSSI1 tHSI1

W tHCcyc N
HSSPINCLKP (HOWH, | gHCWL
(HSPInCPOL = 1) XV Z | —
HSSPINSSL \
tDSO1
|
HSSPInTXD X K
tHsO1
HSSPINRXD  ccmccmm e e e < P
‘\SSHV ‘tHSI1’

Figure 1.47 HS-SPI Timing in Slave Mode (Single-ended Mode) (1/2)
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Figure 1.47

HS-SPI Timing in Slave Mode (Single-ended Mode) (2/2)
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Figure 1.48 HS-SPI SSL Timing in Slave Mode (Single-ended Mode)

Page 69 of 89

RENESAS

RO1UHO0778EJ0130 Rev.1.30
Dec 26, 2019



RH850/E2M Section 1 Electrical Characteristics

1.3.18 RHSIF Timing

Table 1.56 External Reference Clock Input / Output Characteristics

Conditions: CL = 15 pF, Drive strength = 3, Buffer type Sch1, EOVCC =5.0+£ 0.5V

ltem Symbol Min. Typ. Max. Unit Reference
External Reference Clock Input frequency frercki 10 — 20 MHz —
External Reference Clock Input duty cycle DCrercki | 35 — 65 %

External Reference Clock output frequency frercko 10 — 20 MHz

External Reference Clock output duty cycle DCrercko |35 — 65 %

Table 1.57 RHSIF Transmit Data Timing (3.3V)

Conditions: RHSIFNREFCLK CL = 15 pF, Drive strength = 3, EOVCC =5.0+ 0.5V

RHSIFNnTXDP CL=5pF, LVDVCC=33+£0.3V
RHSIFNTXDN
Item Symbol Condition Min. Typ. Max. Unit Reference
Transmit data cycle frx Slow mode — — 5 M Baud —
Fast mode — — 160 M Baud —
Transmit data delay time trxoo Slow mode -20 — 20 ns Figure 1.49
(RHSIFNREFCLK output) RHSIFNREFCLK 20MHz
Slow mode 15 — 85 ns Figure 1.49
RHSIFNREFCLK 10MHz
Fast mode — — — ns Asynchronous
Transmit data delay time trxooi Slow mode 0 — 60 ns Figure 1.49
(RHSIFNREFCLK input) Fast mode — — — ns Asynchronous

Table 1.58 RHSIF Transmit Data Timing (5V)

Conditions: RHSIFNREFCLK  CL = 15 pF, Drive strength = 3, EOVCC =5.0+ 0.5V
RHSIFNnTXDP CL=5pF, LVDVCC=5.0+£05V

RHSIFNnTXDN
Item Symbol Condition Min. Typ. Max. Unit Reference
Transmit data cycle frx Slow mode — — 5 M Baud —
Fast mode — — 160 M Baud —
Transmit data delay time trxoo Slow mode -20 — 20 ns Figure 1.49
(RHSIFNREFCLK output) RHSIFNREFCLK 20MHz
Slow mode 15 — 85 ns Figure 1.49
RHSIFNREFCLK 10MHz
Fast mode — — — ns Asynchronous
Transmit data delay time trxooi Slow mode 0 — 60 ns Figure 1.49
(RHSIFNREFCLK input) Fast mode — — — ns Asynchronous
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RHSIFnREFCLK : Qutput

RHSIFNREFCLK

(Output) 1/2 EVCC
tTXDD

RHSIFNnTXDP

RHSIFNTXDN

RHSIFNnREFCLK : Input

RHSIFNREFCLK
(Input) 1/2 EVCC
tTXDDI
RHSIFNnTXDP
RHSIFNTXDN
Figure 1.49 RHSIF Transmit Data Timing
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1.3.19 Serial Programmer Setup Timing
Table 1.59 Serial Programmer Setup Timing
Item Symbol Min. Typ. Max. Unit
MDO pulse input start time trp 15 — — ms
MDO pulse input end time trre — — 100 ms
MDO low/high level width tmoopwe / tmpopwh | 2 — — us
MDO rise time tr — — 20 ns
MDO fall time te — — 20 ns
RES_IN (Input)
te tr
MD1 ' ! '
“« < :
(Input) (low level) ; 5 5
(high level)
MDO i
(Input) :
> e >
trp tmMpoPwL tmMpoPwH
tree '
Note: Input the MDO pulses between trpviny and trrEMAX).
For MDO pulses, See Section 41.6.4, Selection of Communication Method.

Figure 1.50

Serial Programmer Setup Timing
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1.4 A/D Converter Characteristics
1.4.1 SAR A/D Converter Characteristics

Table 1.60 SAR A/D Converter Characteristics

ltem Symbol Min. Typ. |[Max. |Unit |Reference
Digital resolution — 10 — 12 bit
Voltage resolution (12 bit)*! — 1.10 122 (134 |mV
A/D conversion time — — 1.0% | — us
Integral nonlinearity error INL -3.07% | — +3.0*2 | LSB
Differential nonlinearity error DNL -1.02 | — +2.0*2 | LSB
Offset error OSE -3.5*2 | — +3.5*2 | LSB
Full scale error FSE -3.5%2 | — +3.5*2 | LSB
Quantization error QE -0.5 — +0.5 |LSB
Total unadjusted error TUE -4.0% | — +4.0*% | LSB
Self-diagnosis absolute | Self-diagnosis of internal ADC — -8.0 — +8.0 |LSB
error Pin-level self-diagnosis — -400 |— |+40.0 |LSB
Secondary power VCC, EVCC — -16.0 |— +16.0 | LSB
supply voltage monitor
absolute error*® VDD — -100 |— +10.0 | LSB
Input capacitance Waiting — — — 10 pF
Sampling — — — 20 pF
Allowable analog signal source impedance — — — 3 kQ
Analog input voltage range — 0.0 — AnVR |V
EFH

Note 1.  When AnVREFH (n =0, 1, 2, 3) =4.5V, the resolution is 1.10 mV.
When AnVREFH (n =0, 1, 2, 3) = 5.5V, the resolution is 1.34 mV.

Note 2.  Quantization error is not included.

Note 3. Sampling error is not included.

Note 4.  This value is tsp. + tsar Which is specified in Section 34.4.12, Timing Regulations of Section 34, Analog to Digital Converter
(ADCH). And it is decided logically, so it has typical value only.

Note 5. The error depends on the operating conditions, especially for errors in monitoring VDD.
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Sampling Errors in the External Circuit of the A/D Convertor

Sampling error is error to which “Errors (Sampling error 1) which depend on input leakage current of analog pin” and
“Errors (Sampling error 2) which depend on conversion cycles with charge sharing” were added.

Sampling error= Sampling error 1+sampling error 2

Figure 1.51 Sampling Error Formula

The external circuits of the A/D pins which become the factor of sampling error (sampling error 1 and sampling error 2)
are shown below.

a) Errors (Sampling error 1) which depend on input leakage current of analog pin
The error depends on the input leakage current (ILeak) of analog pin and external resistance (Re), and occurs.

The error which depends on the input leakage current is given by the formula of the following.

4096
i = Re X X ——
Sampling error 1 (LSB)= Re X ILeak AnVREFH
Figure 1.52 Sampling Error 1 Formula
Input leakage current —%AnVCC
(ILeak)
T MCU

Re
IC

-

Figure 1.53 Errors (Sampling error 1) which Depend on Input Leakage Current of Analog Pin

b) Errors (Sampling error 2) which depend on conversion cycles with charge sharing
A formula for errors in sampled values due to the external circuit of the A/D converter is given below.

These errors will depend on the input circuit and conversion cycle. The formula given below for the errors is simplified
for the calculation of sampling error 2 based on internal stray capacitance, amplifier offset, resistance of the signal
source, and conversion cycle. This formula can also be used to calculate the effects of the signal source resistance and
conversion cycle on these errors.
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The formula gives the error of analog input 2 as shown in the figure below when A/D conversion is performed in the

order of analog input 1 then 2.

. __ [(IV2-V1|xCIN1 IVVfaerrGCINZ) 1 (i )] 4096
Sampling error 2 (LSB)= [( CoTCINT T e T\ xC1xV3xRe || x —
Figure 1.54 Sampling Error 2 Formula
Table 1.61 Definition of the symbols for the Sampling Error Formula
Item Symbol Reference Unit
Common capacitance of the final stage of channel multiplexer CIN1 1.4 pF
Common capacitance of the final stage of the amplifier CIN2 10 pF
External capacitor on analog input pin Ce Depends on user board uF
Signal source impedance Re KQ
Conversions cycle of analog Input pins T ms
AnVREFH voltage (n =0, 1, 2, 3) Vavrefh \Y
Potential difference between V1 and V2 V2-V1 \Y
Offset voltage of the amplifier Vvfaerr 50 mV
Parasitic capacitance in the channel multiplexer C1 2 pF
|AnVCC voltage / 2.5 - measured pin voltage (V2)| (n =0, 1, 2, 3) V3 Depends on user board \Y
VA1 PKG pin
Analog input 1 —A\\, I
K CIN1 ADC  CcIN2

Re

— V2 PKG pin
Analog input2  —A\,

ICe

Channel multiplexer

e

Amplifier —_l_

Figure 1.55 Schematic for Sampling Error 2 Formula

e Values for conversion error calculated by using this formula do not include error (absolute error, etc.) specified in the

A/D converter characteristics.

® This formula is a desktop formula and is theoretical. When the signal source has an extremely high resistance or

when the conversion cycle is too short, calculated and measured values may differ. Actual error depends on the

external capacitor, external resistor, capacitance and resistance of board wiring, so please evaluate and verify the

error on the user board is no greater than the value produced by this formula (Condition of this formula is “Re < 1.5

MQ and T1 > 10 ps”, or “1.5 MQ <Re <2 MQ and T1 > 512 ps”).
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1.4.2 Delta-Sigma A/D Converter Characteristics
Table 1.62 Delta-Sigma A/D Converter Characteristics (High resolution mode) (ENOB, SNDR, input Impedance)
Conditions Value
ltem Symbol | Input Filter Type Gain Min. Typ. Max. Unit
ENOB*! ENOB | differential F1a, F1b, F2, | x1 13 — — bit
F3a, F3b, F4
SNDR*? SNDR | differential F1a, F1b, F2, | x1 80 — — dB
F3a, F3b, F4 x2 80 - - dB
F5 x1 65 — — dB
x2 65 — — dB
Fé x1 62 — — dB
x2 62 — — dB
F7 x1 56 — — dB
x2 56 — — dB
single-ended | F1a, F1b, F2, | x1 75 — — dB
(et |5 P8 P s oo - - o
2) F5 x1 59 — — dB
x2 65 — — dB
F6 x1 56 — — dB
x2 62 — — dB
F7 x1 50 — — dB
x2 56 — — dB
single-ended | F1a, F1b, F2, | x1 75 — — dB
geDfse{ngT:E)f F3a, F3b, F4 x2 75 - - dB
F5 x1 59 — — dB
x2 59 — — dB
Fé x1 56 — — dB
x2 56 — — dB
F7 x1 50 — — dB
x2 50 — — dB
Input — — x1 200 — — kQ
impedance x2 100 _ _ KQ
Note 1.  Effective Number of Bits.
Note 2.  Signal-to-Noise and Distortion Ratio.
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Table 1.63 Delta-Sigma A/D Converter Characteristics (High resolution mode) (Offset error)

Conditions Value
Item Symbol | Calibration Input Gain Min. Typ. Max. Unit
Offset error | OSE w/o calibration differential x1 -10.0 — +10.0 mV
i x2 -10.0 — +10.0 mv
single-ended x1 -10.0 — +10.0 mV
x2 -10.0 — +10.0 mV
w/ calibration*? differential x1 -5.0 — +5.0 mV
x2 -5.0 — +5.0 mV
single-ended x1 -5.0 — +5.0 mV
x2 -5.0 — +5.0 mV

Note 1. Quantization error is not included.
Note 2. Temperature change after calibration is less than 50°C. (-50°C < Temperature change < +50°C).
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Table 1.64 Delta-Sigma A/D Converter Characteristics (High impedance mode) (ENOB, SNDR, input Impedance)
(1/2)
Conditions Value
Item Symbol | Input Filter Type Gain Min. Typ. Max. Unit
ENOB*! ENOB | differential F1a, F1b, F2, | x1 12 — — bit
F3a, F3b, F4
SNDR*? SNDR | differential F1a, F1b, F2, | x1 75 — — dB
F3a, F3b, F4 x2 75 - - dB
x4 75 — — dB
x8 69 — — dB
F5 x1 65 — — dB
x2 65 — — dB
x4 65 — — dB
x8 59 — — dB
F6 x1 62 — — dB
x2 62 — — dB
x4 62 — — dB
x8 56 — — dB
F7 x1 50 — — dB
x2 50 — — dB
x4 50 — — dB
x8 44 — — dB
single-ended | F1a, F1b, F2, | x1 69 — — dB
v e R [ = = o
2) x4 75 — — dB
x8 69 — — dB
F5 x1 59 — — dB
x2 65 — — dB
x4 65 — — dB
x8 59 — — dB
F6 x1 56 — — dB
x2 62 — — dB
x4 62 — — dB
x8 56 — — dB
F7 x1 44 — — dB
x2 50 — — dB
x4 50 — — dB
x8 44 — — dB
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Table 1.64 Delta-Sigma A/D Converter Characteristics (High impedance mode) (ENOB, SNDR, input Impedance)

(2/2)
Conditions Value
Item Symbol | Input Filter Type Gain Min. Typ. Max. Unit
SNDR*? SNDR | single-ended | F1a, F1b, F2, | x1 69 — — dB
geDfSe:;zl_\r:Eelk:lc-))f F3a, F3b, F4 x2 69 - - dB
x4 69 — — dB
x8 63 — — dB
F5 x1 59 — — dB
x2 59 — — dB
x4 59 — — dB
x8 53 — — dB
F6 x1 56 — — dB
x2 56 — — dB
x4 56 — — dB
x8 50 — — dB
F7 x1 44 — — dB
x2 44 — — dB
x4 44 — — dB
x8 38 — — dB
Input — — x1 1000 — — kQ
impedance x2 500 _ _ KQ
x4 250 — — kQ
x8 125 — — kQ
Note 1.  Effective Number of Bits.
Note 2.  Signal-to-Noise and Distortion Ratio.
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Table 1.65 Delta-Sigma A/D Converter Characteristics (High impedance mode) (Offset error)

Conditions Value
Item Symbol | Calibration Input Gain Min. Typ. Max. Unit
Offset error*! OSE w/o calibration differential x1 -25.0 — +25.0 mV
x2 -12.5 — +12.5 mV
x4 -10.0 — +10.0 mV
x8 -10.0 — +10.0 mV
single-ended x1 -25.0 — +25.0 mV
x2 -12.5 — +12.5 mV
x4 -10.0 — +10.0 mV
x8 -10.0 — +10.0 mV
w/ calibration*? differential x1 -5.0 — +5.0 mV
x2 -5.0 — +5.0 mV
x4 -5.0 — +5.0 mV
x8 -5.0 — +5.0 mV
single-ended x1 -5.0 — +5.0 mV
x2 -5.0 — +5.0 mV
x4 -5.0 — +5.0 mV
x8 -5.0 — +5.0 mV

Note 1. Quantization error is not included.
Note 2. Temperature change after calibration is less than 50°C. (-50°C < Temperature change < +50°C).

Table 1.66 Delta-Sigma A/D Converter Characteristics (Gain error)

Item Symbol Conditions Min. Typ. Max. Unit
Gain error*!*2*3 GE DC input -1.0 — +1.0 %
w/o calibration
DC input -0.1 — +0.1 %
w/ calibration**

Note 1. The gain error of F1a, F1b, F2, F3a, F3b or F4 specified in this table are the gain error of A/D conversion result corrected by
software processing or by DFE.
For correcting method, refer to Section 35.6.10, A/D Conversion Result Error Correction Processing of Section 35, Delta-
Sigma Analog to Digital Converter (DSADC).

Note 2.  Excluding the influence of external input resistors.

Note 3.  Quantization error is not included.

Note 4. Temperature change after calibration is less than 50°C. (-50°C < Temperature change < +50°C).
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Table 1.67 Delta-Sigma A/D Converter Post Filter Characteristics
ltem Symbol | Conditions Min. Typ. Max. Unit
Passband bandwidth BW Fs =100 ksps, Ripple within 1% — — 30 kHz
Fs = 200 ksps, Ripple within +1%*" — — 30 kHz
Fs = 200 ksps, Ripple within +1%*? — — 60 kHz
Fs =400 ksps, Fc = -3dB — — 90 kHz
Fs =800 ksps, Fc = -3dB — — 100 kHz
Fs = 1600 ksps, Fc = -3dB — — 200 kHz
Initial delay — Fs = 100/200 ksps, BW = 30 kHz — — 65 us
Fs =200 ksps, BW = 60 kHz — — 65 us
Fs =400 ksps — — 8.75 us
Fs =800 ksps — — 7.5 us
Fs = 1600 ksps — — 3.75 us
Group delay — Fs = 100/200 ksps, BW = 30 kHz, Min. phase | — — 15 us
(Fin < 10 kHz)
Fs =200 ksps, BW = 60 kHz, Min. phase — — 10 us
(Fin < 10 kHz)
Fs = 100/200 ksps, BW = 30 kHz, Linear — — 32 us
phase
Fs =200 ksps, BW =60 kHz, Linear phase — — 32 us
Fs =400 ksps, Linear phase — — 4.5 us
Fs =800 ksps, Linear phase — — 3.88 us
Fs = 1600 ksps, Linear phase — — 2.025 us
Note 1.  Filter type is 2nd Stage Use Case 2(F1b). Refer to Section 35.6.2, Filter Type Setting of Section 35, Delta-Sigma Analog to

Digital Converter (DSADC).

Note 2.  Filter type is 2nd Stage Use Case 3(F2). Refer to Section 35.6.2, Filter Type Setting of Section 35, Delta-Sigma Analog to
Digital Converter (DSADC).
Table 1.68 Delta-Sigma A/D Converter Analog Input Voltage Range Specifications
Item Symbol Conditions | Min. Typ. |Max. Unit | Reference
Input voltage specification | Vain Gain = x1 ADSVREFL — ADSVREFH \Y
with a single-ended - _
reference of ADSVREFH/2 Gain =x2 | ADSVREFL ADSVREFH \Y
Gain = x4 | ADSVREFH x (1/4) |— ADSVREFH x (3/4) |V
Gain=x8 | ADSVREFH x (3/8) |— ADSVREFH x (5/8) |V
Input voltage specification | Vain Gain = x1 ADSVREFL — ADSVREFH \%
with a single-ended - _
reference of ADSVREFL Gain =x2 | ADSVREFL ADSVREFH x (1/2) |V
Gain = x4 | ADSVREFL — ADSVREFH x (1/4) |V
Gain =x8 | ADSVREFL — ADSVREFH x (1/8) |V
Input voltage specification | Vain Gain = x1 -ADSVREFH — ADSVREFH \Y
o e »
with differential input Gain=x2 |-ADSVREFH x (1/2) |— | ADSVREFH x (1/2) |V
Gain = x4 | -ADSVREFH x (1/4) |— ADSVREFH x (1/4) |V
Gain =x8 | -ADSVREFH x (1/8) |— ADSVREFH x (1/8) |V

Note 1. These indicates a difference voltage of the P side input voltage and N side input voltage (P side input voltage - N side input

voltage). The respective input voltage range are ADSVREFL to ADSVREFH.
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1.4.3 Cyclic A/D Converter Characteristics
Table 1.69 Cyclic A/D Converter Characteristics
Item Symbol Conditions Min. Typ. Max. Unit
ENOB*! ENOB differential, w/ averaging, 12%3 — — bit
Fs = 1000 ksps (Fin < 10 kHz)
single-ended, w/ averaging, 11%3 — — bit
Fs = 1000 ksps (Fin < 10 kHz)
SNDR*2 SNDR differential, w/ averaging, 74*3 — — dB
Fs = 1000 ksps (Fin < 10 kHz)
single-ended, w/ averaging, 68*3 — — dB
Fs = 1000 ksps (Fin < 10 kHz)
Input impedance — Fs = 1000 ksps, w/ averaging 100 — — kQ
Offset error*® OSE Fs = 1000 ksps, w/ averaging -5.0*3 — +5.0*3 mV
Gain error*4*> GE Fs = 1000 ksps, w/ averaging, -1.0*3 — +1.0%3 %
DC input
Passband bandwidth BW Fs = 1000 ksps, w/ averaging, — — 500 kHz
Fc =-3dB
Initial delay — Fs = 1000 ksps, w/ averaging — — 25.0 us
Group delay — Fs = 1000 ksps, w/ averaging, — — 1.25 us
Linear phase
Note 1. Effective Number of Bits.
Note 2.  Signal-to-Noise and Distortion Ratio.
Note 3.  These characteristics values are after calibration.
Note 4.  Excluding the influence of external input resistors.
Note 5.  Quantization error is not included.
Table 1.70 Cyclic A/D Converter Analog Input Voltage Range Specifications
Item Symbol Conditions Min. Typ. Max. Unit Reference
Input voltage specification with a | Vain ADSVREFL |— ADSVREFH |V
single-ended reference of
ADSVREFH/2
Input voltage specification with a | Vain ADSVREFL |— ADSVREFH |V
single-ended reference of
ADSVREFL
Input voltage specification with Vain -ADSVREFH | — ADSVREFH |V
differential input*"

Note 1.

These indicates a difference voltage of the P side input voltage and N side input voltage (P side input voltage - N side input
voltage). The respective input voltage range are ADSVREFL to ADSVREFH.
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1.4.4 Shared Analog and Digital Input Characteristics

Table 1.71 Digital Input Timing in Analog Input Pins

Item Symbol Conditions Min. Typ. Max. Unit Reference
ANDI*! rising time tanoir 10 to 90% 1000 — — ns
ANDI*' falling time tanDif 90 to 10% 1000 — — ns

Note 1.  ANDI means digital input (general input or SENT input) in analog input pins.

CAUTION

When this regulation isn’t maintained, A/D accuracy may be degraded.
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1.5 Code Flash Characteristics

This subsection explains the electrical characteristics when the hardware interface is used with the serial programming.
Note that these electrical characteristics differ from those of when the self-programming is used.

When executing self-programming, see the RH850/E2x Flash Memory User’s Manual: Hardware Interface which this
product targets.

Table 1.72 Code Flash Basic Characteristics
ltem Symbol Conditions Min. Typ. Max. Unit
Programming endurance*' CWRT Retained for 20 years*? 1000 — — Times
Temperature range of programming TPRG Tj -40 — +150 °C
Temperature range of reading TREAD Tj -40 — +150 °C

Note 1. Programming endurance is defined as the number of times each block is erased. Where programming endurance is n times
(n =1000 in this case), each block is erasable n times. For example, given a memory device that has 64-Kbyte erasure
blocks, programming in the address range of each 512-byte programming block (128 programming operations, one for each
block) in an erasure block and then erasing the block counts as one time in terms of programming endurance. However,
programming of a given address range more than once after erasure is not possible (overwriting after programming is
prohibited).

Note 2.  This is the case when the average Ta is 85°C. This retained period is from when the erasure of the code flash memory has
been normally completed.

Table 1.73 Code Flash Programming Characteristics

Item Condition Block Size | Min. Typ. Max. Unit
Programming time Programming endurance < 100 times 512 B — 0.4*1 6*! ms
64 KB — 80 360 ms
Programming endurance = 100 times 512 B — 0.5*1 7.2% ms
64 KB — 96 432 ms
Erasing time Programming endurance < 100 times 16 KB — 39 120 ms
64 KB — 141 480 ms
Programming endurance = 100 times 16 KB — 47 144 ms
64 KB — 169 576 ms
Note 1. Values are only for processing by hardware. Software overhead is not taken into account.
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1.6

Data Flash Characteristics

This subsection explains the electrical characteristics when the hardware interface is used with the serial programming.

Note that these electrical characteristics differ from those of when the self-programming is used.

When executing self-programming, see the RH850/E2x Flash Memory User’s Manual: Hardware Interface which this

product targets.

Table 1.74 Data Flash Basic Characteristics

Item Symbol Condition Min. Typ. Max. Unit
Programming endurance*' CWRT Retained for 20 years*? 125000 — — Times
(Data area) Retained for 3 years*? 250000 — — Times
Temperature range of programming TPRG Tj -40 — +150 °C
Temperature range of reading TREAD Tj -40 — +150 °C
Note 1. Programming endurance is defined as the number of times each block is erased. Where programming endurance is n times
(n = 125000 in this case), each block is erasable n times. For example, given a memory device that has 64-byte erasure
blocks, programming in the address range of each 4-byte programming block (16 programming operations, one for each
block) in an erasure block and then erasing the block counts as one time in terms of programming endurance. However,
programming of a given address range more than once after erasure is not possible (overwriting after programming is
prohibited).
Note 2. This is the case when the average Ta is 85°C. This retained period is from when the erasure of the data flash memory has

been normally completed.

Table 1.75 Data Flash Programming Characteristics

ltem Block Size Min. Typ. Max. Unit
Programming time 4B — 0.16* 1.7+ ms
64 B — 2.6* 13*1 ms
Erasing time 64 B — 1.7% 10* ms
Setting of Security Settings 4B/32B* — 33+ 273* ms
Setting of Configuration Settings |4 B — 16+ 124+ ms
Setting of Block Protection 4B — 16+ 124+ ms
Note 1. Values are only for processing by hardware. Software overhead is not taken into account.
Note 2.  When the ID storage address at the Security Setting area is configured, the block size becomes a 32 B unit.

1.7

Temperature Sensor Characteristics

Table 1.76 Temperature Sensor (OTS) Characteristics

Item Symbol Condition Min. Typ. Max. Unit
Temperature range TTSA — -36 — +148 °C
Temperature accuracy*’ ACCTS1 (-36°C to 140°C) -4 — +4 °C
ACCTS2 (140°C to 148°C) |-2 — +2 °C
Temperature update period trsup — 10 — — ms
Stand-by return time trssei — — — 200 us
Note 1. It does not include accuracy of measuring equipment.
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RH850/E2M Section 1 Electrical Characteristics

1.8 Thermal Characteristics

1.8.1 Thermal Characteristics Parameter

Table 1.77 Thermal Characteristics in RH850/E2M

Package Parameter Estimate Unit Remark
P-FBGA373-21x21-0.80 Gja 13.8 °C/W JESD51-9 compliant (4 layers)
(with vias on the board) oib 8.4 °CIW JESD51-9 compliant (4 layers)
6ic 5.8 °CIW JESD51-9 compliant (4 layers)
Bjcbot 5.3 °CIW JESD51-9 compliant (4 layers)
Yjb 8.0 °C/W JESD51-9 compliant (4 layers)
Wit 0.14 °CIW JESD51-9 compliant (4 layers)
4L6ja 16.3 °C/W L board (4 layers)
4L6jb 9.9 °CIW L board (4 layers)
4L¥jb 8.1 °C/W L board (4 layers)
4LWjmb 4.4 °C/W L board (4 layers)
4LWjt 0.17 °CIW L board (4 layers)
4LTb_inc 8.3 °C/W L board (4 layers)
P-FBGA292-17x17-0.80 Gja 13.2 °C/W JESD51-9 compliant (4 layers)
(with vias on the board) oib 7.1 °CIW JESD51-9 compliant (4 layers)
6ic 5.5 °CIW JESD51-9 compliant (4 layers)
Bjcbot 4.8 °CIW JESD51-9 compliant (4 layers)
Yjb 6.8 °C/W JESD51-9 compliant (4 layers)
Wit 0.14 °CIW JESD51-9 compliant (4 layers)
4L6ja 15.9 °C/W L board (4 layers)
4L6jb 8.4 °CIW L board (4 layers)
4L¥jb 7.9 °C/W L board (4 layers)
4LWjmb 4.2 °C/W L board (4 layers)
4LWjt 0.17 °CIW L board (4 layers)
4LTb_inc 8.0 °C/W L board (4 layers)

1.8.2 Assumed Board

Table 1.78 JESD51-9 Compliant Board (4 layers)

Board Size (mm)

X Y Area (mm?)
Board Size 101.5 114.5 11621.75
Remaining copper rate Conductor thickness
50 -95-95-50 % 70-35-35-70 um

Table 1.79 L board (4 layers)

Board Size (mm)

X Y Area (mm?)
Board Size 90 160 14400
Remaining copper rate Conductor thickness
30-80-80-30% 35-35-35-35pum
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CANFD



				Function								E2M

				CANn		Group		CTXn		CRXn		BGA373		BGA292

				CAN0		Group1		P02_0		P02_2		x		x

						Group2		P12_4		P12_2		x		x

						Group3		P15_7		P14_0		x		x

						Group4		P20_2		P20_3
P20_4		x		x

						Group5		P33_2
P33_4
P34_0		P33_7
P34_2		x		x

				CAN1		Group1		P00_0
P01_4
P02_7		P00_1
P01_3
P02_11		x		x

						Group2		P15_2		P15_1
P15_4		x		x

						Group3		P22_11		P22_12		x		x

				CAN2		Group1		P02_1		P02_4		x		x

						Group2		P10_7		P10_4		x		x

						Group3		P15_0		P15_1
P15_4		x		x

						Group4		P22_0		P22_1		x		x

						Group5		P32_3
P32_1		P32_5
P32_0		x		x

				CAN3		Group1		P00_2
P02_2
P02_6		P00_3
P02_3		x		x

						Group2		P11_4
P13_8		P12_8
P13_11		x		x

						Group3		P20_0
P20_4		P20_1
P20_6		x		x

						Group4		P32_6		P32_4		x		x

				CAN4		Group1		P00_4		P00_5		x		x

						Group2		P10_5		P10_6		x		x

						Group3		P11_3		P11_1		x		x

						Group4		P15_7		P15_8		x		x

						Group5		P22_2		P22_3		x		x

				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.





FLXA



				Function																E2M

				FRn		Group		FRnRXDA		FRnTXDA		FRnENA		FRnRXDB		FRnTXDB		FRnENB		BGA373		BGA292

				FR0		Group1		P02_2		P02_0		P02_3		P02_4		P02_1		P02_6		x		x

						Group2		P12_7
P13_1
P14_4		P12_1
P12_6		P11_2
P12_0		P12_7
P12_8		P11_4		P11_2
P12_9		x		x

						Group3		P22_2
P22_4		P22_9
P22_11		P22_6		P22_2
P22_7		P22_1
P22_11		P22_5
P22_6		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.







CSIH



				Function																										E2M

				CSIHn		Group		CSIHnTSI		CSIHnTSO		CSIHnTSCK		CSIHnTSSI		CSIHnTRY		CSIHnTCSS0		CSIHnTCSS1		CSIHnTCSS2		CSIHnTCSS3		CSIHnTCSS4		CSIHnTCSS5		BGA373		BGA292

				CSIH0		Group1		P11_0
P11_4
P12_7		P11_9		P11_5		P11_7		P22_10		P11_7		P11_10		P11_8		P11_6
P12_8		P11_3
P12_9		P11_4
P11_1
P12_5		x		x

						Group2		P20_4
P20_6
P20_7		P20_6
P20_7		P20_3
P20_5		P20_5
P20_4				P20_2
P20_3
P20_7		P20_4		P20_5		ー		ー		ー		x		x

						Group3		P22_4
P22_7
P22_8		P22_4
P22_7
P22_8		P22_6
P22_9		ー				ー		ー		ー		ー		ー		ー		x		x

				CSIH1		Group1		P10_1
P10_2
P10_3		P10_1
P10_2
P10_3
P10_6		P10_4		P10_1		P10_0		P10_1		P10_5		P10_6		P10_8		ー		ー		x		x

						Group2		P11_4		P11_7		P11_0
P11_2		P11_1
P11_10				P11_10		P11_2		P11_4		P12_8		ー		ー		x		x

						Group3		P12_6
P12_7
P12_8		P12_5
P12_6
P12_7		P12_9		P12_8				P12_5								ー		ー		x		x

				CSIH2		Group1		P14_2
P15_2
P15_4
P15_5
P15_7
P15_8		P14_1
P15_3
P15_5
P15_7
P15_8		P14_0
P14_1
P15_4
P15_6		P14_3
P15_0
P15_1
P15_2		P14_6
P15_0		P14_2
P15_2
P20_2		P14_7
P14_11		P14_5
P15_0
P15_8		P14_3
P14_12
P20_7		ー		ー		x		x

						Group2		P34_3
P34_4		P34_3
P34_4		P32_2
P33_9		ー				ー		ー		ー		ー		ー		ー		x		x

				CSIH3		Group1		P00_3
P01_5
P01_6
P02_5
P02_6		P01_5
P01_6
P02_5
P02_6
P02_8		P01_7
P02_4
P02_9		P00_3
P01_4
P02_3		P01_3		P00_3
P02_3		P02_0		P02_2		P00_5 
P02_1		ー		ー		x		x

						Group2		P10_6
P10_8		P10_6
P10_8		P10_7		P02_3		ー				ー		ー		ー		ー		ー		x		x

				CSIH4		Group1		P22_2
P22_3		P22_2
P22_3		P22_1		P22_0		P32_1
P33_8		P22_5		ー		P22_7		P22_0		ー		ー		x		x

						Group2		P33_10
P33_12		P33_10
P33_12		P33_6		P33_11				P33_11		P33_4		P33_7		P33_8		ー		ー		x		x

				CSIH5		Group1		P14_10
P14_11		P14_10
P14_11		P14_12		―		P23_0		―		―		―		P15_5		ー		ー		x		ー

						Group2		P23_2
P23_6		P23_2
P23_6		P23_1
P23_7		P23_3				P23_5		P23_4		P23_3		P23_7		ー		ー		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.

				NOTE: 		CSIHnTRY function can be used only at 5V power supply.





LIN



				Function								E2M

				LINn		Group		LRXn		LTXn		BGA373		BGA292

				LIN0		Group1		P13_10		P13_9		x		ー

						Group2		P15_3
P15_4		P15_0
P15_2		x		x

						Group3		P22_12		P22_11		x		x

						Group4		P34_2		P34_0		x		x

				LIN1		Group1		P02_4
P02_5		P02_1		x		x

						Group2		P12_8		P11_4		x		x

						Group3		P15_1
P15_8		P15_0
P15_7		x		x

						Group4		P20_6		P20_4		x		x

						Group5		P22_1
P22_5		P22_0		x		x

						Group6		P33_10		P33_12		x		x

				LIN2		Group1		P02_2
P02_11		P02_0
P02_7		x		x

						Group2		P10_6		P10_5		x		x

						Group3		P22_3		P22_2		x		x

						Group4		P32_0
P33_7		P32_1
P33_4		x		x

				LIN3		Group1		P00_1		P00_0		x		x

						Group2		P11_1
P13_11		P11_3
P13_8		x		x

						Group3		P15_3		P15_5		x		x

						Group4		P20_1		P20_0		x		x

						Group5		P22_10		P23_0		x		x

						Group6		P32_4		P32_6		x		x

				LIN4		Group1		P00_5
P01_3		P00_4
P01_4		x		x

						Group2		P12_2
P12_5		P12_4
P12_6		x		x

				LIN5		Group1		P20_5		P20_7		x		x

						Group2		P23_3		P23_4		x		x

						Group3		P33_0
P33_8		P33_3
P33_9		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.







PSI5S



				Function										E2M

				PSIS		Group		PSISRX		PSISTX		PSISCLK		BGA373		BGA292

				PSIS		Group1		P00_3
P02_6
P02_9		P00_4
P02_5
P02_8		P02_3
P02_4		x		x

						Group2		P33_0		P33_5		P33_11		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.









SCI3



				Function										E2M

				SCIn		Group		SCInTxD		SCInRxD		SCInSCK		BGA373		BGA292

				SCI0		Group1		P13_9		P13_10		ー		x		ー

						Group2		P15_2		P15_4		ー		x		x

						Group3		P20_1
P22_11		P22_12		P22_11		x		x

						Group4		P34_0		P33_13
P34_2		P33_0		x		x

				SCI1		Group1		P02_1		P02_4		P00_3		x		x

						Group2		P11_4		P12_8		ー		x		x

						Group3		P15_0
P15_7
P20_4		P15_1
P15_8
P20_6		P15_0
P20_4		x		x

						Group4		P22_0		P22_1		ー		x		x

						Group5		P33_12		P33_10		P33_6
P33_12		x		x

				SCI2		Group1		P02_0
P02_7
P10_5		P02_2
P02_11
P10_6		P02_3
P10_6		x		x

						Group2		P22_2		P22_3		ー		x		x

						Group3		P32_1
P33_3
P33_4		P32_0
P33_0
P33_7
P34_2		P33_2
P33_4		x		x

				SCI3		Group1		P00_0		P00_1		P00_0
P00_2		x		x

						Group2		P11_3
P13_8
P15_5		P11_1
P13_11
P15_3		P11_0
P11_3
P15_5		x		x

						Group3		P20_0
P23_0		P20_1
P22_10		P20_0
P21_5
P23_0		x		x

						Group4		P32_6		P32_4		P32_6
P33_13		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.

















RHSB



				Function																						E2M

				RHSB		Group		E0VCC		E1VCC		E2VCC		mode				RHSBnFCL		RHSBnSO		RHSBnCSDx		RHSBnSI		BGA373		BGA292

				RHSB0		Group1		5V		DC		3.3V		3.3V		LVDS		P13_1
P13_0		P13_3
P13_2		P12_6
P12_5		P12_3
P12_1		x		x

						Group2		5V		DC		DC		5V		LVDS						P14_5
P14_3		P14_4
P10_4		x		x

						Group3		5V		DC		3.3V		3.3V		Single end		P12_4		P12_2		P12_6
P12_5		P12_3
P12_1		x		x

						Group4		5V		DC		DC		5V		Single end		P13_1		P13_3		P14_5
P14_3		P14_4
P10_4		x		x

				RHSB1		Group1		5V		DC		3.3V		3.3V		LVDS		P10_0
P10_1		P10_2
P10_3		P12_8
P12_9		P12_2
P12_4		x		x

						Group2		5V		DC		DC		5V		LVDS						P10_7
P10_6		P15_4
P15_6		x		x

						Group3		5V		DC		DC		3.3V		Single end		ー		ー		ー		ー		ー		ー

						Group4		5V		DC		DC		5V		Single end		P10_0		P10_2		P10_7
P10_6		P15_4
P15_6		x		x



				NOTE: 		AC specification is limited to ensure the specific pin groups as above.

				NOTE: 		The field of "-" means that the pin groups are not supported. Then, these setting is prohibited for use.

				NOTE: 		As the following cases, the pin groups are also not supported. Then, these setting is prohibited for use.

						- Target pins are not exist.

						- Target pins are exist, but target function is not assigned for target pins.

				NOTE: 		The field of "DC" means "Don't care".
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				The changes are shown below. (Error: red, Correct: blue)



				No.		PDF Page(Rev.1.20E)		Section		Chapter title
(Chart title)		Error		Correct		Change reason		Notice situation		Note

				-		Limited_conditions_for_AC_specification.xlsx						From Rev1.2 to Rev1.3 is no changed.

				1		10		Electrical Characteristics		1.2.3 Input Voltage Characteristics
Table 1.3 DC Characteristics (Input Voltage)
		Item: Schmitt trigger input voltage (Buffer type SchMSC*1)

Symbol: VT + (VIH)
Min.: 
 E0VCC × 0.6 
 E1VCC × 0.6 
 E2VCC × 0.6 
Typ.: —
Max.: 
 E0VCC + 0.3 
 E1VCC + 0.3 
 E2VCC + 0.3 

Symbol: VT − (VIL)
Min.: 
 −0.3 
Typ.: —
Max.: 
 E0VCC × 0.36 
 E1VCC × 0.36 
 E2VCC × 0.36 

Symbol: VHS
Min.: 
 E0VCC × 0.082 
 E1VCC × 0.082 
 E2VCC × 0.082 
Typ.: —
Max.: —
		Item: Schmitt trigger input voltage (Buffer type SchMSC*1)

Symbol: VT + (VIH)
Min.: 
 E0VCC × 0.6 
 E2VCC × 0.6 
Typ.: —
Max.: 
 E0VCC + 0.3 
 E2VCC + 0.3


Symbol: VT − (VIL)
Min.: 
 −0.3
Typ.: —
Max.: 
 E0VCC × 0.36
 E2VCC × 0.36


Symbol: VHS
Min.: 
 E0VCC × 0.082
 E2VCC × 0.082
Typ.: —
Max.: —
		Writing Error

				2		12		Electrical Characteristics
		1.2.5 Pull-Up / Pull-Down MOS Current Characteristics
Table 1.5 DC Characteristics (Pull-Up / Pull-Down MOS Current)
		Item: 
 Input pull-up MOS current
 E0VCC, E1VCC, E2VCC power pin (SchMSC enabled pin*1)

Measurement Condition: 
 Vin = 0 V
 E1VCC = 3.0 to 3.6 V
 E2VCC = 3.0 to 3.6 V

Measurement Condition: 
 Vin = 0 V
 E0VCC = 4.5 to 5.5 V
 E1VCC = 4.5 to 5.5 V
 E2VCC = 4.5 to 5.5 V
		Item: 
 Input pull-up MOS current
 E0VCC, E2VCC power pin (SchMSC enabled pin*1)

Measurement Condition: 
 Vin = 0 V
 E2VCC = 3.0 to 3.6 V


Measurement Condition: 
 Vin = 0 V
 E0VCC = 4.5 to 5.5 V
 E2VCC = 4.5 to 5.5 V
		Writing Error

				3		12		Electrical Characteristics
		1.2.5 Pull-Up / Pull-Down MOS Current Characteristics
Table 1.5 DC Characteristics (Pull-Up / Pull-Down MOS Current)
		Item: 
 Input pull-down MOS current
 E0VCC, E1VCC, E2VCC power pin (SchMSC enabled pin*1)

Measurement Condition: 
 Vin = E1VCC, E1VCC = 3.0 to 3.6 V
 Vin = E2VCC, E2VCC = 3.0 to 3.6 V

Measurement Condition: 
 Vin = E0VCC, E0VCC = 4.5 to 5.5 V
 Vin = E1VCC, E1VCC = 4.5 to 5.5 V
 Vin = E2VCC, E2VCC = 4.5 to 5.5 V
		Item: 
 Input pull-down MOS current
 E0VCC, E2VCC power pin (SchMSC enabled pin*1)

Measurement Condition: 
 Vin = E2VCC, E2VCC = 3.0 to 3.6 V


Measurement Condition: 
 Vin = E0VCC, E0VCC = 4.5 to 5.5 V
 Vin = E2VCC, E2VCC = 4.5 to 5.5 V
		Writing Error

				4		17		Electrical Characteristics
		1.2.10 LVDS Reciever
Figure 1.6 Definition of LVDS Receiver Symbols
						Writing Error

				5		19		Electrical Characteristics
		1.2.12 Supply Current Characteristics
Table 1.14 DC Characteristics (Supply Current)
		CAUTIONS
1. When the A/D converter is not used or it is in the standby state, do not open the A0VCC pin, A1VCC pin, A0VREFH pin, AVREFH pin, ADSVREFH pin, ADSVREFL pin, A0VSS pin, and A1VSS pin.
		CAUTIONS
1. Even if the A/D converter is not used or it is in the standby state, do not open the A0VCC pin, A1VCC pin, A2VCC pin, A3VCC pin, A0VREFH pin, A1VREFH pin, A2VREFH pin, A3VREFH pin, ADSVREFH pin, ADSVREFL pin, A0VSS pin, A1VSS pin, A2VSS pin, A3VSS pin, and ADSVSS pin.
		Writing Error

				6		22		Electrical Characteristics
		1.3.1 Power On / Off Timing
Table 1.18 Power On / Off Timing
		Note 2.
tPWH2 is the time from assertion of the reset signal until any of the power voltages have dropped below the lower-limit voltages.
There are no restrictions on the falling order of each power supply.		Note 2.
tPWH is the time from assertion of the reset signal until any of the power voltages have dropped below the lower-limit voltages.
There are no restrictions on the falling order of each power supply.		Writing Error

				7		35		Electrical Characteristics		1.3.6 CSIH Timing
Table 1.33 CSIH Timing in 5V Master Mode
		Note: 
 n = 0 to 3, x = 0 to 5 (n = 0), x = 0 to 3 (n = 1, 2, 3)		Note: 
 n = 0 to 5 x = 0 to 5 (n = 0), x = 0 to 3 (n = 1, 2, 3, 4, 5)		Writing Error

				8		36		Electrical Characteristics		1.3.6 CSIH Timing
Table 1.34 CSIH Timing in 3.3V Master Mode
		Note: 
 n = 0 to 3, x = 0 to 5 (n = 0), x = 0 to 3 (n = 1, 2, 3)		Note: 
 n = 0 to 5 x = 0 to 5 (n = 0), x = 0 to 3 (n = 1, 2, 3, 4, 5)		Writing Error

				9		37		Electrical Characteristics
		1.3.6 CSIH Timing
Figure 1.20 CSIH Timing (Master Mode)
		CSIHnCFGx*: CSIHnCKPx / CSIHnDAPx = 0 / 0 or 1 / 1

CSIHnCFGx*: CSIHnCKPx / CSIHnDAPx = 1 / 0 or 0 / 1		CSIHnCFGx: CSIHnCKPx / CSIHnDAPx = 0 / 0 or 1 / 1

CSIHnCFGx: CSIHnCKPx / CSIHnDAPx = 1 / 0 or 0 / 1		Writing Error

				10		43		Electrical Characteristics
		1.3.6 CSIH Timing
Figure 1.25 CSIH Timing (Slave Mode)
		CSIHnCFGx : CSIHnCKPx / CSIHnDAPx = 0 / 1 or 0 / 1
		CSIHnCFGx : CSIHnCKPx / CSIHnDAPx = 1 / 0 or 0 / 1
		Writing Error

				11		51		Electrical Characteristics		1.3.11 Ethernet Timing
Table 1.44 Ethernet Timing for MII
		Note 1. The duty cycle of TXCLK and RXCLK shall be between 35% to 65% inclusive. (IEEE802.3)
		Note 1. The duty cycle of TXCLK and RXCLK shall be between 35% to 65%. (IEEE802.3)
		Writing Error

				12		53		Electrical Characteristics		1.3.11 Ethernet Timing
Table 1.45 Ethernet Timing for RMII
		Note 1. The duty cycle of REF50CK shall be between 35% to 65% inclusive. (RMII™ specification)

		Note 1. The duty cycle of REF50CK shall be between 35% to 65%. (RMII™ specification)

		Writing Error

				13		70		Electrical Characteristics		1.3.18 RHSIF Timing
Table 1.57 RHSIF Transmit Data Timing (3.3V)
						DescriptionChange		Reported by TECHNICAL UPDATE
(TN-RH8-B0225A/E)

				14		70		Electrical Characteristics		1.3.18 RHSIF Timing
Table 1.58 RHSIF Transmit Data Timing (5V)
						DescriptionChange		Reported by TECHNICAL UPDATE
(TN-RH8-B0225A/E)

				15		70		Electrical Characteristics		1.3.18 RHSIF Timing
Figure 1.49 RHSIF Transmit Data Timing
		none				DescriptionChange		Reported by TECHNICAL UPDATE
(TN-RH8-B0225A/E)

				16		71		Electrical Characteristics		1.3.19 Serial Programmer Setup Timing
Table 1.59 Serial Programmer Setup Timing
		Item: MD0 low/high level width
Symbol: tPWL / tPWH
		Item: MD0 low/high level width
Symbol: tMD0PWL / tMD0PWH		Writing Error

				17		71		Electrical Characteristics		1.3.19 Serial Programmer Setup Timing
Figure 1.50 Serial Programmer Setup Timing
		MD0 (Input)

tPWL

tPWH
		MD0 (Input)

ttMD0PWL

tMD0PWH
		Writing Error

				18		72		Electrical Characteristics		1.4.1 SAR A/D Converter Characteristics
Table 1.60 SAR A/D Converter Characteristics
		Item: 
 Secondary power supply voltage monitor absolute error

		Item: 
 Secondary power supply voltage monitor absolute error*5

Note 5. The error depends on the operating conditions, especially for errors in monitoring VDD.		Additional Description

				19		73		Electrical Characteristics		1.4.1 SAR A/D Converter Characteristics

		Sampling Errors in the External Circuit of the A/D Convertor

The external circuit of the A/D pin indicates below about the factor (sampling error 1 and sampling error 2) which becomes sampling error.		Sampling Errors in the External Circuit of the A/D Convertor

The external circuits of the A/D pins which become the factor of sampling error (sampling error 1 and sampling error 2) are shown below.		Additional Description

				20		85		Electrical Characteristics		1.8.1 Thermal Characteristics Parameter
Table 1.77 Thermal Characteristics in RH850/E2M
		Package: BGA 2121-373

Package: BGA 1717-292
		Package: P-FBGA373-21x21-0.80

Package: P-FBGA292-17x17-0.80
		Writing Error
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