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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — HYDROPHONES -

Part 2: Calibration for ultrasonic fields up to 40 MHz

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization con nrisi g
all national electrotechnical committees (IEC National Committees). The object of IEC is tc pro.note
international co-operation on all questions concerning standardization in the electrical and electroric fic'ds. To
this end and in addition to other activities, IEC publishes International Standards, Technica. 3pe ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referreu to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committec interested
in the subject dealt with may participate in this preparatory work. International, goveiamental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC ~c'laborates closely
with the International Organization for Standardization (ISO) in accordance with ccdition: determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as i 2urly s possible, an international
consensus of opinion on the relevant subjects since each technical commit.>e his representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international 1<~ and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made t~-enc re that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for tte weay in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National C.mm.:itees undertake to apply IEC Publications
transparently to the maximum extent possible in their nationc! and regional publications. Any divergence
between any IEC Publication and the corresponding natio.;al o regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of coi formity. Independent certification bodies provide conformity
assessment services and, in some areas, acc:as .0 IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificatian vou. .s.

6) All users should ensure that they have the laf:st edition of this publication.

7) No liability shall attach to IEC or its ¢'vrec.> =, employees, servants or agents including individual experts and
members of its technical committees anc IEC National Committees for any personal injury, property damage or
other damage of any nature wk~tso>ver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the . chlica® on, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normauve references cited in this publication. Use of the referenced publications is
indispensable for the ~z-rec. application of this publication.

9) Attention is drawn tc the pjossibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall ~ot be held responsible for identifying any or all such patent rights.

DISCLAIN.SR
This Conso.'dated version is not an official IEC Standard and has been prepared for
user cunvenience. Only the current versions of the standard and its amendment(s) are
tc be cinsidered the official documents.

L " AR,

This Consolidated version of IEC 62127-2 bears the edition number 1.2. It consists of the
first edition (2007-08) [documents 87/353/CDV and 87/372/RVC] and its corrigendum 1
(2008-08), its amendment 1 (2013-02) [documents 87/519/FDIS and 87/527/RVD] and its
amendment 2 (2017-03) [documents 87/612/CDV and 87/639/RVC]. The technical content
is identical to the base edition and its amendments.

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is
available in this publication.
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International Standard IEC 62127-2 has been prepared by IEC technical committee 87:
Ultrasonics.

IEC 62127-1, IEC 62127-2 and IEC 62127-3 are being published simultaneously.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of IEC 62127 series, published under the general title Ultrasonics —
Hydrophones, can be found on the IEC website.

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

The committee has decided that the contents of the base publication and its amendmunts will
remain unchanged until the stability date indicated on the IEC web s.e _nder
"http://webstore.iec.ch" in the data related to the specific publication. At thkio daie, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

The spatial and temporal distribution of acoustic pressure in an ultrasonic field in a liquid
medium is commonly determined using miniature ultrasonic hydrophones. These devices are
not absolute measurement instruments and require calibration. The purpose of this part of
IEC 62127 is to specify those calibration methods to be used in determining the response of a
hydrophone in the ultrasonic range, i.e. above 20 kHz up to a frequency of 40 MHz. The main
hydrophone application in this context lies in the measurement of ultrasonic fields emitted by
medical diagnostic equipment in water. Hydrophone behaviour over this wide frequency band
is required in order to reliably characterize the acoustic parameters of the applied acoustic
field. In particular, the frequency range above 15 MHz is important to fully characterize thic
equipment, primarily due to the increased appearance of high-frequency components i the
ultrasonic signals, caused by nonlinear propagation. In addition, the number of I.edi:al
ultrasonic systems that use frequencies above 15 MHz, particularly intra-operative prabe=. 1s
growing. It has turned out in recent years that the hydrophone response below 0.5 MHz > aiso
required to reliably determine the peak-negative (rarefactional) acoustic pressure.

While the term "hydrophone" can be used in a wider sense, it is understood h>re as referring
to miniature piezoelectric hydrophones. It is this instrument type that is usea «day in various
areas of medical ultrasonics and, in particular, to characterize quantitat’vely the..ield structure
of medical diagnostic instruments. With regard to other pressure sencar es, such as those
based on fibre optics, some of the requirements of this standard are app ‘cable to these as well
but others are not. If in the future these other "hydrophone" types ¢ain more importance in
field measurement practice, their characteristics and calibra.or will have to be dealt with in a
revised version of this standard or in a separate one.

NOTE This standard covers the ultrasonic frequency range, froi.. 20 «kHz to an upper frequency of 40 MHz.
Standards dealing with hydrophone properties (IEC 62127-3) ¢nd ..ydrophone use (IEC 62127-1) are being
developed in parallel as part of a programme of maintenancs activit.2s aimed at restructuring and merging, where
possible, all existing ultrasonic hydrophone standards. This will + ventually lead to unified standards covering the
whole field of practical hydrophone application.
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ULTRASONICS — HYDROPHONES -

Part 2: Calibration for ultrasonic fields up to 40 MHz

1 Scope

This part of IEC 62127 specifies:

e absolute hydrophone calibration methods;

e relative (comparative) hydrophone calibration methods.

Recommendations and references to accepted literature are made for the various rc'ativ> and
absolute calibration methods in the frequency range covered by this standard.

This standard is applicable to

e hydrophones used for measurements made in water and in the ultrasor.’ = fre Juency range
up to 40 MHz;

NOTE 1 Although some physiotherapy medical applications of medical ultrc s5ound are developing which
operate in the frequency range 40 kHz to 100 kHz, the primary frequ~nc' range of diagnostic imaging remains
above 2 MHz. It has recently been established that, even in the lat.x1 22~e, the hydrophone response at
substantially lower frequencies can influence measurements made i Key >coustic parameters [1].

e hydrophones employing circular piezoelectric sonscr e.cments, designed to measure the
pulsed wave and continuous wave ultrasonic fields ¢encrated by ultrasonic equipment;

NOTE 2 Some hydrophones can have non-circular aci 2 elements, arising from slight deviations from a
circular structure caused, for example by electrode structure, or conversely, the active elements can actually
be squares. The clauses within this standard rer ain valid, although, in these cases, special attention should
be paid to the directional response and to th-.ef.2ctive radii of the active element through various axes of
rotation.

e hydrophones with or without'a hy<.or hone pre-amplifier.

2 Normative references

The following referenced docuinents are indispensable for the application of this document. For
dated references, or!; thc edition cited applies. For undated references, the latest edition of
the referenced docut nen (including any amendments) applies.

IEC 60050-80', ‘'nternational Electrotechnical Vocabulary — Chapter 801: Acoustics and
electroacoustics

IEC 605135, Underwater acoustics — Hydrophones — Calibration in the frequency range 0,01 Hz
to . Mr.:z

‘EC 01161, Ultrasonics — Power measurement — Radiation force balances and performance
requirements

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

IEC 61828, Ultrasonics — Focusing transducers — Definitions and measurement methods for the
transmitted fields
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