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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — HYDROPHONES -
CHARACTERISTICS AND CALIBRATION IN THE
FREQUENCY RANGE FROM 15 MHz TO 40 MHz

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object 0 & is to promote
international co-operation on all questions concerning standardization in the electp d-electrqnic fields. To
this end and in addition to other activities, the IEC publishes International Sta \ Thei eparation is
entrusted to technical committees; any IEC National Committee interested(in the sub ith may
participate in this preparatory work. International, governmental and non-g gntal S liaising
with the IEC also participate in this preparation. The IEC collabgrates \ he [hternational

Organization for Standardization (ISO) in accordance with conditions d between the

two organizations.

The formal decisions or agreements of the IEC on technical_mafters exptes nearly as possible, an
international consensus of opinion on the relevant subjects si | commitee has representation
from all interested National Committees.

The documents produced have the form of recommenda; iona| use &hd are published in the form
of standards, technical specifications, technical repqits ®ri\guides are accepted by the National

Standards transparently to the maximum ext 9 i } rational and regional standards. Any
divergence between the IEC Standard and’the corredponding ‘Rational or regional standard shall be clearly

International Std S been prepared by IEC technical committee 87:

Ultrasonics.

is based~anthe following documents:

\ £\ FDIS Report on voting

) 87/203A/FDIS 87/209/RVD

e voting for the approval of this 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.

Annexes A, B, C, D and E are for information only.

The committee has decided that the contents of this publication will remain unchanged
until 2006. At this 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withdrawn;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 characteristics
and calibration of these hydrophones have been dealt with in a number of IEC standards in
the frequency range 0,5 MHz to 15 MHz. The purpose of this International Standard is to
extend this frequency range up to 40 MHz. The main hydrophone application in this context
is the measurement of ultrasonic fields emitted by medical diagnostic equipment in water.
It has turned out in recent years that hydrophone operation in the frequency range above
15 MHz is important to characterize fully this equipment, primarily due to the increased
appearance of high-frequency components in the ultrasonic signals, caused by nonlinear
propagation. In addition, the number of medical ultrasonic systems w e frequencies
above 15 MHz, particularly intra-operative probes, is growing.

ydrophone" types
gain more importance in field measurement practlc ies and calibration will

have to be dealt with in a revised version of this

In agreement with present measurenr pnes are dealt with in this
International Standard as amplitude as phase sensors. If phase
i ) this standard would need revision,
with more rigorous requirements being\nec ind of measurement.

NOTE 1 Accordingly, the hyd N\ € { i tpod as a real quantity (expressing the ratio of
amplitudes) throughout this ati !

8 y
hydrophone calibratidn_upNo 15 MNz™\a ed byMhe International Standards IEC 60866 and IEC 61101. In
practice, the useful € €

above 15 MHz It ha
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ULTRASONICS — HYDROPHONES -
CHARACTERISTICS AND CALIBRATION IN THE
FREQUENCY RANGE FROM 15 MHz TO 40 MHz

1 Scope

This International Standard is applicable to

+  hydrophones employing piezoelectric sensor elements, designed to measure the pulsed
and continuous-wave ultrasonic fields generated by ultrasonic equipmen

«  hydrophones used for measurements made in water and in the freguy
15 MHz and 40 MHz;

+ hydrophones with or without an integral amplifier;

nge between

«  hydrophones with a circular piezoelectrically active eleme

This International Standard specifies

« relevant hydrophone characteristics;

.« methods of determining directional respo
relative or comparative measurements;

spho sensitivity based on

and describes

istics and calibration of hydrophones for operation in the
9 15 MHz

technique in the frequency range 0,5 MHz to 15 MHz

IEC 61102:1991, Measurement and characterisation of ultrasonic fields using hydrophones in
the frequency range 0,5 MHz to 15 MHz

IEC 61161:1992, Ultrasonic power measurement in liquids in the frequency range 0,5 MHz
to 25 MHz 1
Amendment 1 (1998)

IEC 61828:—, Ultrasonics — Focusing transducers — Definitions and measurement methods
for the transmitted fields 2

1 There exists a consolidated edition 1.1 (1998) that includes IEC 61161 (1992) and its amendment 1 (1998).
2 To be published.
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3 Definitions

For the purposes of this International Standard, the following definitions apply.

3.1

acoustic centre

the point on or near a transducer from which the spherically divergent sound waves emitted
by the transducer, and observable at remote points, appear to diverge

[definition 3.3 of IEC 60866]

3.2
beam-alignment axis
used for alignment purposes only, beam-alignment axis is a straight |j

erelément group

and A is the wavelength of the ultrasound correspondiqg frequency. The

second hemisphere has a radius of curvature either

3.3

directional resp e
directional resp
description, generally

3.4
effective rad
effective radius™s sdrophone active element

radius of a stiff receiver hydrophone which has a predicted directional response
function with an angular width equal to the observed angular width. 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 a; and ag respectively

[definitions 3.4 of IEC 61101 and 3.13 of IEC 61102]
Symbols: a, a3, ag

Unit: metre, m

3.5

electric load impedance

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

Symbol: Z;
Unit: ohm, Q


https://standards.iteh.ai/catalog/standards/iec/2bf203fc-1c22-4a98-af08-567bebe2a24f/iec-62092-2001

-8- 62092 O IEC:2001(E)

3.6

end-of-cable loaded sensitivity

end-of-cable loaded sensitivity of a hydrophone

ratio of the instantaneous voltage at the end of any integral cable or connector of a
hydrophone, when connected to a specified electrical input impedance, to the instantaneous
acoustic pressure in the undisturbed free field of a plane wave in the position of the acoustic
centre of the hydrophone if the hydrophone were removed

[definitions 3.5 of IEC 61101 and 3.14 of IEC 61102, modified]
Symbol: M,

Unit: volt per pascal, V/Pa

3.7
end-of-cable open-circuit sensitivity
end-of-cable open-circuit sensitivity of a hydrophone

wave in the position of the acoustic centre of the hydrop
removed

[definition 3.15 of IEC 61102, modified]
Symbol: M,

Unit: volt per pascal, V/Pa

3.8

far field
the sound field at a distance from the
pressure and particle velogi

instantaneous values of the sound

NOTE 1 b€ spherically divergent from a point on or near the
radiating surface. Hence the C k sound source is approximately inversely proportional to the
distance from the sg,

NOTE 2 The term " ig i } national Standard only in connection with non-focusing source
transducers. For focusing ifferent ferminology for the various parts of the transmitted field applies

(see IEC 61828).

Symbol: a,
Unit: metre, m
3.10

hydrophone
transducer that produces electrical signals in response to waterborne acoustic sighals

[See 3.4 of IEC 60866 and 3.19 of IEC 61102]
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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

integral amplifier

active electronic device connected firmly to the hydrophone and reducing its output
impedance

NOTE 1 An integral amplifier requires a supply voltage (or supply voltages).

NOTE 2 The integral amplifier may have a forward voltage transmission factor of less
necessarily be a voltage amplifier in the strict sense.

e, i.e., it need not

3.13
pulse duration

1,25 times the interval between the time when the time xare of the

[definition 3.30 of IEC 61102, modified]

3.14

uncertainty

parameter, associated with the resul
the values that could reasonably be att

[See 2.2.3 of the ISO/IEC Guide to the

4 List of symbols

a
g
Amax
a
Ag
BIA
e
= frequency
f; = fundamental drive frequency of a signal used to generate non-linear distortion
fy = upper frequency limit of the stated frequency band of a hydrophone
F = geometric focal length of a focusing transducer
k = circular wave number
M, = end-of-cable open-circuit sensitivity

3 Numbers in square brackets refer to the bibliography in annex F.
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end-of-cable loaded sensitivity

harmonic number

pressure amplitude

path length from the transducer rim to a field point

lateral distance from the beam-alignment axis (Rpaxe, Rmaxy: Maximum values
with respect to avoiding edge-wave and head-wave interference, respectively)

arrival time of the nearest head wave
time available for a free-field measurement in time delay spectrometry
acoustic transmission factor

speed of a radial wave in a transducer plate

beam width of the fundamental-frequency field compone

small-signal, plane-wave ‘a
liquid (water)

non-linearity

non-liiear distortion parameter

pulse duration or burst duration (T ae, Tmaxn: Maximum values with respect
to avoiding edge-wave and head-wave interference, respectively)

circular frequency
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5 Hydrophone characteristics

5.1 General

For a full characterization of the hydrophone performance in the frequency range of this
International Standard, the following information is required.

5.2 Basic information

The following shall be briefly stated:

- the basic physical principles of the transduction process, the type of
the form and geometrical dimensions (diameter, thickness) of the
element;

« the configuration and design of the hydrophone;

NOTE 1 In the case of a membrane hydrophone, for example, it is importa K : ydfophone is
of the coplanar or the bilaminar type.

« whether or not an integral amplifier is included in thed

hydrophone.

The frequency of the fundamental th
should also be stated.

5.3 Hydrophone class

demand the highest pexrforms ecificatiens for every standard device. Two classes of

hydrophones, Class ed for standardized measurement purposes in
the frequency r

Hz) are therefore specified as follows.
The end-of-cable /se Wi e hydrophone unit (with or without an integral
amplifier) as a i ftequency shall be constant, over a stated bandwidth of at least

one octave ip ange from 15 MHz to 40 MHz, with a tolerance of +2 dB for
Class 1 and ¥4 d n addition, it shall not vary by more than +0,5 dB (Class 1)
and 1 ithin any frequency increment of 1 MHz falling inside the frequency
band state

NOTE 1 The upperfrequency limit of the stated frequency band establishing the class of the hydrophone will
appear frequently and Beweferred to as f, in this International Standard.

NOTE 2 The bandwidth criteria for Class 1 and Class 2 hydrophones relate to their ability to measure accurately
acoustic fields within which a range of frequency components are present. Typically, but not exclusively, the full
quantitative characterization of ultrasonic fields within the frequency range of this standard will require the use of a
Class 1 hydrophone. In contrast, Class 2 hydrophones will be appropriate for use when relative measurements
are required, for example in the determination of the spatial characteristics of a field.

NOTE 3 Rather similar hydrophone classes having, however, different names, namely Class A and Class B, have
been defined in IEC 60866. Note that the two standards cover different frequency ranges and that the class
definitions in the two standards therefore do not interfere with each other. If a hydrophone whose useful frequency
range is sufficiently broad is to be qualified under both standards, four combinations of hydrophone classes are
possible as follows: Class A + Class 1; Class A + Class 2; Class B + Class 1; Class B + Class 2.
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5.4  Sensitivity

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

If an integral amplifier contributes to the sensitivity value given, this shall be stated.

NOTE 1 "End-of-cable" refers to the end of the output cable of the hydrophone unit, with or without an integral
amplifier.

It shall be stated whether the sensitivity value given is understood as 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.

NOTE 2 Table A.1 summarizes overall measurement uncertainties of calibration

techniques.

the uncertainty
applies shall be stated. For the purposes of this standard Xy & certainty values

described.

5.5 Frequency response

The hydrophone sensitivity ¢y $hall be stated either graphically or as
a list of values and over\a freg 0 ehtaining at least the frequency band claimed
under 5.3. If it is givex i or as)discrete points in a graph, the frequency
distance between adj greater than 1 MHz, as far as the frequency

The frequency resp girehn terms of absolute sensitivity values or in a relative
representation, rglatjve 2 to the absolute hydrophone sensitivity at a certain
frequency. ative representation, the reference sensitivity and the
frequency todwhith i ieg shall be stated.

sensitivity sta enf\accarding to 5.4. If it is understood as referring to different conditions,
this shall be tlearly) stated and formulas shall be given for interrelating the various
sensitivities.

If the uncertainty of the sensitivity values in the frequency response representation differs
from the general uncertainty assessment of 5.4, this shall be clearly stated and the new or
additional uncertainty be given. In case the frequency response is presented graphically
only, the additional uncertainty due to reading of 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, the sensitivity
statement according to 5.4 may be omitted.

NOTE 1 The frequency response and, hence, the hydrophone class, may depend on the electric load conditions.

NOTE 2 If in a practical application the hydrophone is used with subsequent electronic components such as
amplifier, oscilloscope etc., the frequency response of the whole system is, of course, influenced also by the
frequency response of these additional components.
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