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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - HYDROPHONES -

Part 3: Properties of hydrophones for ultrasonic fields up to 40 MHz

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of [t is to promote
international co-operation on all questions concerning standardization in the electrigcal| and ele ronic f|e|ds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides q
Publication(s)”). Their preparation is entrusted to technical committees; any | i 9 i{tee ipterested
in the subject dealt with may participate in this preparatory work. : ti \

Publications is accurate, IEC cannot b
misinterpretation by any end user.

4) In order to promote |nternat|ona| unlformlt ; i mittees undertake to apply IEC Publications
and regional publications. Any divergence
gional publication shall be clearly indicated in

5) o¥al and cannot be rendered responsible for any

6)

7) exyployees, servants or agents including individual experts and
National Committees for any personal injury, property damage or
éther direct or indirect, or for costs (including legal fees) and

se of, or reliance upon, this IEC Publication or any other IEC

8) e references cited in this publication. Use of the referenced publications is

ion of this publication

9) Q_the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE& shalMot be held responsible for identifying any or all such patent rights.

This consolidated>vérsion of IEC 62127-3 consists of the first edition (2007) [documents
87/354/CDV and 87/373/RVC] and its amendment 1 (2013) [documents 87/530/FDIS and
87/535/RVD]. It bears the edition number 1.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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International Standard IEC 62127-3 has been prepared by IEC technical committee 87:
Ultrasonics.

The French version of the standard has not been voted upon.

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 amendment will
remain unchanged until the maintenance result date indicated on the website under
"http://webstore.iec.ch" in the data related to the specific publicatje is date, the
publication will be

* reconfirmed,

+ withdrawn,

* replaced by a revised edition, or
*+ 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. The properties of
these hydrophones have been dealt with in a number of IEC standards in various aspects.
The purpose of this part of IEC 62127 is to bring together all these specifications and to
establish a common standard on the properties of ultrasonic hydrophones. The main
hydrophone application in this context is the measurement of ultrasonic fields emitted by
medical diagnostic equipment in water. Other medical applications are field measurements for
therapy equipment such as that used in lithotripsy, high-intensity focused ultrasound (HIFU)
and physiotherapy. Hydrophones are also used extensively in non-medical applications for
both product development and quality control including:

— mapping of the ultrasound field within ultrasonic cleaning baths;
— characterization of acoustic fields used in transmission mea

areas of ultrasonics and, in particular, to quantitativ
medical diagnostic instruments. With regard to(othe

S have been applied almost exclusively as amplitude
an be seen and it is increasingly considered useful to have
ich, however, is only possible if the phase characteristics of
een determined during calibration. In this standard, therefore,
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ULTRASONICS — HYDROPHONES -

Part 3: Properties of hydrophones for ultrasonic fields up to 40 MHz

1 Scope
This part of IEC 62127 specifies relevant hydrophone characteristics.

This standard is applicable to:

— hydrophones employing piezoelectric sensor elements, designed t
and continuous wave ultrasonic fields generated by ultrasonic equij

e_the pulsed

— hydrophones used for measurements made in water;

— hydrophones with or without an associated pre-amplifier.

2 Normative references

he terms and definitions given in IEC 62127-1,

anted graphically, of the response of a hydrophone, as a function of
the incident plane sound wave, in a specified plane through the

NOTE Definition adopted from IEC 60565:2006.

3.2
effective hydrophone radius

@ns @h3s @phe

radius of a stiff disc receiver hydrophone that has a predicted directional response function
with an angular width equal to the observed angular width

NOTE 1 The angular width is determined at a specified level below the peak of the directional response function.
For the specified levels of 3 dB and 6 dB, the radii are denoted by an3 and ane respectively.

NOTE 2 The radius is usually the function of frequency. For representative experimental data, see [1].

NOTE 3 The effective hydrophone radius is expressed in metres (m).
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3.3

electric load impedance

Z

complex electric input impedance (consisting of a real and an imaginary part) to which the
hydrophone or hydrophone assembly output is connected or is to be connected

NOTE The electric load impedance is expressed in ohms (Q).

3.4

end-of-cable
specification that relates to the end of the integral output cable if the hydrophone or
hydrophone assembly is provided with such a cable; if the hydrophone or hydrophone
assembly is not provided with an integral output cable, the specification relates to the output
connector firmly connected with the hydrophone or hydrophone ass to an extra
cable

3.5
end-of-cable loaded sensitivity

ratio of the instantaneous voltage at the end of any nteg put connector of a
hydrophone or hydrophone assembly, when cified electric load
|mpedance to the instantaneous acoustic pres free field of a plane

[ e if the hydrophone were

M,

ratlo of the mstatanous i age at the end of any integral cable or output
connector of a fre ins grieous acoustic pressure in the undisturbed free
field of a plane ‘wa ROSiti the reference centre of the hydrophone if the

ivity is expressed in volts per pascal (V/Pa).

NOTE 2 This correspondg to\the ield sensitivity as defined in IEC 60565:2006, 3.15.

3.7
free field
sound field in a
negligible

sQmoyeneous and isotropic medium in which the effects of boundaries are

NOTE Definition adopted from IEC 60565:2006, 3.13.

3.8

hydrophone geometrical radius

geometrical radius of a hydrophone active element

a
g

radius defined by the dimensions of the active element of a hydrophone

NOTE The hydrophone geometrical radius is expressed in metres (m).

3.9
hydrophone
transducer that produces electric signals in response to waterborne acoustic signals

[IEV 801-32-26]
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3.10
hydrophone assembly
combination of hydrophone and hydrophone pre-amplifier

3.11
hydrophone axis
nominal symmetry axis of the hydrophone active element

NOTE Unless stated otherwise (explicitly and quantitatively) by the manufacturer, it is understood for the purposes
of this standard that this is given by the apparent geometrical symmetry axis of the hydrophone.

3.12

hydrophone pre-amplifier
active electronic device connected to, or to be connected to, a particu
reducing its output impedance

drophone and

NOTE 1 A hydrophone pre-amplifier requires a supply voltage (or supply voltagé

NOTE 2 The hydrophone pre-amplifier may have a forward voltage transf yJan one, i.e. it

need not necessarily be a voltage amplifier in the strict sense.

3.13
reference centre

NOTE 1 Unless stated otherwise (explicitly/and\ qua
element.

NOTE 2 Definition adopted from IEC 60565, 3.

3.14
uncertainty
parameter, associated ement, that characterizes the dispersion of

o the measurand

NOTE 1 See the ISO f y pressioq of Oncertainty in Measurement [2], 2.2.3

NOTE 2 Definition a

4 List of
ag h
a, effective phone radius (a3, a,g: with special reference to a 3dB or 6 dB

speed of sound in a medium
frequency

c

f

M general symbol for the complex hydrophone sensitivity, M= |M| being its modulus and
arg(M) being its argument (= phase angle)

M. end-of-cable open-circuit sensitivity

M,  end-of-cable loaded sensitivity

Z, complex electric output impedance of a hydrophone or hydrophone assembly
Z,  electric load impedance

o angle of incidence of an ultrasonic wave with respect to the hydrophone axis (65, 05:
with special reference to 3 dB and 6 dB defined levels)
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5 Hydrophone characteristics

5.1 General

For a full characterization of the hydrophone performance in the frequency range of this
standard, the following information is required. Examples of information on hydrophone
characteristics are provided in Annex A.

NOTE Determination methods are covered in IEC 62127-2.
5.2 Basic information

The following shall be briefly stated:

— the basic physical principles of the transduction process, the type

— the nominal direction of ultrasonic incidence in refatiq
NOTE The last point is important, as it has
hydrophone.

The following should be briefly stated:

— in the case of a
(preferably a@
General note relating
equals the argumef drophone sensitivity) should be stated in addition to the
sensitivity (which\e 5’ of the complex hydrophone sensitivity), as well as the

frequency depende j phase angle in addition to the frequency dependence of the
sensitivity.

5.3 Sens

The end-of-cable :
V/Pa or in decimal submultiples, or as a logarithmic level in dB with reference to a stated
sensitivity value.

If a pre-amplifier contributes to the sensitivity value given, this shall be stated.

It shall be stated whether the sensitivity value given is understood as the end-of-cable open-
circuit sensitivity or as the end-of-cable loaded sensitivity. In the latter case, the relevant
electric loading conditions shall be stated, i.e. the electric load impedance, in order to obtain
the stated sensitivity.

The uncertainty of the stated sensitivity shall be given.

The frequency interval over which the sensitivity is given and over which the uncertainty
applies shall be stated. For the purposes of this standard, sensitivity and uncertainty values
may be given separately for several frequency intervals.
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The methods by which the sensitivity and its uncertainty have been obtained shall be
described.

The temperature dependence of the sensitivity shall be given. The hydrophone sensitivity shall
be stated as a function of the water temperature, at least over the temperature range 19 °C to
25 °C, or the particular water temperature to which the stated sensitivity relates, shall be stated
together with the temperature coefficient of the sensitivity.

A recommended calibration period shall be provided in the instructions for use. This
recommendation shall be followed, unless otherwise stated by specific device application
standards.

NOTE 1 A calibration period of one year will be appropriate in most cases.

The reference centre shall be stated if the sensitivity does not relate A9 ical centre

of the front surface of the hydrophone active element.

NOTE 2 This is particularly important for any phase considerations.

The direction of acoustic incidence shall be stated if the
incidence in the direction of the hydrophone axis.

5.4 Frequency response

5.41 Stated frequency band

The frequency band claimed for the hydropho rophone assembly shall be stated by

5.4.2 Frequency depen

The end-of-cabl
as a function of freg

list of values or as discre i a graph, the frequency distance between adjacent points
should be lo 50 th important details of the frequency dependence are shown and
the sensitivit by more than +1 dB between adjacent points.

representation,~relative with reference to the absolute sensitivity of the hydrophone or
hydrophone assembly at a certain frequency. In the case of the relative representation, the
reference sensitivity and the frequency to which it applies shall be stated.

The statement of the frequency response shall refer to the same conditions (i.e. loaded or
open-circuit output of the hydrophone or hydrophone assembly) as the sensitivity statement
in accordance with 5.3.

If the uncertainty of the sensitivity values in the frequency response representation differs
from the general uncertainty assessment of 5.3, this shall be clearly stated and the new or
additional uncertainty shall be given. If the frequency response is presented graphically only,
the additional uncertainty due to reading the graph shall be less than 10 % of the total
uncertainty listed.

If the frequency response is given as a list of absolute sensitivity values (end-of-cable, loaded
or open-circuit), the sensitivity statement in accordance with 5.3 may be omitted.

NOTE 1 The frequency response might depend on the electric load conditions.
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