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European foreword
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EN IEC 61828:2021.
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This document supersedes EN 61828:2001 and all of its amendments and corrigenda (if any).
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patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard/1EC'61828:2020" was "approved 'by CENELEC as a European
Standard without any modification.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS —-TRANSDUCERS - DEFINITIONS AND MEASUREMENT
METHODS REGARDING FOCUSING FOR THE TRANSMITTED FIELDS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international “uniformityy |[EC/National Committees undertake’ to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national,or-regional-publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies(

All users should enstre-that'they-have-thelatest-edition'of this-publication’

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61828 has been prepared by IEC technical committee 87:
Ultrasonics.

This second edition cancels and replaces the first edition published in 2001. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

b)

c)

Clause 6 on Measurement procedures has been replaced by Clause 6: "Acoustic field
measurement: equipment" and Clause 7: "Measurement procedure" and related definitions.

Reorganization of definitions and measurement section to accommodate specific sets of
measurements for focusing, nonlinearity, beam axis alignment, beam area, beam maximum,
numerical projection, plane wave, high intensity therapeutic ultrasound, multiple sources,
spatial impulse response and compound plane waves. Clause 3 has been moved to
Annex B.

The normative references have been updated and the Bibliography has been expanded from
8 to 40 references.
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d) Twelve figures have been updated and seven new figures (B.1, B.3, B.7, B.10, B.11, B.12,
B.13, B.14) have been added to facilitate measurements and be consistent with
measurement terminology.

e) New measurements have been added for time delays, arrays, plane waves and spatial
impulse response.

f) Annex A has been expanded to provide general guidance on pulsed waves, system
responses, focusing gains and minimum beamwidth estimation.

g) New annexes have been added:
e Annex B (informative) Rationale for focusing and nonfocusing definitions
e Annex E (informative) Uncertainties;
e Annex F (informative) Transducer and hydrophone positioning systems;

e Annex G (informative) Planar scanning of a hydrophone to determine acoustic output
power;

e Annex H (informative) Properties of water;
In addition, Annex A was reorganized and new Clauses A.1, A.5 and A.6 were added.

h) Guidelines for remaining within the manufacturer’s pressure and intensity hydrophone limits
and the determination of the extent of nonlinearity in the field have been added.

The text of this International Standard is based on the following documents:

EDIS Reportion vating
87/746/FDIS 87/749/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This publication has been drafted'in accordance with’'the ISO/IEC Directives, Part 2.

NOTE 1 The following print types are used:
— Requirements: in roman type.
— Notes: small roman type.

— Words in bold in the text are defined in Clause 3.

NOTE 2 There are some inconsistencies in font type for symbols and formulae between some of the normative
references and this document. They will be resolved in a future revision of the normative references.

The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Focusing transducers are essential in medical applications for obtaining high-resolution
images, Doppler and flow data and for concentrating ultrasonic energy at desired sites for
therapy. This document provides specific definitions appropriate for describing the focused field
from a theoretical viewpoint for transducers with known characteristics intended by design.
Other specific definitions included in this document, based on measurement methods, provide
a means of determining focusing properties, if any, of a transducer of unknown field
characteristics. The measurement method and definitions provide criteria for determining if the
transducer is focusing, as well as a means of describing the focusing properties of the field.
Beam axis alignment methods and field characterization measurements are given for both
focusing and nonfocusing transducers.
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ULTRASONICS —-TRANSDUCERS - DEFINITIONS AND MEASUREMENT
METHODS REGARDING FOCUSING FOR THE TRANSMITTED FIELDS

1 Scope

This document

— provides definitions for the transmitted field characteristics of focusing and nonfocusing
transducers for applications in medical ultrasound;

— relates these definitions to theoretical descriptions, design, and measurement of the
transmitted fields of focusing transducers;

— gives measurement methods for obtaining defined field characteristics of focusing and
nonfocusing transducers;

— specifies beam axis alignment methods appropriate for focusing and nonfocusing
transducers.

This document relates to focusing ultrasonic transducers operating in the frequency range
appropriate to medical ultrasound (0,5 MHz to 40 MHz) for both therapeutic and diagnostic
applications. It shows how the characteristics of the transmitted field of transducers can be
described from the paint of view of design, as well as measured by_someone with no prior
knowledge of the construction details'of a particular.device. The'transmitted ultrasound field for
a specified excitation is measured by a, hydrophone in either a standard test medium (for
example, water) or in a given medium. This' document applies only to media where the field
behaviour is essentially like that in a fluid (i.e. where the influence of shear waves and elastic
anisotropy is small), including soft tissues;and tissue-mimicking gels. Any aspects of the field
that affect their theoretical , description or.are important in design are also included. These
definitions would have use in scientific.communications,.system design and description of the
performance and safety of systems using these devices.

This document incorporates definitions from other related standards where possible, and
supplies more specific terminology, both for defining focusing characteristics and for providing
a basis for measurement of these characteristics.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61689:2013, Ultrasonics — Physiotherapy systems — Field specifications and methods of
measurement in the frequency range 0,5 MHz to 5MHz

IEC 62127-3:2007, Ultrasonics — Hydrophones — Part 3: Properties of hydrophones for
ultrasonic fields up to 40 MHz
IEC 62127-3:2007/AMD1:2013

IEC TS 62556:2014, Ultrasonics — Field characterization — Specification and measurement of
field parameters for high intensity therapeutic ultrasound (HITU) transducers and systems

IEC 61161, Ultrasonics — Power measurement — Radiation force balances and performance
requirements
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