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Abstract: Covered in this guide is the application of surge protective devices (SPD) and
surge protective circuits (collectively called surge protectors) used to protect information and
communication technology (ICT) circuits, including smart grid. This guide is not intended to cover
individual surge protective components. Specifically excluded from this guide are stand-alone ac
power protectors.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users 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.

IEEE does not warrant or represent the accuracy or content 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. 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:
PROCUREMENT OF 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.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered 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, or 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 his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide 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 revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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 imply 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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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iecexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C62.43.1-2020, IEEE Guide for Surge Protectors and Surge Protective Circuits
Used in Information and Communication Technology Circuits (ICT), Including Smart Grid—Part 1 Applications.

This guide covers the application of surge protective devices (SPD) and equipment ports incorporating an
SPD used to protect information and communication technology (ICT) circuits, including smart grid. This
guide is not intended to cover individual surge protective components. Specifically excluded from this guide
are stand-alone ac power protectors.
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IEEE Guide for Surge Protectors
and Surge Protective Circuits Used
in Information and Communication
Technology Circuits (ICT), Including
Smart Grid—Part 1 Applications

1. Overview

1.1 Scope

This guide covers the application of surge protective devices (SPD) and equipment ports incorporating an
SPD used to protect information and communication technology (ICT) circuits, including smart grid. This
guide is not intended to cover individual surge protective components. Specifically excluded from this guide
are stand-alone ac power protectors.

1.2 Types of surge protectors covered by this guide

This guide covers two types of surge protectors: Non-linear and linear, as illustrated in Figure 1. Configurations
of the surge protectors are covered in 1.3.

Documents

13 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRY Sl @:2820 JrFEANNSiS sesekveiks:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.43.1-2020


http://www.avadocuments.com/doc/ieee-c62-43-1-2020
http://www.avadocuments.com/doc/ieee-c62-43-1-2020

IEEE Std C62.43.1-2020
IEEE Guide for Surge Protectors and Surge Protective Circuits Used in Information and
Communication Technology Circuits (ICT), Including Smart Grid—Part 1 Applications

Surge Mitigation Functions

Non-linear Limiting Linear Suppression
T
. I
1 1
Overvoltage Frequency Selective
I
I I I I
Continuous Discontinuous .
Characteristic’ Characteristic? LEHpEES EETEHpEES RlElREES
Common-mode/ Common-mode/
Differential-mode Mitigation Differential-mode Mitigation

Continuous Discontinuous i
Characteristic’ Characteristic? m Neutralising EMC Choke

' Clamping characteristic
2 Switching characteristic, has a switching transition

Figure 1—Types of SPDs

1.3 Surge mitigation techniques

For common-mode surge to a load with functional bonding, some mitigation options are shown in Figure 2.

. . a) Shunt b) In-line c) Series & d) Common- e) Series Protected
Equipotential voltage isolating shunt filter mode choke current load
conductor group limiter transformer limiter

m
c
: %}
[0)
49
!
Screened version

Reference potential and functional bonding

Figure 2—Common-mode surge mitigation options

The filter has both series and shunt elements, hence a bonding (C) connection (see Figure 5), and is five-
terminal. The isolating transformer might have a screen connection making it a five-terminal component. The
voltage limiter is shown as a metal oxide varistor (MOV) for convenience, but it could be any form of voltage
limiter.
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a) Shunt b) In-line c) In-line d) Series Protected
voltage isolating filter current load
limiter transformer limiter

T A O O R R

_!lL V £ 1% |

Reference potential and functional bonding

Figure 3—Differential-mode surge mitigation techniques

Differential-mode surge can be balanced or functionally bonded, so the mitigation is usually not reliant on
functional bonding (see Figure 3).

The isolating transformer here only provides mitigation through frequency response difference to surge and
the wanted service or core saturation. The in-line filter also has to have a different response to surge and
service frequencies.

1.4 Surge protector configurations covered by this guide
1.4.1 Non-linear surge protectors

The surge protectors covered are series, parallel, or both combinations of non-linear, linear, or both elements.
Non-linear surge protectors limit voltage, or current, or both. Linear surge protectors generally attenuate the
effects of a surge. Figure 4 is based on Figure 1 of IEEE Std C62.36™-2016 and illustrates functional block
diagrams for the non-linear surge protectors covered by this guide.

The surge protectors covered by this guide are to be tested by means of the connections or terminations that are
used when the surge protector is installed in the field. For surge protectors that are intended to be used with a
base or connector, that base or connector is part of the tests.
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TWO - TERMINAL DEVICES

Configuration 2A

87,

Configuration 2B

THREE — TERMINAL DEVICES

Configuration 3A

FOUR - TERMINAL DEVICE

Xy0— —o Y,
vV,

Xy0— — Y,

Configuration 3B

FIVE — TERMINAL DEVICE

Xio— — Y,
YA

Xo0— — Y,

§c

RERRRRRRIHIIEERRRRR

Configuration 4

| = current-limiting function

V= voltage-limiting function

X, X, = signal input terminals
Y., Y, = signal output terminals

REEERRRRIRIIIERRRRRS

Configuration 5

Z,, Z, = signal terminals shared by input and output lines

C = common terminal

NOTE 1—The V,| designation in Figure 4 indicates that a surge protector can have a voltage-limiting

function, a current-limiting function, or both.’

NOTE 2—Surge protectors intended for coaxial cable circuits are tested using Configuration 3A.
Outer conductors of the transmission lines are connected to the common terminal of the surge

protector during the tests.

NOTE 3—Surge protectors intended for twinaxial cable circuits are tested using Configuration 5.
Outer conductors of the transmission lines are connected to the common terminal of the surge

protector during the tests.

Figure 4—SPD non-linear configurations covered by this guide

1.4.2 Linear surge protectors

Figure 5 illustrates functional block diagrams for the linear surge protectors covered by this guide.
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e

K

X4, X3, X, = signal input terminals
Y., Y2, Y, = signal output terminals
C = common ground, C, = remote reference, C, = local reference

Figure 5—SPD linear configurations covered by this guide

The terms low-pass filter, high-pass filter, and band-pass filter designate categories. Filters in these categories
are implemented according to design objectives, e.g., maximally flat response in the pass-band (Butterworth),
steepest possible cutoff (Chebyshev), and linear phase. Of all possible designs, only linear phase preserves
waveforms. This is an important consideration for filters used in digital systems, especially those employing
QAM modulation, where any loss of waveform integrity can lead to transmission errors. The ability to
implement any of these designs might be constrained by the need to pass dc (either for power, or because of the
type of code used), which eliminates the possibility of capacitors in series with the line. Coaxial or waveguide
filters are often of transmission-line design, such as a quarter-wave stub.

Neutralizing transformers perform an SPD or surge cancellation function by transferring primary winding
voltage to the communications wire pairs, which opposes the common-mode surge voltage on the
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communications wire pairs. See IEEE Std 487.4™ for additional information on neutralizing transformers
[B20].

EMC chokes are actually two winding transformers used on paired conductors. They perform an SPD function
by placing the windings in series with a conductor and poled (phased) to give a transformer action that presents
high impedance to common-mode signals and low impedance to differential signals. Reference points at both
ends of the cable provide the return path for the common-mode surge current in order for the EMC choke to
work.

Linear and non-linear elements can be combined in an SPD.

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.

IEEE Std C62.36™-2016, IEEE Guide Test Methods for Surge Protectors Used in Low-Voltage Data,
Communications, and Signaling Circuits.'-

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online or the [EC Glossary should be consulted for terms not defined in this clause.’

non-resetting current limiting: Action of an SPD that limits current but does not reset after the disturbing
current is removed.

self-resetting current limiting: Action of an SPD that limits current and will self-reset after the disturbing
current is removed.

surge-protective component (SPC): Component specifically included in a device or equipment for the
mitigation of the onward propagation of overvoltages, or overcurrents, or both.

surge protector (SPD): A specific complete surge-protective device, as opposed to a component of a surge
protector or a generic surge-protective device.

voltage clamping type SPD: SPD that has high shunt impedance and will have a continuous reduction in
impedance with increasing current in response to a voltage surge exceeding the threshold level of the SPD.

NOTE—Examples of components used in voltage clamping type SPDs: varistors (e.g., MOV) and avalanche breakdown
diodes (ABD). See IEC 61643-21, ed. 1.0, AMD1: (2008-04) [B16].

voltage limiting: SPD clamping or switching action that restricts the overvoltage level.

'TEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA
(http://standards.ieee.org/).

*The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,
Incorporated.

SIEEE 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.
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voltage switching type SPD: SPD that has a high shunt impedance and will have a sudden and large reduction

in impedance in response to a voltage surge exceeding the threshold level of the SPD.

NOTE—Examples of components used in voltage switching type SPDs: air gaps, gas discharge tubes (GDT), and thyristor

surge suppressors (TSS). See IEC 61643-21, ed. 1.0, AMD1:1 (2008-04) [B16].

waveform: A manifestation or representation (that is, graph, plot, oscilloscope presentation, equation(s), table
of coordinate or statistical data, etc.) or a visualization of a wave, pulse, or transition. (IEEE Std C62.37-1996)

[B28].

3.2 Acronyms and abbreviations

AM
CATV
DSL
ECL
ESD
FAST

FM
GDT
HDSL
ICT
IoT
LAN
LED
MOV
MSPD
NEBS
ONT
PLC
PLN
PoE
POTS
PSE
QAM
SCADA
SDSL
SPD
TVS

amplitude modulation
community antenna television
digital subscriber line
electronic current limiter

electrostatic discharge

(G.fast) fast access to subscriber terminals (G indicates a G document in the ITU-T. See

[B33])

frequency modulation

gas discharge tube

high-density subscriber line
information and communications technology
internet of things

local area network

light emitting diode

metal oxide varistor

multiservice surge protective device
network equipment building system
optical network termination

power line communications
power-line networking

power over ethernet

plain old telephone service
power-sourcing equipment
quadrature amplitude modulation
system control and data acquisition
symmetric digital subscriber line
surge protective device

transient voltage suppressor
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VDSL very high digital subscriber line

4. Environmental conditions
4.1 Service conditions

Two categories of operating temperature and humidity for the application of surge protectors are covered in
this guide. Each category has an associated range of temperature and relative humidity. If an enclosure is used
for testing, it should be wired and mounted according to its intended use. The temperature and humidity listed
below are the ambient air test conditions.

a)  Controlled temperature and humidity
Temperature: 2 °C to 50 °C, unless otherwise specified.
Relative humidity: 10% to 80%
b)  Uncontrolled temperature and humidity
Temperature: — 40 °C to 70 °C, unless otherwise specified.
Relative humidity: 5% to 96%, except that above 50 °C the relative humidity can be reduced to 20%.

4.2 Test temperature and humidity

Where only one extreme temperature is specified for a characteristic, or if the specified range is narrower
than the full range of 4.1, the extreme temperature or narrow range represents the generally accepted worst-
case test condition for a generic protector technology within the application. If it is known beforehand that a
particular device technology causes a surge protector to be insensitive to temperature when testing a particular
characteristic, a room temperature within the range 20 °C to 25 °C can be used instead for that test.

If a temperature for a particular test is not specified, the specification value can be measured at any temperature
within the range of temperatures for the application (see 4.1). Tests related to lightning-caused surges need not
be done at temperatures below —20 °C.

The humidity of the test laboratory should be recorded during the test. The humidity should be in the range
30% to 60% relative humidity to avoid possible damage to test equipment, such as ESD.

4.3 General environmental considerations

After manufacture, SPDs have to be transported, possibly with intervening storage, and installed. The IEC
60721 series [B13], Classification of Environmental Conditions, covers environmental parameters and their
severities for the following situations:

— Storage

— Transportation

— Stationary use at weather protected locations

— Stationary use at non-weather protected locations
— Ground vehicle installations

— Ship installations

— Portable and non-stationary use
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Part 3 of the IEC 60721 series [B13] relates the estimated environmental conditions for the preceding
situations to the environmental testing procedures given in the IEC 60068 series, Environmental Testing [B9].
See Annex A for more details on environmental considerations and the use of these documents.

4.4 Environmental parameters for weather protected locations

The controlled temperature and humidity service condition is similar to the IEC 60721 class 3K3 environment
[B13]. The uncontrolled temperature and humidity service condition is similar to the IEC 60721 class 3K7
environment [B13] that has the possibility of condensation and ice formation. See Table 1.

Table 1—Environmental tests for weather protected locations

Recommended Severity
Test method

test Controlled (3K3) Uncontrolled (3K7)
Dry heat IEC 60068-2-2: Bb/Bd [B9] +40°C,16h +70°C,16h

Cold IEC 60068-2-1: Ab/Ad [B9] +5°C,16h —40°C,16h

Damp heat IEC 60068-2-56: Cb [B9] +30°C,85%RH,9 h +40°C,93%RH, 96 h
Condensation IEC 60068-2-30: Db variant 2 [B9] +40°C, 90%-100% RH,
2 cycles

4.5 Other parameters

Table 2 lists some tests that the SPD might require. See Annex A for a list of the standards.

Table 2—Miscellaneous tests

Test

Test method

Vibration (sinusoidal)

IEC 60068-2-6 Fc [B9]

Test Ea and Guidance: Shock

IEC 60068-2-27 [B9]

Wire and tag solderability

IEC 60068-2-20 Clause 4 [B9]

Salt spray IEC 60068-2-52 [B9]

Bump IEC 60068-2-29 Eb [B9]
Flammability IEC 60695-2-2 [B12] or UL-94
Abrasion of marking IEC 60068-2-70 Xb [B9]

Damp heat, steady state

IEC 60068-2-78 Cab [B9]

Change of temperature

IEC 60068-2-14 N [B9]

Enclosure protection (IP code)

IEC 60529 [B10]

Screw- and screwless-type conductor clamps

IEC 60999-1 [B14]

4.6 Specific application parameters

Some industry standards define a complete test suite, for example Telcordia GR-974-CORE [B47].

5. Paired copper conductors except Ethernet
5.1 Telecom application types for non-linear SPDs

This clause covers surge protectors intended to be installed at the end of paired-conductors ICT circuits,
central offices, and customer premises. For code requirements, see Article 725, Article 800, and Article 840
in the National Electrical Code® (NEC®) (NFPA 70) [B41]. For NEBS requirements, see GR-63 [B46] and
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GR-1089 CORE [B48]. The general theory of operation of protectors and filters is covered in IEEE Std
C62.43.0™ [B31]. Applicable standards are covered in the IEEE PC62.43.0™ bibliography [B31].

Table 3—Application for non-linear telecom surge protectors

Main characteristics
of an ICT circuit

Type of surge
protector

Example of services provided

Reference
clause

For use on dc only

Only voltage limiter

Power circuits

Voltage limiter and
current limiter

5.1.1

Foruseupto 1.1 MHz

Only voltage limiter

Voice, ADSL, HDSL, SDSL, T1 carrier,

Voltage limiter and
current limiter

low frequency 4 mA to 20 mA current loop

Upto 16 MHz

Only voltage limiter

ADSL2+, VDSL

Voltage limiter and
current limiter

Up to 50 MHz

Only voltage limiter

VDSL, VDSL2

Voltage limiter and
current limiter

Upto212 MHz

Only voltage limiter

G.fast

Voltage limiter and
current limiter

Table 4—Application for linear telecom surge protectors

Main characteristics
of an ICT circuit

Type of surge
protector

Example of services provided

Reference
clause

Foruseupto 1.1 MHz

Low-pass filter

EMC choke

Neutralizing
transformer

Voice, ADSL, HDSL, SDSL, T1 carrier, low
frequency 4 mA to 20 mA current loop

5.1.2

Upto 16 MHz

Band-pass filter

High-pass filter

Isolating
transformer

EMC choke

ADSL2+, VDSL

Up to 50 MHz

High-pass filter

VDSL, VDSL2

5.1.4

Upto212 MHz

High-pass filter

G.fast

5.1.5
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