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Abstract: Direct-current (dc) charging is a method of charging that facilitates rapid energy 
transfer from the electric grid to plug-in vehicles. This method of charging allows significantly 
more current to be drawn by the vehicle versus lower rated alternating-current (ac) systems. A 
combination of vehicles that can accept high-current dc charge and the dc supply equipment that 
provides it has led to the use of terminology such as “fast charging,” “fast charger,” “dc charger,” 
“quick charger,” etc.  
 
DC charging and ac charging vary by the location at which ac current is converted to dc current. For 
typical dc charging, the current is converted at the off-board charger, which is separate from the 
vehicle. For ac charging, the current is converted inside the vehicle, by means of an on-board charger. 
 
The location of the ac to dc conversion equipment, or converter, shapes the complexity of the 
equipment design. Regarding ac charging, as previously mentioned, the conversion is on board 
the vehicle. This allows the original equipment maker (OEM) designed systems to control the 
charging operation in its entirety. The on-board charger (converter) and battery controller solution 
is under direct control of the vehicle manufacturer. 
 
For dc charging, an entirely new challenge exists for OEMs. The dc charger is now external to the 
vehicle and requires the vehicle engineers to control an external power device. For the reason of 
necessary interoperability, standards such as IEEE Std 2030.1.1 are provided to assist developers. 
 
Keywords: automotive, CHAdeMO, dc charger, dc charging, electric vehicle, fast charger, fast 
charging, IEC 61851-23, IEEE 2030.1.1™, rapid charging, SAE, SAE J1772, SAE J2836/2  
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers 
Concerning IEEE Standards Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards Documents 

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards 
through an accredited consensus development process, which brings together volunteers representing 
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by 
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers 
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While 
IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the 
soundness of any judgments contained in its standards. 

IEEE does not warrant or represent the accuracy or completeness of the material contained in its standards, 
and expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to results and workmanlike effort. In 
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free 
from patent infringement. IEEE Standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by 
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon 
his or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:52:33 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2030.1.1-2021

https://standards.ieee.org/ipr/disclaimers.html
http://www.avadocuments.com/doc/ieee-2030-1-1-2021
http://www.avadocuments.com/doc/ieee-2030-1-1-2021


 

 

Copyright © 2022 IEEE. All rights reserved. 
4 

Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE 
standard. 

Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that the presenter’s views should be considered the personal views of that individual rather 
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. 

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 
consulting information, or advice pertaining to IEEE Standards documents.  

Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important that any responses to comments and questions also receive the concurrence of a balance of 
interests. For this reason, IEEE and the members of its Societies and Standards Coordinating Committees 
are not able to provide an instant response to comments, or questions except in those cases where the matter 
has previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any 
person who would like to participate in evaluating comments or in revisions to an IEEE standard is 
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the 
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is 
needed to access the application. 

Comments on standards should be submitted using the Contact Us form. 

Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not constitute compliance to any applicable 
regulatory requirements. Implementers of the standard are responsible for observing or referring to the 
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action 
that is not in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 
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Introduction 

This introduction is not part of IEEE Std 2030.1.1-2022, IEEE Standard for Technical Specifications of a DC Quick 
and Bidirectional Charger for Use with Electric Vehicles. 

This standard defines requirements for the designs of electric vehicles and dc quick chargers that promote 
efficient and rapid charging between electric vehicles and dc quick chargers. This document specifies the 
collaborative actions between electric vehicles and quick chargers referencing relevant international 
specifications. 

Acknowledgment 
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source material in Annex A: CHAdeMO 1.0.1 (21 May 2013), Technical Specifications of Quick Charger 
for the Electric Vehicle. 
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IEEE Standard for Technical Specifications of a DC Quick and 

Bidirectional Charger for Use with Electric Vehicles 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 

health, or environmental protection, or ensure against interference with or from other devices or 

networks. Implementers of IEEE Standards documents are responsible for determining and 

complying with all appropriate safety, security, environmental, health, and interference protection 

practices and all applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard specifies the design interface of electric vehicles and direct current (dc) bidirectional 

quick chargers that utilize promote rapid charging of battery electric vehicles as power storage 

devices. 

1.2 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).
1,2 

1 
The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe 

unavoidable situations. 

2 
The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:52:33 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2030.1.1-2021

http://www.avadocuments.com/doc/ieee-2030-1-1-2021
http://www.avadocuments.com/doc/ieee-2030-1-1-2021


The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, physical, or 

causal (can equals is able to). 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used, so each referenced document is cited in text and its relationship 

to this document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 

IEC 62196-3, Plugs, socket-outlets, vehicle connectors and vehicle inlets—Conductive charging of 

electric vehicles—Part 3: Dimensional compatibility and interchangeability requirements for d.c. and 

a.c./d.c. pin and contact-tube vehicle couplers.
3 

ISO 11898-1, Road vehicles—Controller area network (CAN)—Part 1: Data link layer and physical 

signalling.
4 2 

ISO 11898-2, Road vehicles—Controller area network (CAN)—Part 2: High-speed medium access 

unit. 

3 
IEC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National 

Standards Institute (https://www.ansi.org/). 

4 
ISO publications are available from the International Organization for Standardization (https://www.iso.org/) and the American 

National Standards Institute (https://www.ansi.org/). 

2 

ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genève 20, 

Switzerland/Suisse (http://www.iso.ch/). ISO publications are also available in the United States from the American National 

Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/). 
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SAE J1772, Electric Vehicle and Plug in Hybrid Electric Vehicle Conductive Charge Coupler.
5 3 

SAE J2836/2, Use Cases for Communications between Plug-in Vehicles and Off-Board DC Charger. 

SAE J2847/2, Communication Between Plug-In Vehicles and Off-Board DC Chargers. 

SAE J2931/1, Digital Communications for Plug-in Electric Vehicles. 

SAE J2931/4, Broadband PLC Communication for Plug-in Electric Vehicles. 

UL 2202, Electric Vehicle (EV) Charging System Equipment (AC to DC).
6 

UL 2251 Plugs, Receptacle, Couplers for Electric Vehicles. 

UL 2231-1 Personnel Protection Systems for Electric Vehicle Supply Circuits: General Requirements. 

UL 2231-2 Personnel Protection Systems for Electric Vehicle Supply Circuits: Particular 

Requirements for Protection Devices for Use in Charging Systems. 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary Online should be consulted for terms not defined in this clause.
7 4 

ac input power blackout: Voltage fall of ac input power supply below the specified voltage range. 

 

5 3 
SAE publications are available from the Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096, USA 

(https http://www.sae.org/). 

6 
UL publications are available from Underwriters Laboratories (https://www.ul.com/). 

7
IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary, 

and one can be created at no charge on the dictionary sign-in page. 

4 

IEEE Standards Dictionary Online subscription is available at: http://ieeexplore.ieee.org/xpls/ dictionary.jsp. 
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3.1 Vehicle terms 

bus off: A state in which participation in the communications on the shared transmission line for 

exchange of electronic signals is prohibited. 

CAN communication: Communication that is one of the types of vehicle-mounted network protocol 

and is used between charger and vehicle. A communication method used for transmitting control 

signals between an electric vehicle and a quick charger in the CHAdeMO system. (ISO 11898-2
8
) 

charging: Supplying direct current to a battery from an external power source, producing a chemical 

reaction of the active substances and storing electrical energy in the battery as chemical energy.  

charging cable: A cable that is connected to the electric vehicle for charging purposes. 

3.2 Charger terms 

charging connector: A connecting apparatus equipped with the charger in order to charge electric 

vehicles. 

control power supply: Power supply to supply dc power to communication control circuit in the 

charger, vehicle, and other accessories. 

converter: A device to convert ac power to dc power. 

earth leakage circuit breaker (ELCB): A device to detect errors and to break the circuit in case of the 

following errors: 

a) Earth leakage current from the power line 

b) Overcurrent on the power line 

earth fault detection: To detect earth fault. 

earthing: To electrically connect the enclosure and metallic pipes, etc., to the earth with electric 

wires. 

8 
Information on references can be found in Clause 2. 
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electric vehicle (EV): A vehicle using an electric motor as a powertrain. 

electric vehicle (EV) contactor: A switching device on dc charging circuit to on-board battery. 

electric vehicle supply equipment (EVSE)): The equipment that controls charging and discharging 

current to and from a vehicle. It comprises an indicator, charge/discharge cable assemblies, and so 

on. 

enclosure: Exterior of the charger, including the knob, handle, grip, and so on etc. 

error frame: A data frame that is transmitted when a bus error is detected. 

ground fault (sometimes described as earth fault): 

Electrically energized condition where the insulation state between main circuit and ground earth, 

including insulation deterioration between dc power circuit and charger enclosure or vehicle 

chassis. 

ground fault detection: To detect ground fault. 

inverter: A device to convert dc power to ac power. 

main circuit: An electric circuit to supply dc charging current to on-board battery, which consists of 

power receiving part from input ac power, converting circuit from ac current to dc charging current 

and charging current output circuit. 

main power supply: Power supply to supply dc power to on-board battery. 

on-board battery: A battery for propulsion mounted on an electric vehicle. 

on-board dc 12 V power supply: An auxiliary electric vehicle battery used for communication and 

charging control. 

opto-coupler: An element that converts electric signals to light and transmits it as a signal. 
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3.3 Communications terms 

ID: A name that is given to classify data information and transmission node. 

vehicle relay: The switch that controls the electric vehicle contactor. 

4. Conventions 

4.1 General 

This standard uses binary and hexadecimal notation of fields in text and tables. The interpretation of 

the bit and nibble ordering in these fields adheres to the rules described in 4.2 through 4.7, unless 

specifically defined otherwise within Annex A or Annex B. 

4.2 Binary representation 

Binary fields are used with a prefix of “0b” to indicate the binary (or base-2) nature of the data. The 

field starts with the most significant bit (MSB). A general binary representation of a field has the 

following format: 

 0bBn…B1B0 

with bit “Bn” representing the MSB and bit “B0” representing the least significant bit (LSB). 

Examples: 

a) 0b001 In this example, “1” is the LSB. The value of this field is equivalent to the value of 1 in 

decimal notation. 

b) 0b10000 In this example, “1” is the MSB. The value of this field is equivalent to the value of 

16 in decimal notation. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:52:33 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2030.1.1-2021

http://www.avadocuments.com/doc/ieee-2030-1-1-2021
http://www.avadocuments.com/doc/ieee-2030-1-1-2021


4.3 Hexadecimal representation 

Hexadecimal (Hex) fields are used with a prefix of “0x” to indicate the hexadecimal (or base-16) 

nature of the data. The field starts with the most significant nibble of the fields. Hex digits A, B, C, D, 

E, and F are capitalized. 

A general hexadecimal representation of a field has the following format: 

 0xHn…H1H0 

with nibble “Hn” representing the most significant nibble and nibble “H0” representing the least 

significant nibble. 

Examples: 

a) 0x00E In this example, “E” is the least significant nibble. 

b) 0xE00 In this example, “E” is the most significant nibble. 

A hexadecimal field can be converted into a binary field by replacing each nibble with the 

corresponding binary value (following the representation of binary fields). 

In this standard, the term “octet” is used to identify two consecutive nibbles of data (i.e., a bit string 

of length 8). The term “byte” is synonymous with the preferred term, “octet.” The use of the term 

“byte” has been preserved in normatively referenced material. 

Hexadecimal numbers can also be represented in the following form: 

 H’n,….1,0 

4.4 Decimal representation 

Values specified in decimal are coded in natural binary unless otherwise stated. 
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The use of the decimal point in base-10 decimal numbers indicates the separation between units on 

the left and tenths of units on the right. This standard does not use a comma for the same purpose. 

Commas are used to separate units of one thousand and one hundred, one million and one-hundred 

thousand, and so on. 

4.5 Transmission sequence 

See Annex A, Annex B, and Annex C for their specific transmission sequence. 

4.6 Equations Formulas 

Multiplication is represented as an “×” rather than as an “x” to avoid confusion with hexadecimal 

numbers and variables. 

4.7 Units of measure 

Metric units are used. Interpretations of common units of measure are as follows: 

 ― k (analog) = 1000 

 ― K (digital) (e.g., kilobits) = 1024 (2
10

) 

 ― M (analog) = 1 000 000 

 ― M (digital) = 1 048 576 (2
20

) 

 ― n (analog) = 10
−9 

 ― Ω = Ohm 
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5. Common requirements 

5.1 Background 

In electric vehicles, the charger may be located internally on board or externally to off board the 

vehicle. When the charger is internal to on board the vehicle, it is developed for the specific type and 

size of the battery used in the vehicle. Simple ac voltage may be connected to the on-board charger’s 

power inlet. However, it may be difficult to charge large batteries quickly using common residential 

ac voltage and current. If the charger is external to off board the vehicle, it requires communication 

with the battery control system. This communication protocol may be different by vehicle model, so 

external off-board chargers can be designed to accommodate multiple technologies. The benefit is 

that dc chargers can provide more charging energy to the vehicle, which can reduce charge time 

(“quick charging”). 

Clause 5 describes the common requirements pertaining to collaborative actions between electric 

vehicles and quick chargers. 

Annex A and/or Annex B shall be used to implement these charging systems. 

5.2 Requirements 

These requirements are “common” requirements for the specifications in Annex A and Annex B. 

a)  General: 

1) Device shall be able to indicate to the user the status of the charging process and take 

corrective actions if required. 

2) Both the charger and the vehicle shall be equipped with a means to confirm they stay 

physically and/or electrically connected with each other during charging. 

3) The charger shall be equipped with a means to stop charging in the case that 

communication between the vehicle and the charger (via the communications interface) 

is interrupted. 
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4) When the protective conductor between the charger and the vehicle is disconnected, the 

charger shall stop charging within 10 s. 

5) The charger shall be able to detect loss of isolation, short circuit, and ground earth faults. 

6) The charger shall be equipped with an overvoltage protection function. 

7) The system shall be designed so that a level of voltage that is dangerous to the human 

body shall not be applied on the charging connector when the connector is not connected 

to the vehicle. 

8) The system shall be designed to prevent users from touching electrically energized parts 

on the vehicle and the charger. 

9) The charger shall be equipped with a means of earth leakage current detection and 

automatic disconnection to help prevent electric shock. 

10)  The charger or charging connector shall be equipped with measures (e.g., plastic cap on 

connector power terminals) to reduce the risk of contact with exposed live parts as a 

measure against remaining electric charge on the charging connector. 

11)  The charger shall be equipped with a means of protection against overload and short 

circuit in the ac main circuit or internal circuit of the charger. 

12) The charging system shall be designed so that the voltage level between any accessible 

conductive parts, including charging cable and charging connector, and any grounding 

parts decreases to less than 60 V within 1 s or less, after connector removal from station 

or vehicle. 

b) Communications: A data communications interface shall be used to transmit parameters 

required for charging control. The charger and vehicle shall exchange the parameters 

through the interface. 

c) Outdoor/indoor conductive charging: The charger shall be designed to endure the following 

environmental conditions: 
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1) IP degree (outdoor): more than or equal to IP44. 

2) IP degree (indoor): more than or equal to IP41: In the following country, the Rain Test in 

UL 2202 is applicable: U.S. 

1) The charger enclosure shall have a rating of IP33 or higher. 

2) Ambient temperature (outdoor): −25°C to 40 °C. 

3) Ambient temperature (indoor): −10 5 °C to 40 °C:. 

   In the following country, the test at –35 °C may be required in UL 2231-1: U.S. 

4) Ambient humidity: 5% to 95%. 

5) Altitude: Charger shall work at 1000 m or lower between the atmospheric pressures of 

860 hPa and 1060 hPa. 
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Annex A 

(normative) 

CHAdeMO specifications 

A.1 Scope of application 

This annex describes specifications that shall be incorporated into the designs of electric vehicles and 

quick chargers in order to enable efficient and rapid charging between electric vehicles and quick 

chargers. 

This annex describes specifications pertaining to collaborative actions between electric vehicles and 

quick chargers. Design firms and manufacturers shall also reference relevant international 

specifications, listed in Clause 2, and domestic laws/regulations on electrical equipment. 

IEC 61851-23:2014 [B40 B39] and IEC 61851-24:2014 [B41 B40] have specified general requirements 

on dc EV charging station.
9
 
5 
System A in Annex AA of IEC 61851-23:2014 and System A in Annex A 

of IEC 6185124:2014 have given specific requirements for dc EV charging station, which use the same 

interface and digital communication method given in this annex. This annex gives detailed 

specification for charging station and vehicle manufacturers, which conform to Annex AA of IEC 

61851-23:2014 and Annex A of IEC 61851-24:2014. 

In the following country, UL 2202 is applicable as a safety standard: U.S. 

A.1.1 Protocol number and changing protocol in case of the different 

versions 

Any revisions to specification documents shall be recorded in the revision history, along with the 

description of the changes or additions made. The CHAdeMO control protocol number is assigned 

to manage software compatibility between charger and vehicle developed under different 

specification versions. 

9 5 
The numbers in brackets correspond to those of the bibliography in Annex C D. 
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A.2 Vehicle coupler 

Vehicle coupler shall conform to IEC 62196-3 Standard sheets for configuration “AA.” In the 

following country, UL 2251 is applicable as a safety standard: U.S. Shapes and dimensions of the 

vehicle coupler in A.17 are given for information only.
6
 

A.2.1 Vehicle inlet 

Vehicle inlet shall comply with IEC 62196-3 standard sheets for configuration AA as a connected 

object of the vehicle coupler that is part of the charging cable assembly, and its soundness shall be 

confirmed. 

In the following country, UL 2251 is applicable as a safety standard: U.S. 

A.2.2 Charging cable 

The charging cable should consist of power wires and signal wires, and it shall comply with 

international standards such as IEC or the requirements in national standards of each country. The 

power wires and signal wires shall have conductor size and electric wire coating material that is 

appropriately designed for the charging current. In addition, the signal wires that are applicable to 

CAN communication shall be twisted pair wires in order to reduce conductive noise of differential 

mode signals. 

In the following country, UL 62 is applicable as a safety standard: U.S. 

A.3 Installation conditions and main specifications 

The manufacturer shall manufacture the charger with a design that conforms to the following: 

 a) Standard usage conditions as shown in Table A.1 

 b) Panel-related specifications as shown in Table A.2 and Table A.3 

6 
Information on references can be found in Clause 2. 
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c) Device specifications as shown in Table A.4 37 

d) Design specifications as shown in Table A.5 4 

Table A.1—Standard usage conditions 

 

In Table A.1, a test at –35 °C may be required in UL 2231-1 in the following country: U.S. 

 

 

 

 

 

 

 

 

 

 

 

7 

Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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Table A.2—Panel-related specifications 

 
(New) 
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(Deleted) 

 

a 
Basic or Reinforced insulation shall be implemented on the secondary side of the isolation 

transformer against the primary one. In the following country, the potential shall be 1000 V plus 

twice the maximum rated voltage: U.S. 

b 
In the following country, the Rain Test in UL 2202 is applicable: U.S. 

Table A.3—Test voltage of the impulse withstand voltage test 

 
(New) 
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Table A.4—Device specifications 

 
(New) 
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(Deleted) 

 

a 
Minimum conversion efficiency recommended by CHAdeMO. 

b 
Refer to A.11.5.3.3. 

c 
Refer to A.5.5 and A.11.5.3.2. 

Table A.5—Design specifications 

 
(New) 
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(Deleted) 

 

A.4 Requirements for basic design of the charger and the vehicle 

A.4.1 Charging method 

The Constant current control charging method shall be adopted is used for charging. The vehicle 

shall send transmit a charging current request to the charger at a constant time interval. The charger 

shall output dc current for charging corresponding that corresponds to the request order value. The 

charger shall regulate the output current in response to the change in the request If the order value 

from the vehicle changes, the charger shall vary output current that follows the new value. 

A.4.2 Control signal line 

Dedicated control signal lines shall be used to transmit signals concerning the start and termination 

of charging. 

A.4.3 Data communications 

A data circuit shall be used to transmit parameters required for charging control. The charger and 

vehicle shall exchange the parameters through the circuit. 
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A.4.4 Essential functions 

The essential functions are as follows: 

a) Connection confirmation (Proximity detection): Both the charger and the vehicle shall be 

equipped with a means to confirm that they stay connected with each other. The vehicle that 

applied to “Plug and Charge” (see NOTE) shall supply the “connector proximity detection” 

line with a 12 V signal. The charger shall detect the status of connector mating and use it as a 

trigger to start charging. However, the vehicles before version 1.2 that do not supply the 

“connector proximity detection” line with a 12 V signal is not applicable during charging. 

  NOTE—Instantly starting charge at the same time that connect mating is confirmed.
10 

b) Power supply shutdown upon communications disruption: 

1) The charger shall be equipped with a means to stop charging immediately in the case 

that communication between the vehicle and the charger (via the control signal lines or 

data communication lines) is interrupted. 

2) In addition to data communication, there shall be a means that the vehicle instructs the 

charger to stop charging. When the vehicle detects disruption of data communication, 

the charger shall be notified to stop charging by the means. 

c)  Prevention of false-drive (requirement for the vehicle): 

1)  The vehicle shall monitor the status of the connection between the vehicle and the 

charger and shall have be equipped with a means to prevent drive the vehicle while the 

charging connector it is connected with to the vehicle inlet (including charger (whether it 

is before and after during charging). 

 

10 
Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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2)  The vehicle shall use a “connector proximity detection” circuit for the confirmation of a 

connection excluding the period from the point at which the “vehicle charge permission” 

circuit is turned on to the point at which the EV contactor is opened. 

d)  Detection of protective conductor disconnection between charger and vehicle and charging 

termination: When the protective conductor between the charger and the vehicle is 

disconnected, the charger shall stop charging immediately. 

e)  Detection and protection of ground earth fault on the dc power circuit: During charging, the 

charger shall detect any ground earth fault on the dc power circuit. In the event that ground 

earth fault is detected in the dc power circuit, the charger shall stop applying dc voltage or 

supplying dc current to the charging cable immediately. If equipped, the on-board fault 

detection of the vehicle shall not interfere with the ground earth fault detection capability of 

the dc charger. 

f)  Protection against short circuit in the dc power circuit: The charger shall have means to 

protect itself and vehicle and prevent problems in the power supply such as the ac mains 

from short circuit. In addition, the dc power circuit and exposed live parts of a charger shall 

be properly designed to prevent a short circuit that may be caused by water leakage and 

ingress of foreign materials. 

e) DC short circuit protection: The charger shall be equipped with a short circuit protection 

function. 

g)  Prevention of overvoltage in vehicle system on on-board systems: The charger shall have 

means to limit be equipped with an overvoltage in protection function on vehicle systems. 

h)  Charge current interruption function: The vehicle shall have contactors with sufficient 

capacity to break charge current. 
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i)  Protection of EV contactor: The charger shall continue to provide dc 12 V to the EV 

contactor, keeping both switch (d1) and switch (d2) turned on, until the output charging 

current has become less than or equal to 5 A. This requirement shall also be applied to the 

event of an abnormality including power failure, load fluctuation, pressing of the emergency 

stop button, and so on. 

j)  Safety design for receiving stop signals: The charger shall stop charging when it receives a 

stop instruction by either “control signal” or “CAN communication.” 

h) Protection of EV contactor: 

To protect the EV contactor, the charger shall follow the procedure in item 1), 2), and 3) of 

this subclause when stopping the power supply to the control relay of the EV contactor. This 

procedure shall be observed even in the event of ac input power blackout or voltage drop of 

ac input power. See A.7.2.8. 

  Procedure for stopping the control power supply (power supply to the EV contactor) 

1) Stop the charging current. 

2)  Stop the power supply to the control relay of the EV contactor. 

3)  Open the EV contractor. 

k)  Voltage and current measurement: The charger shall have welding detection capability for 

monitoring the EV contactor. See A.10 means to measure voltage and current in the output 

circuit. 

i) Design of hardware associated with the stop signals: The stop signals from the vehicle to the 

charger shall be redundant. Charging processes shall be stopped in the event that analog 

signal or CAN data signal calls for the “stop” state. The charger shall be equipped with a 

mechanism to ensure terminating operation according to stop request from the vehicle. 
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j) Voltage measurement and check: The charger shall be equipped with a means of measuring 

charging cable voltage in order to judge whether voltage may be applied to the vehicle 

circuit and charging connector may be removed. 

l)  Error logging function: The charger and the vehicle shall have be equipped with a means to 

store and display of storing the error information for users and maintenance personnel and 

investigating its cause when malfunctions occur on the other side. 

m)  Charging cable assembly: The charger shall be equipped with the charging cable assembly in 

compliance with the requirements defined in A.2.2, A.4.7, A.5.4, and A.13 and the maximum 

output voltage and current of the charger. 

A.4.5 Protection against electric shock 

The live parts of the charger and the vehicle charging system shall be designed so as to prevent users 

from approaching live parts on the vehicle and the charger. 

The voltage or electric charge of a level harmful charging system shall be designed so that a level of 

voltage that is dangerous to the human body shall not be applied to on the vehicle inlet and the 

charging connector during the normal insertion or release of the charging connector, removal action 

as well as when the charging connector has been disconnected by fall situation due to an accident. 

In case the accessible live parts on the charger or the charging cable assembly have been exposed, 

the charging system shall be designed so that voltage level between the exposed any accessible 

conductive parts , including charging cable and the protective earthing conductor shall be charging 

connector, and any grounding parts decreases less than 60 V within 1 s after the exposure 

appearance of live parts on the charger in the case of normal operation or abnormal situation. 

The charger shall have be equipped with a means of earth leakage current detection and automatic 

disconnection functions to prevent electric shock. 
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The vehicle shall have the function (e.g., redundant EV contactors), structure, or combination of 

function and structure to avoid high voltage being applied to application on the vehicle inlet even 

when the if welding of EV contactors has occurred. Alternatively, the vehicle shall have the function 

or structure (e.g., protection cover for the vehicle inlet) to prevent users from touching live parts of 

(e.g., redundant EV contactors and protection cover for the vehicle inlet in such a case). 

The charger or charging connector shall not be released when energized be equipped with measures 

(e.g., plastic cap on connector power terminals) to reduce the risk of contact with exposed live parts 

as a measure against remaining electric charge on the charging connector. 

The charger shall reduce the charging current to less than or equal to 5 A within 30 ms after the 

control signals are interrupted during energization. The control signals for detecting the interruption 

can be selected by charger manufacturers. 

The charger shall have a circuit breaker for protection against short-circuit/overload current and 

ground fault/earth leakage at the receiving point of electricity. To satisfy the requirements for 

function maintenance of the control circuit, it is recommended the charger shall have a circuit 

breaker (AC-ELCB1 and AC-ELCB2 drawn in Figure A.1) on each of the branched circuits just after 

the branch of the main circuit and the control circuit. Although the circuit breakers may be installed 

in the upstream of the charger, it is necessary to instruct installers to install the circuit breakers 

equipped with adequate performance. 

NOTE—AC-ELCB (Earth Leakage Circuit Breaker) can be replaced with an alternative equivalent 

equipment. 

The charging cable assembly shall have sufficient strength and preventive measures against 

mechanical stresses under normal use. The connector holder of the charger shall be located at a 

height ranging between 0.5 m to 1.5 m above ground. 
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A.4.6 Overload current Overcurrent protection 

The charger shall have a function against overload and short-circuit current to prevent hazards in 

the power supply. The charger and the vehicle shall have a function against overload and short 

circuit in each circuit in order to protect each other and shall have a protective coordination to 

protect the charging cable and accompanying circuit from short circuit and overload current. 

The charger shall be equipped with a means of protecting itself and ac main circuit against overload 

(over current) and short circuit. 

A.4.7 Fire or heat hazard protection 

The cross-sectional size of the conductor of power wires in a charging cable shall be greater than or 

equal to the “reference cable size” defined in Table A.6 (see NOTE in table). Also, the requirements 

for a charging cable having a cross-sectional size less than the reference cable size are defined in 

A.5.4.3. 

The cable size of the protective conductor shall be 0.75 mm
2 
or more. 

Table A.6—Cross section of conductor for power wires of charging cable 

 
(New) 

 

NOTE—Even when the cross-sectional size of the conductor of power wires in a charging cable 

greater than or equal to the “reference cable size,” the requirements of A.5.4.3.1 and A.5.4.3.2 can be 

applied in order to prevent the welding of the EV contactor in case of a short circuit. In the following 

country, wire size shall comply with UL 2251: U.S. 
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A.4.8 CPU monitoring 

The charger and vehicle shall each monitor its own CPU status. Any malfunction or failure affecting 

charge control capability shall result in a termination to the charge operation, initiated by the vehicle 

or dc charger. 

A.5 Circuit requirements 

A.5.1 Main circuit 

Basic configuration of main circuit is shown in Figure A.1. 

 

Figure A.1—Typical circuit configuration 

A.5.1.1 Isolation of input ac and output dc circuits 

Input ac circuit and output dc circuit shall be separated by reinforced insulation or double 

insulation. In the following country, insulation shall comply with UL 2202: U.S. 
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A.5.1.2 Separation of main power supply and control power supply 

Main power supply unit (power supply to supply charging current to on-board battery) and control 

power supply unit (see A.5.2 and A.5.3) shall be diverged at receiving point of electricity in the 

charger. Each of the branched circuits shall have circuit breakers (AC-ELCB1 and AC-ELCB2 shown 

in Figure A.1) that protect short-circuit/overcurrent and earth fault. 

A.5.1.2 Function maintenance of the control circuit 

Even in the case when an abnormality if a fault occurs in on the main power supply circuit, the 

control functions, such as controlling and communicating power supply circuit shall remain active 

to maintain the control/communications function with the vehicle and, as well as the function for 

protecting and monitoring the charger itself, by the control circuit shall not be terminated. 

A.5.1.3 Reverse current prevention diode 

The charger shall have a be equipped with reverse current prevention diode in on the output circuit 

in order to prevent reverse current flowing from the traction on-board battery to the charger, 

including inrush and to prevent reverse current flowing to the on-board battery. 

The main circuit on the downstream of the reverse current prevention diode shall meet the following 

requirements. 

a) In case that there are capacitive components, the inrush current shall be 20 A or less when 

the EV contactors are closed. 

NOTE 1—Compliance is checked with the condition that no connecting components exist 

between P and N on the vehicle-side main circuit between the EV contactor and the vehicle 

inlet. 

b) The components connected in the series on the downstream of the reverse current 

prevention diode shall meet one of the following conditions: 
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1) No fuse shall be installed. 

2) Insulation between the internal wiring downstream of the reverse current prevention 

diode and other output circuit shall be at least double insulation or equivalent. 

c) If there are any components that connect P and N, the downstream of the reverse current 

prevention diode shall require one of the following conditions: 

1) Rapid-type fuse rated 2 A or less shall be provided. 

2)  In the downstream of the reverse current prevention diode, single failure shall not cause 

a dead short circuit. 

NOTE 2—The single failure means a failure of discrete component or a sequence of 

failures. 

d) Cross section of DC charging cable conductor shall be at least 22 mm
2
. 

e) Fuse that is possible to protect against a short circuit shall be provided on the vehicle. 

A.5.1.4 Current-limiting fuse 

A.5.1.4.1 Requirements for charger 

The charger shall have a be equipped with current-limiting fuse (passive device) in on the output 

circuit in order, so as to protect itself and the output circuit between a vehicle inlet and a vehicle fuse 

from the prevent short circuit of P and N of the output circuit if charging cable is accidentally 

connected in reverse polarity. The requirements of the current-limiting fuse of the charger are shown 

in Table A.7 shall be in the immediate cut-off type (Rapid type fuse) and its breaking capacity shall 

be below 250 A. Select a fuse that provides short-circuit protection of the charger, charging cable, 

and charging connector. The current-limiting fuse shall be installed on the anode side of reverse 

current prevention diode. See Figure A.1. 

NOTE—A similar protective mechanism should be equipped on the vehicle circuit. 
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Table A.7—Specification of the current-limiting fuse 

 
(New) 

 

A.5.1.4.2 Requirements for vehicle 

The vehicle shall have the means to protect the vehicle circuit in accordance with the requirements 

of ISO 17409. The operating joule-integral of the fuse on the vehicle side shall be less than or equal to 

2.5 MA
2
s. 

A.5.1.5 Coordination of short-circuit current protection and overload 

current protection 

A.5.1.5.1 Requirements for charger 

The charger shall comply with the following requirements. In addition, if a charging cable with the 

cable size of the power lines being less than the reference cable is installed, the charger shall not only 

comply with the requirements of A.5.1.5 but also protect the charging cable by the current-limiting 

fuse inside the charging connector as defined in A.5.4.3.1. 

A.5.1.5.1.1 Short-circuit current protection 

The charger shall be equipped with a short-circuit protection function. The charger shall interrupt 

the short-circuit current immediately by using an inverter gate block of the charger as soon as the 

short circuit between P and N of the output circuit is detected. However, the overload current shall 

be interrupted by the gate block earlier than the specification of the short-circuit current protection 

specified by each charger manufacturer, which is defined in A.5.1.5.1.2. 
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If a charging cable with the cable size of the power lines more than or equal to the reference cable 

size is installed, the short-circuit withstand rating (operating joule-integral I²t) of the wiring 

including the charging cable in the output circuit of the charger shall be more than or equal to 6.4 

MA²s. 

If a charger equipped with the current limiting fuse in the connector is installed, the charging 

connector latch shall not be released when the current limiting fuse is blown. 

A.5.1.5.1.2 Overload current protection 

There are cases where the wiring including the charging cable in the output circuit of the charger 

and the cable of the vehicle side cannot be protected by the current limiting fuse of the charger. 

Therefore, the charger shall shift to an error stop within 5 s after the output current is larger than the 

error judgment value defined in Table A.8 is detected. 

Table A.8—Overload current protection 

 
(New) 

 

A.5.1.5.2 Requirements for vehicle 

The vehicle shall interrupt the short-circuit current and the overload current by using protective 

means such as the fuse on the vehicle side in case the cable of the vehicle side cannot be protected by 

the short-circuit protection and the overload current protection. 
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A.5.1.6 Power supply to the vehicle 

The charger shall have a prepare dc 12 V power supply to provide power for the to operate EV 

contactor, and so on. The (described in A.5.2). This dc 12 V power supply shall be provided by the 

obtained from control circuit and shall not be influenced by abnormality in the main circuit (e.g., 

earth leakage and overload current) as described in A.5.1.2 and item i) in A.4.4 power supply 

described in A.5.1.2. 

The requirements of the That is, control power supply shall be installed on the circuit configuration 

that has no influence from malfunctions on the main power supply circuit. Power supply to the 

vehicle shall be defined comply with the specifications shown in Table A.9 5. 

Table A.9—Requirements of power supply to the vehicle 

 
(New) 

 

 
(Deleted) 
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A.5.1.7 Current and voltage measurement 

The charger shall be equipped with a measuring equipment to measure its output current and 

voltage and current in the output circuit. The output voltage shall be measured at a point between 

the reverse current prevention diode and the charging connector. between 

When placing the current-limiting fuse on the vehicle side of the reverse current prevention diode, 

the output voltage shall be measured at a point between the current-limiting fuse and the and 

charging connector. 

The measured voltage shall adjust to the voltage value of connector terminals taken into account 

voltage drop in charging cable, and utilizes the charging control described in A.7.2.6. 

A.5.1.8 Earthing, grounding, and protective conductor 

A.5.1.8.1 General requirements 

Protective earthing conductors of the input circuit shall be connected to the protective conductor of 

the output circuit without any resistance. 

A.5.1.8.2 AC input circuit side 

a) Conductive parts such as enclosures shall be earthed with protective conductors. 

b) Standards regarding earthed conductors shall comply with technical specifications in each 

country. 

c) Design and install the earthed and protective contactors with consideration of electrical noise 

reduction and electrical shock protection best practices. 

A.5.1.8.3 DC output circuit side 

a) Earth terminals in the charger shall be connected to ones in the vehicle by protective 

conductor in the charging cable. 
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b)  Protective conductor described in A.5.2 shall be directly connected to earth terminals of the 

charger rather than via the enclosure of the charger. 

c)  Chassis ground terminal in the vehicle shall connect to the vehicle chassis. 

f) DC earth leakage current monitoring device (see A.5.1.9) shall be connected to earth 

terminals of the charger. The following insulation conditions shall be monitored: 

1) Between secondary side circuit (from secondary side of insulation transformer) and 

charger enclosure 

2) Between charging circuit of the vehicle and vehicle chassis 

g) In the event that the protective conductor between charger and vehicle is disconnected, the 

charger shall stop applying voltage and supplying current to the charging cable by passive 

stop of the communication with control signal line (“Vehicle charge permission” line) 

between the charger and the vehicle. 

A.5.1.7.3 General requirements 

The protective conductor shall be connected without resistance. 

A.5.1.9 Internal protection 

The charger shall have a mechanism for monitoring ground earth fault, short-circuit, overcurrent, 

and temperature rise inside the charger, as well as for and immediately disconnecting main circuit 

from external power grid upon detection of any fault. 
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A.5.1.10 Ground Earth fault detection on the dc output power circuit 

A.5.1.10.1 Basic requirements 

A leakage current monitoring device for detecting ground earth fault on dc power circuits 

(secondary circuit of the charger and vehicle-side circuit) shall be installed in the charger. Figure A.2 

and Table A.10 6 specify a detection circuit and detection sensitivity for dc leakage current 

monitoring. Requirements for the monitoring device are given in item e) of A.7.2.87.2. The insulation 

monitoring device on the vehicle shall be disabled while the EV contactors are closed, and it shall 

not affect the operation of the leakage current monitoring in the charger while the vehicle is 

connected with the charging connector. 

The charger shall stop in the event of leakage detection and shall not be operable until the expected 

operating conditions are satisfied. 

 
(New) 
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Figure A.2—DC leakage current monitoring circuit 

Table A.10—Specification of dc leakage current monitoring 
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a
In the operation voltage less than 60 V, the criteria of 100 Ω/V may be not applicable. [In some 

countries, 100 Ω/V criterion is required from operation voltage of 50 V (UL-standard)]. However, the 

charger shall be able to detect 0 Ω fault at less than 60 V operation voltage. 

A.5.1.10.2 Failure detection of ground fault detection circuit (Self-

diagnostic function) 

The charger shall check the integrity of its ground fault detection circuit in the period from when 

switch (d1) is turned on to when switch (d2) is turned on. The charger shall shift to an error stop 

process in case a failure in the ground fault detection circuit is detected. The charger shall at least 

diagnose the following defined items: 

a) Open failure and short-circuit failure of resistance R 

b)  Open failure of ground fault detection circuit (e.g., open detecting resister of ground fault 

current) 

c)  Open failure of power lines 

d)  Open failure of protective earthing conductor 

e)  Voltage abnormality of control power (including short circuit of power lines) 
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A.5.1.11 Overvoltage protection in the event of EV contactor interruption 

The charger shall control the output have overvoltage protection function to keep applied voltage to 

not exceed the maximum value shown in Table A.11 to protect a vehicle system in case EV 

contactors are opened on charging connector lower than 600 V during charging. in order to protect 

on-board systems against the following faults: 

 ― Voltage over shoot in the event that “Charge current request” is changed 

― Voltage rise in the event of EV contactor interruption during charging (including the voltage 

uprising resulting from a control by the charger to maintain target current value) 

Table A.11—Requirements of the overvoltage protection 

 
(New) 

 

A.5.1.12 Support for EV contactor welding detection 

The charger shall have the following output circuit characteristics described in A.7.5 to support the 

EV contactor welding detection (see A.10 for details):. 

a)  Within 1 s after the vehicle opens the EV contactor, the voltage in the output circuit of the 

charger shall be reduced to less than or equal to 25% of the voltage before opening the EV 

contactor. 

b)  Within 2 s after the vehicle opens the EV contactor, the voltage in the output circuit of the 

charger shall be reduced to less than or equal to 10 V. 
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A.5.1.13 Charger protection against overvoltage including voltage surge 

The charger and the vehicle shall satisfy the following requirements in order to prevent the 

disconnection of the protective conductor due to the ground fault in the output circuit of charger: 

a)  The surge protective device (SPD) shall not be installed at the vehicle between P and GND or 

N and GND. 

b)  When the surge protective device (SPD) is installed at the charger between P and GND or N 

and GND, the SPD shall not cause a short circuit with the single fault between P and GND or 

N and GND. 

c)  Y capacitors or any other device shall not cause a short circuit with the single fault between 

P and GND or N and GND (see NOTE 1). 

However, chargers and vehicles should install the SPD such as a bidirectional Zener diode (see 

NOTE 2) on the CAN communication circuit. Installation of the SPD on other sequence circuits is 

recommended. 

NOTE 1—Y capacitors designed as fail open type can be placed between P and GND or N and GND. 

NOTE 2—See IEC 61643-12. 

It is preferable to use voltage surge protection device depending on the usage environment. The 

criterion of selecting a surge protection device is included in IEC 61643-12 [B38]. 

A.5.1.14 Output circuit requirements 

A.5.1.14.1 Inrush current 

Inrush current through the power lines of the charging connector when the EV contactor is closed 

shall be less than or equal to 20 A. 
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A.5.1.14.2 Impedance requirements for charger 

The impedance between P and N of the output circuit of the charger from the reverse current 

prevention diode to the tip of the charging connector shall meet the requirements that follow during 

the time period from (d2) ON to charging current request (H’102.3) that becomes more than or equal 

to 1 A: 

 ― Capacitance: Less than or equal to 1 μF 

 ― Resistance: More than or equal to 40 kΩ 

In addition, the charger shall comply with the requirements defined in Table A.12 to prevent electric 

shock from touching the live parts. 

Table A.12—Requirements for preventing electric shock 

 
(New) 

 

A.5.1.14.3 Circuit requirements 

The output circuit of the charger shall meet either of the following requirements a) or b). In addition, 

either the requirement c) or d) shall be satisfied if an element connecting P and N exists: 

a)  No fuse shall exist in series with the output circuit from the reverse current prevention diode 

to the tip of the charging connector. However, the following cases are excluded: 

1)  When the current-limiting fuse is placed to the vehicle side of the reverse current 

prevention diode, double insulation or reinforced insulation shall be implemented in the 

output circuit from the reverse current prevention diode to the current-limiting fuse 

between P and N. 
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