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This fedline version of the official IEC Standard allows the user to identify the changes mﬂde to
the pfrevious:edition IEC 63041-1:2017. A vertical bar appears in the margin wherever a cha
has heenimade. Additions are in green text, deletions are in strikethrough red text.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC SENSORS -
Part 1: Generic specifications

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for,the<“way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC NationakCommittees undertake to apply IEC Publid
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 63041-1 has been prepared by IEC technical committee 49: Piezoelectric, dielectric and
electrostatic devices and associated materials for frequency control, selection and detection. It

is an

International Standard.

This second edition cancels and replaces the first edition published in 2017. This edition
constitutes a technical revision.

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

a) the new terms "piezoelectric sensor system" and "wireless SAW sensor system" and their

d
b) n
c) s
d) a

A

e)

bfinitions have been added;

ew types of sensor modules and sensor system have been added;
bme symbols of sensor elements are added in Clause 4;

new Figure B.3 has been added in Annex B;

hnex C has been added.

The fext of this International Standard is based on the following documehnts:

Full i
the 4

The |

This
acco
at w
desc

A list
can |

The
stabi
spec

—

€

e W

Draft Report on vating

49/1357/CDV 49/1364/RV:C

bove table.
anguage used for the development of thisslnternational Standard is English.

document was drafted in accordance*with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iet.ch/standardsdev/publications.

of all parts in the IEC 63041 series, published under the general title Piezoelectric se
e found on the IEC website.

ity date indicated on the IEC website under webstore.iec.ch in the data related t
fic documént. At this date, the document will be

confirmed,

ithdrawn,

hformation on the voting for its approval can be found in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Par¥’1 and ISO/IEC Directives, IEC Supplement, available

are

1SOrs,

tommittee has decided that the contents of this document will remain unchanged untjil the

b the

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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PIEZOELECTRIC SENSORS -

Part 1: Generic specifications

Scope

This part of IEC 63041 applies to piezoelectric sensors of resonator, delay-line and non-

acouptic types, which are used in physical and engineering sciences, chemistry
biochemistry, medical and environmental sciences, etc.

The
and

piezgelectric sensors and how to use them correctly.

2

The

constitutes requirements of this document. For dated references, only the edition cited ap

For

amendments) applies.

IEC

IEC

purpose of this document is to specify the terms and definitions for piezoelectric sen
o make sure from a technological perspective that users understand\ithe state-

Normative references

flollowing documents are referred to in the text in such a way, that some or all of their co

undated references, the latest edition of the referenced document (including

%0027 (all parts), Letter symbols to be used in electrical technology

and

sors,
pf-art

ntent
blies.
any

dieleptric and electrostatic devices and associated materials for frequency control, selgction

and

IEC
use

IEC

resomances of piezoelectric crystal units

IEC

IEC

ISO

}0050-5612944, International Electrotechnical Vocabulary — Part 561: Piezoelectric,

etection

©0122-2-1, Quartz crystal units\for frequency control and selection — Part 2: Guide t

©0444-9, Measurement of quartz crystal unit parameters — Part 9: Measurement of spu

©0617, Graphical symbols for diagrams, available at https://std.iec.ch/iec60617

$3041%3:2020, Piezoelectric sensors — Part 3: Physical sensors

PR850-1:1999 _Samnpling nrocedures for inspnection by attributes — Part 1:- Samplina sch
7 g P N L P4 g 7

D the

bf quartz crystal units for frequency control and selection — Section One: Quartz—efystal
urits|crystals for microprocessor clock supply

rious

bmes

indexed by acceptance quality limit (AQL) for lot-by-lot inspection

ISO

80000-1:2009, Quantities and units — Part 1: General

3 Terms and definitions

34—General

For the purposes of this document, the terms and definitions given in IEC 60027, IEC 60050-

561,

IEC 60617, ISO 80000-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

NOTE Piezoelectric sensors covered herein are those used for the detection and measurement of physical
quantities, chemical substances or biological molecules.

3.1 Piezoelectric sensors

3.11
piezgelectric sensor element
electfonic component which is able to detect physical quantities as a change)in its frequéncy,
phasg, delay, electrical charge, resistance, Q-value, bandwidth, etc.

Note 1 to entry: For chemical and biochemical sensor applications, the piezoelectri¢’sensor element inclydes a
sensitlve or receptive layer (target recognition material).

3.1.2
resohator type sensor element
piezqgelectric sensor component using acoustic resonances

3.1.3
delay-line type sensor element
piezqgelectric sensor component using a delay-ling'of surface acoustic wave (SAW)-delay-tine
of trgnsversal filter type

3.1.
non-pcoustic type sensor element
piezqgelectric sensor component using the electrical charge induced by a quasi-static fprce,
torque or the like

Note 1 to entry: Here, the tefmj) "non-acoustic", represents "quasi-static piezoelectric". Accordingly, the
(piezoklectric) non-acoustic type‘sensor element means a sensor element using the quasi-static piezoelectric pffect.

3.1.5
piezgelectric sensaoricell
senspr element equipped with necessary mechanical accessories and attachments to cortectly
detegt the parameters to be measured

3.1.6

piezoelectric sensor module
sens i i i ; ; ; data

acquisitions

3.1.7

piezoelectric sensor system

organized system including detection, amplification of detected value, communication with other
equipment and analysis of detected value

Note 1 to entry: Here, these functions cooperate mutually.

3.1.8
piezoelectric sensor
generic term that includes a sensor element, cell, module and system
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3.1.9

QCM

quartz crystal microbalance

one of the families of chemical and biochemical sensors using crystal resonators

Note 1 to entry: A thickness-share shear mode (TSM) sensor is identical with a QCM.
3.2 Types of chemical sensors

3.21
piezoelectric chemical sensor element

to entry: A gas sensor element is one of the chemical sensor elements.

works mainly in aqueous media and detects biomolecules thérein

3.3 | Types of physical sensors

3.31
piezoelectric force sensor element
piezqgelectric sensor component whose resonance. frequency, delay or electrical charge/vo
is used for force measurement

3.3.2
piezgelectric pressure sensor element
piezqgelectric sensor component whose resonance frequency, delay or electrical charge/vo
is used for pressure measurement

3.3.3
piezoelectric torque sensor element
piezqgelectric sensor component whose resonance frequency, delay or electrical charge/vo
is used for torque measurement

3.3.
piezgelectric viscosity sensor element
piezqgelectric{sensor component whose resonance frequency, delay or insertion loss/ga
used|for yiScosity measurement

vhich
and

vhich
and

Itage

Itage

Itage

in is

3.3.

piezoelectric temperature sensor element

piezoelectric sensor component whose resonance frequency or delay is used for temperature

measurement

3.3.6
piezoelectric film-thickness sensor element

piezoelectric sensor component whose resonance frequency is used for film-thickness

measurement
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3.4 Types of sensor modules

3.4.1

wireless SAW sensor module

piezoelectric sensor element or cell equipped with an antenna for wirelessly connecting with
interrogation unit

Note 1 to entry: Here, the resonator and delay line type elements of the SAW are used for the piezoelectric sensor
element or cell.

3.4.2

dual mode sensor module
dual mode sensor element or cell equipped with circuit units for temperature compensatimh and
electfonic accessories for interfacing to external data acquisitions

Note 1to entry: Dual mode sensor is a piezoelectric sensor which is able to detect physical quantitiesfrom a change
in respnance frequencies of two independent modes on a single piezoelectric plate (see IEC 6304143:2020, 3{1.5).

3.5 | Types of sensor systems

3.5.1
wireless SAW sensor system
genefic term that includes wireless SAW sensors and reader unit for sending and receiving RF
signdls

SEE:; Annex C.

3.5.2
dualjmode sensor system
genefic term that includes dual mode quartz *€rystal sensor modules, electric device| PC,
mempry, wired or wireless devices, software,-&ic.

4

rd .Y

bymbols of sensor elements

4.1 General

Figunes 1 to 6 show the conceptual diagrams and defined symbols for sensor elements of bulk
acouptic wave (BAW) resonator, SAW resonator and SAW delay-line types. The symbols are
esseftially the same astthose given in IEC 60122-1, IEC 61019-1 and IEC 60862-1.

Figude 7 and Figute 8 show the conceptual diagram and defined symbol for sensor elements of
non-acoustic type:

Figudes 9-t0 12 show the conceptual diagram and defined symbol for sensor elements of
wireles§/SAW resonator and SAW delay-line types. This is shown in Annex C.

NOTE-4+ The diagonal line in Figure 2, Figure 4, Figure 6, Figure 8, Figure 10 and Figure 12 shows an emblem
expressing changes in objects to be measured.

NOTE2For letter symbols (see 4.7) showing the types of sensors, these symbols-areput should
be defined in the circle at the upper right corner of Figure 2, Figure 4, Figure 6, Figure 8,
Figure 10 and Figure 12, and for each sensor application.

4.2 Symbol for sensor elements of BAW resonator type

Figure 1 shows the conceptual diagrams for sensor elements of BAW resonator type from which
a mounting portion is omitted. Figure 2 shows the symbol for sensor elements of BAW resonator

type.
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IEC

Figure 1 — Conceptual diagrams for sensor elements of BAW resonator type

NOTE Figure 1 shows examples of disk type and tuning fork type sensor elements.

Figure 2 — Symbol for sensor elements of BAW-resonator type

I_

IEC

4.3 | Symbol for sensor elements of SAW resonator type

Figune 3 and Figure 4 show, respectively, the conceptual diagram and symbol for se¢nsor
elemgnts of SAW resonator type.

Reflector IDT Reflector
IEC

Figure 3 — Conceptual diagram of sensor elements of SAW resonator type

O

IEC
Figure 4 — Symbol for sensor elements of SAW resonator type

4.4 Symbol for sensor elements of SAW delay-line type

Figure 5 and Figure 6 show, respectively, the conceptual diagram and symbol for sensor
elements of SAW delay-line type.
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IDT IDT IEC

Figure 5 — Conceptual diagram for sensor elements of SAW delay-line type

|

/ IEC

Figure 6 — Symbol for sensor elements of SAW.delay-line type

4.5 | Symbol for sensor elements of non-acoustic type

Figude 7 shows the conceptual diagrams for sensor_elements of non-acoustic type from which
a mopnting portion is omitted. Figure 8 shows the.symbol for sensor elements of non-acqustic

type.

IEC

Figure 7 — Conceptual diagrams for sensor elements of non-acoustic type

O

V3

IEC

Figure 8 — Symbol for sensor elements of non-acoustic type

4.6 Symbol for wireless SAW sensor element

Figures 9 to 12 show, respectively, the conceptual diagram and symbol for sensor elements of
wireless SAW resonator and delay-line type.


https://iecnorm.com/api/?name=1bed0735daab322b79209517f0410be5

IEC 63041-1:2021 RLV © IEC 2021 -13 -

1
s

Figure 9 — Conceptual diagram for basic sensor elements
of wireless SAW resonator type

O

IEC,

Figure 10 — Symbol for basic sensor elements of wireless SAW resonator type

Figure 11 — Conceptual diagram for basic sensor elements
of wireless SAW reflective delay-line type

T—7
Il

rm

Figure 12 — Symbol for basic sensor elements of wireless SAW reflective delay-line type

IEC
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NOTE Patch antenna is a type of low-profile wireless antenna that can be mounted on a flat surface and is
connected to the SAW element and cells.

4.7

Symbols

The symbols put in the circle at the upper right corner in Figure 2, Figure 4, Figure 6, Figure 8,
Figure 10 and Figure 12 are defined below (see the ISO 80000 series):

a) film-thickness: d;
b) force: F;

C) mass: m;

d) d

e) p
f) td

g) ta
h) v

ensity: p;
fessure: P,
mperature: T;
rque:

scosity: v.

In chlemical, biochemical and gas sensor applications, antigen-antibody or chemical regction

occu
chan
Acco
sens

i) b
i) ¢
k) 9
5 §

5.1
5.1.1
In co

elem
conc

Subc
elem
conc

5.1.2

s between the sensitive or receptive layer and target substances, which is detected
e in mass density, viscosity or shear modulus of thessensitive or receptive |

br elements:

ochemical: Bi;
nemical: Ch;
hs: Ga.

bpecifications
Sensor elements

General

ents and cells shallbe. determined. They should be defined clearly in the contract
uded between theSmanufacturer and customers.

bnts should*be specified numerically unless confidential technological informati
brned.

Sensor elements of resonator and delay-line types

as a
ayer.

rdingly, the following specific symbols are defined for<{biochemical, chemical and gas

hsideration of the target sensitivity, dynamic range or the like, the specifications of s¢nsor

o be

lauses 5.1.2%nd 5.1.3 present key points to be described in the specifications. Tlhese

DN is

Sens

or elements of resonator and delay-line types include the following:

a) range of measurand;

b) sensitivity of output signal with respect to measurand;

c) nominal frequency;

d) fr

equency tolerance;

e) parameters of equivalent circuit;

f) operating temperature range;

g) unwanted response;

h) level of drive or input power;

i) insertion loss/gain;
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j) delay time (for sensor elements of SAW delay-line type);

k) phase response;

[) piezoelectric material, cut angle, or the like;

m) electrode material, dimension, shape, structure or the like;

n) mounting material, dimension, shape, structure or the like;

0) dimensions of enclosure, or name, model number or the like corresponding thereto;

p) category of environmental test;

q) others.

5.1.3 Sensor elements of non-acoustic type

Sensjor elements of non-acoustic type include the following:

5.2

The

Whe
rang

berating temperature range;
ezoelectric material, cut angle, dimension, shape, structure or the like;

ectrode material, dimension, shape, structure or the like;

mensions of enclosure, or name, model number or the likercorresponding thereto;

htegory of environmental test;

o]
p
e

d) mounting material, dimension, shape, structure or the like;
d
c
o

hers.
Frequency ranges

frequency range applied herein should be 10.kHz to 10 GHz.

one of the higher-order overtones is*used or the frequency deviates from the spe
, the manufacturer and customer shall consult, and the results shall clearly be defin

the cpntract.

NOTE| The frequency ranges for sensariel€ments of non-acoustic type are not defined.

5.3

Level of drive or inpat,;power

For gensor elements and\cells, the level of drive or input power shall be limited so th

influg

NOTE| The level of'drive or input power for non-acoustic type sensor elements is not defined.

5.4

Unw

Unwanted response

cified
led in

At an

nce of "heat generation" or a "non-linear effect" does not deteriorate their performarjce.

T]nted responses shall be measured based on IEC 60444-9. This rule shall be applied only
to sensof elements of BAW resonator type

According to IEC 60122-2-1, the ratio of the motional resistance Ry for the unwanted response
to R, for the main response (N = Ry/R4) shall be two and a half times or more.

NOTE Conceptually, the sensitivity increases with an increase in the electrode area, which reduces the ratio of
Ry /R,. Under this situation, unwanted responses affect the main response, and sensor elements of BAW resonator

type occasionally oscillate, caused by the unwanted response.

5.5

Analysis of measurements

Electronic circuits and measuring instruments are generally used in sensor systems. The output
signals such as frequency, phase, insertion loss/gain, electrical charge / voltage, etc., and their

resp

onse functions and graphs are obtained as system data.
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The rule on how to apply this system data to data analyses shall clearly be defined in the
contract to be concluded between the manufacturer and customer, or in individual specifications.

NOTE The response function based on the linear response theory is effective in the analysis of acoustic wave
sensor elements and cells of resonator and delay-line types. For example, it is possible for the frequency response
to predict the resonant response levels of the acoustic wave sensor.

5.6

Enclosure

Holder specifications shall be clearly defined in the contract to be concluded between the
manufacturer and customer, or in individual specifications.

5.7 | Performance confirmation

The pasic performance of sensor elements and cells such as the minimum and{maximum
detegtion limits, dynamic range, sensitivity, etc. should be specified.

5.8 | Long-term and short-term stabilities

At the time of the measurement, attention should be paid to long-termxstability as well ps to
shorf-term stability affected by a background noise such as an electranic and/or foreign npise.
The gpecifications for long-term and short-term stabilities shall.clearly be defined in the contract
to bef concluded between the manufacturer and customer, or invindividual specifications.

NOTE| The long-term and short-term stabilities for sensor elements, @f non-acoustic type are not defined.

5.9 | Transmission power

Trangmit power and communication distance are telated to the electric field strength of wirgless
SAW|sensor systems. This should be dealt;with in accordance with the country specific fadio
laws [and regulations.

6 Measurement and detection’methods

Reqgyired measurement and detection methods are shown in Annex A to-AnrnexB Annex (.

7 Delivery conditions

7.1 Marking

The ¢ontent.to/be marked should be selected at least out of the following items. Moreovef, the
markjng shall be made at the place from which sensor elements and cells can easily be viewed
to thT dreatest extent possible. If such a place is unavailable, the marking shall be made|on a
pack ng plane

a) type designation as defined in the detailed specifications;

b) year and week (four digits) of manufacture, or serial number;

c) factory identification code;

d) name of manufacturer or trademark;

e) country of production;

f) mark of conformity (unless a certificate of conformity is used).

7.2

Wrapping

In the wrapping of sensor elements and cells, sealing is desirable. Moreover, vacuum wrapping
must also be taken into consideration. This rule shall be clearly defined in the contract to be
concluded between the manufacturer and customer, or in individual specifications.
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7.3 Packaging
The packaging specifications shall be clearly defined in the contract to be concluded between

the manufacturer and customer, or in individual specifications.

8 Quality and reliability

8.1 Reuse

Reuse of sensor elements and cells shall be clearly defined in the contract to be concluded

between-the-manufacturer and customer —orin-individualspecifications
L Lud

8.2 | Validity of release

Inspgction before shipment and re-inspection when the products are stored for a‘predetermined
period of time and then shipped, shall be clearly defined in the contract to be coneluded betveen
the npanufacturer and customer, or in individual specifications.

8.3 | Test procedures

Test [procedures to be used shall be selected from this document:”If any required test is not
found, then it shall be defined in detailed individual specifications:

8.4 | Screening requirements

Whete screening by the customer is required for sensor'élements and cells, this shall be defined
in the detailed individual specifications.

8.5 | Unchecked parameters

Only[those parameters of sensor elemgnts and cells which have been described in defailed
specfifications and which were subjected to testing can be assumed to be within the speg¢ified
limitg. It should not be assumed thatyany parameter not specified will remain unchanged|from
one |sensor element and cell {0 another. Should it be necessary for further unchgcked
parameters to be-centrelled weérified, then new, more extensive and detailed specifications
should be prepared. The additional test method(s) shall be fully described with appropriate
limitd, AQLs and inspection levels specified (see ISO 2859-1).

9 Test and measurement procedures

9.1 Genenal

9.1.1 Classification-of tests Test classification

The tests—are ctassifiedmtotestsfor shippimgproducts;amdmectamicaamd—environmmental
tests for confirming the reliability of products.

9.1.2 Shipping test

The test is conducted to confirm whether sensor elements and cells maintain the state satisfying
the contract between the manufacturer and customer when unsealed sensor elements are
shipped. The following shall be clearly defined in the contract between the manufacturer and
customer, or individual specifications.

a) When the specifications can presumably be sufficiently ensured, no inspection or sampling
inspection shall be allowed.

b) When inspections are required, all sensor elements and cells shall be inspected.
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9.1.3 Mechanical and environmental test
9.1.3.1 General

Tests should be conducted to confirm whether or not sensor elements and cells have
predetermined performances. Regarding test samples, those sealed into enclosures shall be
used. When no sealing is required, however, such samples may also be used.

9.1.3.2 Test samples

With regard to all test samples, the sensor elements and cells which maintain the state meeting
the cpntract between-the-manufacturerand-customershall-be-used-Selectionofthe-tests rnp|e
shall|be clearly defined in the contract between the manufacturer and customer, or in individual
specfifications.

9.1.3.3 Test items

Test |items such as vibration, shock, thermal shock, heat resistance, bunip,-salt fog, ageing,
bending of enclosure and the like are strongly dependent upon the requirément specifications
of sgnsor elements and cells. Therefore, the test items shall be~discussed between the
manufacturer and customer, and shall be settled by the contract.

9.2 Test and measurement conditions
9.2.1 Standard conditions for testing

Unle$s otherwise specified, all of electrical tests/shall be conducted under the follgwing
cond|tions;

— lemperature 15 °C to 35 °C;
— felative humidity 45 % to 75 %;
— atmosphere 86 kPa t07106 kPa (860 mbar to 1 060 mbar).

If any doubt-arises may arise, the following conditions shall be applied;

— lemperature 25°C+2°C;
— felative humidity 48 % to 52 %;

Befofe starting the-measurement, the test samples shall be stored at the measuregment
(inspection) temperature for a period of time enough to reach the thermal equilibrium state| The
ambipnt temperature during the measurement shall be recorded in the test report.

9.2.2 Equilibrium state

Unless otherwise specified, all of the electrical tests shall be conducted under an equilibrium
state. In the case where the test state causes significant time dependence on the measurement
of characteristics, a means for compensating such dependence shall be specified.

9.2.3 Power supply

When the oscillation method (see Clause A.3) is employed, a direct current power supply to be
used for testing samples should have no ripples which influence the measurement accuracies
required. An alternate current power supply shall have no transient response characteristics.
When the ripples and transient response characteristics influence the measurement, such an
influence shall clearly be described in individual standards.
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9.2.4 Alternative test system

Measurement shall be conducted according to specified methods as much as possible. If there
is no doubt, another method by which equivalent results are expected may be applied.

NOTE "Equivalent" means that the measured values obtained by the alternative test method are correlated to the
specified method.

9.2.5 Visual inspection

9.2.5.1 General

Unle$s otherwise specified, external visual examination shall be performed under n¢rmal
factory lighting and visual conditions.

9.2.5.2 Visual test A

The {est samples shall visually be examined to ensure that the condition, -woerkmanshig and
finish are satisfactory. The marking shall be legible.

9.2.5.3 Visual test B

The test samples should visually be examined under the lighting condition of ten timeg the
normial condition. There shall be no cracks in the glass (base€{.cover, etc.) or damages tp the
terminations. Minute flaking around the feather edge of a meniscus shall not be considefed a
crach.

9.2.5.4 Visual test C

The fest samples shall visually be examined. There shall be no corrosion or other deterioration
likelyl to impair satisfactory operation. The marking shall be legible.

9.3 | Test conditions for shipment

9.3.1 Temperature dependence-of frequency, phase, insertion loss/gain, motiona
resistance, and electriccharge / voltage

The performance of the test samples shall be measured under stepwise changing tempergature
over the specified range.

The phipment test ‘shall be conducted either at ordinary temperature or according t¢ the
specification settled in the contract to be concluded between the manufacturer and customer.

9.3.2 Unwanted response

The hédsurement of unwanted response shall be applied to sensor elements and cells of quartz
crystatBAYW Tesomator type (see 547-

9.3.3 Shunt capacitance

Based on the contract of the manufacture and customer, when testing the shunt capacitance
Cq should be-measured tested at a frequency far below the fundamental resonance frequency

at which sensor elements are not badly affected by acoustic responses.

NOTE The shunt capacitance for sensor elements of non-acoustic type is not defined.
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9.3.4 Insulation resistance

The insulation resistance measurement using DC voltage and its conditions shall be discussed
between the manufacturer and customer, and shall be settled by the contract.

The insulation resistance shall be larger than the value specified in the relevant detailed
specification.
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Annex A
(normative)

Measurement methods

A.1 General

Annex A applies to measurement methods and systems for quality management of piezoelectric
sensor elements and cells.

A.2 | Measurement methods using reflection and transmission characteristi

134

]

Figune A.1, Figure A.2 and Figure A.3 show the measurement methods using the reflection and
transjmission characteristics, respectively, for sensor elements and cells off BAW and [SAW
resonator types, and SAW delay-line type. The methods are basically defined in IEC 60444-1,
IEC 60444-5, IEC 61019-1.

NOTE| The part surrounded by the broken line in Figures A.1 to A.3 represents the test fixture.

[
I
[
[
|
: I—,— Network.analyzer Personal computer
| |
I

777- IEC

Figure A.1 — Measurement method using reflection characteristics of
BAW resonator type sensor elements and cells

Testfixture

Network analyzer Personal computer

777_ IEC

Figure A.2 — Measurement method using reflection characteristics of
SAW resonator type sensor elements and cells
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Personal computer

I B R

A3

For 4
show

rest

IMAWUTE

- =

rrr rrr

IEC

Figure A.3 — Measurement method using transmission characteristics of
SAW delay-line type sensor elements and cells

Measurement methods using oscillation circuits

simplified measurement of frequency, the block diagranis of the oscillation metho

nin Figure A.4, Figure A.5 and Figure A.6.

O

_I

Osgcillation circuit

Frequency counter

IEC

Figure A4 — Measurement method using oscillation circuit consisting of
BAW resonator type sensor elements and cells

@)
/

l are

Oscillation circuit

Frequency counter

IEC

Figure A.5 — Measurement method using oscillation circuit consisting of
SAW resonator type sensor elements and cells
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7
/777
Oscillation circuit
Frequency counter
IEG,
Figure A.6 — Measurement method using oscillation circuit consisting of
SAW delay-line type sensor elements and'cells
A.4 | Measurement method of non-acoustic type sensor elements and cells
The [block diagram for a simplified measurement)of electric charge/voltage is shov
Figude A.7.
| Amplifier Voltmeter
, R sl
/77 /77
Figure A.7 — Measurement method using amplifier consisting of
non-acoustic type sensor elements and cells
A.5 L Other measurement methods

IEC

n

in

Other measurement methods shall clearly be defined in the contract to be concluded between

the manufacturer and customer, or in individual specifications.
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Annex B
(normative)

Detection methods

B.1 General

Annex B describes some basic methods of utilizing piezoelectric sensor elements and cells of
resonator and delay-line types. The output of the sensor elements and cells is obtained as a

change—n—their—frequeney—phase—delay—insertion—osstgain—ete—r—respense—to—detected
phys|cal quantities or chemical and biochemical reactions. Accordingly, the detection is
conventionally carried out by the following methods.

B.2 | Detection methods

B.2.1 Frequency difference measurement

The [method measures a frequency difference between the two.‘sighals generated by the
oscillation circuits employing the detecting and reference sensor.elements and cells as shown
in Figure B.1.

Detecting 0 Reference
s
—}
— \_/
A
Oscillation circuit Oscillation circuit

Lowpass filter

Frequency counter

IEC

Figure B.1 — Measurement of frequency difference using two oscillation circuitsi

A frequency synthesizer may be used as a source of the reference frequency as shown in
Figure B.2.
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Detecting /O

&

d

— 25—

Reference

Oscillation circuit ®

Frequency synthesizer /
signal generator

Lowpass filter

Frequency counter

IEC

Figure B.2 — Measurement of frequency difference using an:oscillation circuit
and frequency synthesizer

Piezgelectric resonators have several vibration modes with difiefent characteristics that cgn be
used| to connect two oscillator circuits to one piezoelectfic sensor element, as shown in

Figude B.3. In this figure, two oscillation frequenciesfavith different characteristics ca
obtaihed, and the difference of two oscillation fregquencies is the output frequency o

piezdelectric dual mode sensor module.

Oscillator circuit for
temperature detection

Amplifiers and
other circuits

Fr
Temperature
compensation
Oscillator circuit for Amplifiers and
pressure\detection Fo other circuits

NOTE| @Quartz crystal sensor elements and cells have many vibration modes, and the main vibration mode i
for thd maih measurement target. Figure B.3 shows an example of a pressure measurement system. The freq

Output

IEC

Figurée B.3 — Conceptual diagram of piezoelectric dual mode sensor module

n be
f the

used

uency

change of the temperature sensor part is used to compensate the unexpected error of the measurement frequency

due to the temperature change of the sensor element.

B.2.2 Insertion loss/gain measurement

If an automatic gain control circuit is added, then the measurement of a change in insertion
loss/gain is made possible for the oscillation signal of the detecting sensor elements and cells

(see Figure B.4).



https://iecnorm.com/api/?name=1bed0735daab322b79209517f0410be5

- 26 — IEC 63041-1:2021 RLV © IEC 2021

B.2.3

Detecting O Reference
’
Ry |
— c‘/
Oscillation circuit Oscillation circuit
Analyzer

IEC

Figure B.4 — Measurement of insertion loss/gain difference
using two oscillation circuits

Phase difference measurement

For delay-line type sensor elements and cells, a phase difference between the input and output

sign3

B.2.4

The n

Is is measured, as shown in Figure B.5.

O Phase detector

Signal generator ra

A

Figure B.5 — Measurement of phase difference
using signal generator and phase detector

Other.detection methods

heasurement methods shown in Figures A.1 to A.7 may be also used as detection methods.
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CA1

Annex C
(normative)

Wireless SAW sensor

General

Annex C describes some basic methods of utilizing piezoelectric sensor elements and cells of
resonator and delay-line types.

C.2

C.2.1

The
delay

C.2.2

Detection methods

General

, amplitude, etc. in response to detected physical quantities.

Conceptual diagrams of wireless SAW resonator type;sensor system

utput of the sensor elements and cells are obtained as a change in theit frequency, phase,

Figuge C.1 shows the wireless SAW resonator type sensor system that mainly measurep the

frequ
press

Figu

C.2.3

ure, strain, etc.

Reader unit

Figur

amplitude, etc. See 4.2 and Figure 4 of IEC 63041-3:2020.

O

IEC

ency. The physical properties determined from changé.in frequency are tempergture,

re C.1 —_Fandamental measurement system of wireless SAW resonator type sepsor

Conceptual diagrams of wireless SAW reflective delay-line type sensor system
Welay,
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\4 \%
O

Reader unit

2021

7T %@

Figure C.2 — Fundamental measurement system of N
wireless SAW reflective delay-line type sensor (19

4

Cc.2.4 Key points of detection mechanism ™

When a signal is transmitted from the reader unit to the wireless %@sensor element of
the gntenna connected to this sensor element or cell receives this signal, and the su
acouptic wave is generated in this sensor element or cell. Q/

For ¢

is reflected by the reflector electrode, this reflected w

and
measg
the r

C.2.5
The

betw
a) s
b) p
c) d
d) o

is converted into a signal by the|
returns to the reader unit via the antenna. s reflected wave changes wher
urement value of the sensor element or cell%anges. As a result, the signal return
pbader unit changes. 2 o

&

Technical documents $

xample, in the case of Figure C.2, the surface aco;t@wave of the sensor element g

following items a) to d) shall cl&er)ly be defined in the specifications to be concl
ben the manufacturer and cusk@mers:

blection of measurement{@jfem (resonator type or delay-line type).

hrameters to be detecied’such as frequency, phase, delay and amplitude.

stance between @Er antenna and SAW sensor antenna.

her. Q
&

O
3

cell,
rface

r cell
IDT,

the
ed to

uded

NS
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC SENSORS -
Part 1: Generic specifications

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comyj
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for,the<“way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

IEC 63041-1/has been prepared by IEC technical committee 49: Piezoelectric, dielectrig
electfostatic devices and associated materials for frequency control, selection and detecti
is an|Inteérnational Standard.
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This second edition cancels and replaces the first edition published in 2017. This edition
constitutes a technical revision.

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

edition:

a) the new terms "piezoelectric sensor system" and "wireless SAW sensor system" and
definitions have been added;

b) new types of sensor modules and sensor system have been added;

c) some symbols of sensor elements are added in Clause 4;

d) a new Figure B.3 has been added in Annex B;

e)

Annex C has been added.

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

Draft Report on voting

49/1357/CDV 49/1364/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This [document was drafted in accordance with ISO/IEC Directives, Part 2, and develepged in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).available
at wyvw.iec.ch/members_experts/refdocs. The main document types developed\by IEC are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

A list|of all parts in the IEC 63041 series, published under the general title Piezoelectric sepsors,
can lje found on the IEC website.

The ¢gommittee has decided that the contents of this document wilkfremain unchanged untjl the
stability date indicated on the IEC website under webstore.ig€.ch in the data related tp the
speci|fic document. At this date, the document will be

—

g¢confirmed,
e withdrawn,

—

gplaced by a revised edition, or

e amended.
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http://www.iec.ch/standardsdev/publications
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PIEZOELECTRIC SENSORS -

Part 1: Generic specifications

1 Scope

This part of IEC 63041 applies to piezoelectric sensors of resonator, delay-line and

non-

acouptic types, which are used in physical and engineering sciences, chemistry
biochemistry, medical and environmental sciences, etc.

The purpose of this document is to specify the terms and definitions for piezoelectric sen
and [o make sure from a technological perspective that users understand\the state-
piezgelectric sensors and how to use them correctly.

2 Normative references

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

IEC 60027 (all parts), Letter symbols to be used inelectrical technology

IEC 60050-561, International Electrotechnical¥~ocabulary — Part 561: Piezoelectric, diel
and |electrostatic devices and associated“materials for frequency control, selection
detegtion

IEC 60122-2-1, Quartz crystal units\for frequency control and selection — Part 2: Guide t
use of quartz crystal units for frequency control and selection — Section One: Quartz cry
for microprocessor clock supply

IEC €0444-9, Measurement of quartz crystal unit parameters — Part 9: Measurement of spu
resomances of piezoelectric crystal units

IEC 60617, Graphical symbols for diagrams, available at https://std.iec.ch/iec60617

IEC 63041=3:2020, Piezoelectric sensors — Part 3: Physical sensors

and

sors,
pf-art

ntent
blies.
any

betric

and

D the
stals

rious

ISO 2859-1:1999 _Samyz g procedures forinspection by attributes
indexed by acceptance quality limit (AQL) for lot-by-lot inspection

ISO 80000-1, Quantities and units — Part 1: General

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60027, IEC 60050-

561, IEC 60617, ISO 80000-1 and the following apply.


https://std.iec.ch/iec60617
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

NOTE Piezoelectric sensors covered herein are those used for the detection and measurement of physical
quantities, chemical substances or biological molecules.

3.1 Piezoelectric sensors

3.11

piezJ)eIectric sensor element
electfonic component which is able to detect physical quantities as a change in its frequéncy,
phasg, delay, electrical charge, resistance, Q-value, bandwidth, etc.

Note 1 to entry: For chemical and biochemical sensor applications, the piezoelectric sensor‘\element inclydes a
sensitlve or receptive layer (target recognition material).

3.1.2
resohator type sensor element
piezqgelectric sensor component using acoustic resonances

3.1.3
delay-line type sensor element
piezqgelectric sensor component using a delay-line of surface acoustic wave (SAW) transvlersal
filter type

3.1.
non-pcoustic type sensor element
piezqgelectric sensor component using the€lectrical charge induced by a quasi-static fprce,
torque or the like

Note 1 to entry: Here, the term, "non:acoustic", represents "quasi-static piezoelectric". Accordingly, the
(piezoklectric) non-acoustic type sensor element means a sensor element using the quasi-static piezoelectric pffect.

3.1.5
piezgelectric sensor cell
senspr element equippediwith necessary mechanical accessories and attachments to corfectly
detegt the parameters-to-be measured

3.1.6]
piezoelectric sensor module
senspr element or cell equipped with electronic accessories for interfacing to external|data
acqujsitions

3.1.7
piezoelectric sensor system

organized system including detection, amplification of detected value, communication with other
equipment and analysis of detected value

Note 1 to entry: Here, these functions cooperate mutually.

3.1.8
piezoelectric sensor
generic term that includes a sensor element, cell, module and system
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3.1.9

QCM

quartz crystal microbalance

one of the families of chemical and biochemical sensors using crystal resonators

Note 1 to entry: A thickness shear mode (TSM) sensor is identical with a QCM.
3.2 Types of chemical sensors

3.21
piezoelectric chemical sensor element

to entry: A gas sensor element is one of the chemical sensor elements.

works mainly in aqueous media and detects biomolecules thérein

3.3 | Types of physical sensors

3.31
piezoelectric force sensor element

piezqgelectric sensor component whose resonance.frequency, delay or electrical charge/vo
is used for force measurement

3.3.2
piezgelectric pressure sensor element

piezqgelectric sensor component whose reésonance frequency, delay or electrical charge/vo
is used for pressure measurement

3.3.3
piezoelectric torque sensor element

piezqgelectric sensor component whose resonance frequency, delay or electrical charge/vo
is used for torque measurement

3.3.
piezgelectric viscosity sensor element

piezqgelectric{sensor component whose resonance frequency, delay or insertion loss/ga
used|for yiScosity measurement

vhich
and

vhich
and

Itage

Itage

Itage

in is

3.3.

piezoelectric temperature sensor element

piezoelectric sensor component whose resonance frequency or delay is used for temperature

measurement

3.3.6
piezoelectric film-thickness sensor element

piezoelectric sensor component whose resonance frequency is used for film-thickness

measurement
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3.4 Types of sensor modules

3.41

wireless SAW sensor module

piezoelectric sensor element or cell equipped with an antenna for wirelessly connecting with
interrogation unit

Note 1 to entry: Here, the resonator and delay line type elements of the SAW are used for the piezoelectric sensor
element or cell.

3.4.2

dual mode sensor module
dual mode sensor element or cell equipped with circuit units for temperature compensatiorh and
electfonic accessories for interfacing to external data acquisitions

Note 1 to entry: Dual mode sensor is a piezoelectric sensor which is able to detect physical quantities'from a change
in resgnance frequencies of two independent modes on a single piezoelectric plate (see IEC 6304y1<3:2020, 3}1.5).

3.5 | Types of sensor systems

3.5.1
wireless SAW sensor system
genefic term that includes wireless SAW sensors and reader unit for sending and receiving RF
signgls

SEE: Annex C.

3.5.2
dualimode sensor system
genefic term that includes dual mode quartz ‘erystal sensor modules, electric device| PC,
mempry, wired or wireless devices, software,-efc.

4

rd .Y

bymbols of sensor elements

4.1 General

Figunes 1 to 6 show the conceptual diagrams and defined symbols for sensor elements of bulk
acouptic wave (BAW) resonator, SAW resonator and SAW delay-line types. The symbols are
esseftially the same astthose given in IEC 60122-1, IEC 61019-1 and IEC 60862-1.

Figude 7 and Figute 8 show the conceptual diagram and defined symbol for sensor elements of
non-acoustic type:

Figues 9-t0o 12 show the conceptual diagram and defined symbol for sensor elements of
wireless/'SAW resonator and SAW delay-line types. This is shown in Annex C.

NOTE The diagonal line in Figure 2, Figure 4, Figure 6, Figure 8, Figure 10 and Figure 12 shows an emblem
expressing changes in objects to be measured.

For letter symbols (see 4.7) showing the types of sensors, these symbols should be defined in
the circle at the upper right corner of Figure 2, Figure 4, Figure 6, Figure 8, Figure 10 and
Figure 12, and for each sensor application.

4.2 Symbol for sensor elements of BAW resonator type

Figure 1 shows the conceptual diagrams for sensor elements of BAW resonator type from which
a mounting portion is omitted. Figure 2 shows the symbol for sensor elements of BAW resonator

type.
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IEC

Figure 1 — Conceptual diagrams for sensor elements of BAW resonator type

NOTE Figure 1 shows examples of disk type and tuning fork type sensor elements.

Figure 2 — Symbol for sensor elements of BAW-resonator type

I_

IEC

4.3 | Symbol for sensor elements of SAW resonator type

Figune 3 and Figure 4 show, respectively, the conceptual diagram and symbol for se¢nsor
elemgnts of SAW resonator type.

Reflector IDT Reflector
IEC

Figure 3 — Conceptual diagram of sensor elements of SAW resonator type

O

IEC
Figure 4 — Symbol for sensor elements of SAW resonator type

4.4 Symbol for sensor elements of SAW delay-line type

Figure 5 and Figure 6 show, respectively, the conceptual diagram and symbol for sensor
elements of SAW delay-line type.
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IDT IDT IEC

Figure 5 — Conceptual diagram for sensor elements of SAW delay-line type

|

/ IEC

Figure 6 — Symbol for sensor elements of SAW.delay-line type

4.5 | Symbol for sensor elements of non-acoustic type

Figude 7 shows the conceptual diagrams for sensor_elements of non-acoustic type from which
a mopnting portion is omitted. Figure 8 shows the.symbol for sensor elements of non-acqustic

type.

IEC

Figure 7 — Conceptual diagrams for sensor elements of non-acoustic type

O

V3

IEC

Figure 8 — Symbol for sensor elements of non-acoustic type

4.6 Symbol for wireless SAW sensor element

Figures 9 to 12 show, respectively, the conceptual diagram and symbol for sensor elements of
wireless SAW resonator and delay-line type.
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1
mrs

Figure 9 — Conceptual diagram for basic sensor elements
of wireless SAW resonator type

O

IEC,

Figure 10 — Symbol for basic sensor elements of wireless SAW resonator type

Figure 11 — Conceptual diagram for basic sensor elements
of wireless SAW reflective delay-line type

T—7
Il

rm

Figure 12 — Symbol for basic sensor elements of wireless SAW reflective delay-line type

IEC
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NOTE Patch antenna is a type of low-profile wireless antenna that can be mounted on a flat surface and is
connected to the SAW element and cells.

4.7

Symbols

The symbols put in the circle at the upper right corner in Figure 2, Figure 4, Figure 6, Figure 8,
Figure 10 and Figure 12 are defined below (see the ISO 80000 series):

a) film-thickness: d;
b) force: F;

C) mass: m;

d) d

e) p
f) td

g) ta
h) v

ensity: p;
fessure: P,
mperature: T;
rque:

scosity: v.

In chlemical, biochemical and gas sensor applications, antigen-antibody or chemical regction

occu
chan
Acco
sens

i) b
i) ¢
k) g
5 §

5.1
5.1.1
In co

elem
conc

Subc
elem
conc

5.1.2

s between the sensitive or receptive layer and target substances, which is detected

as a

ge in mass density, viscosity or shear modulus of thessensitive or receptive layer.
rdingly, the following specific symbols are defined for<{biochemical, chemical and gas

br elements:

ochemical: Bi;
nemical: Ch;
hs: Ga.

bpecifications

Sensor elements

General

hsideration of the target sensitivity, dynamic range or the like, the specifications of s¢nsor

ents and cells shall.be. determined. They should be defined clearly in the contract
uded between theSmanufacturer and customers.

o be

lauses 5.1.2%nd 5.1.3 present key points to be described in the specifications. Tlhese

bnts should*be specified numerically unless confidential technological informati
brned.

Sensor elements of resonator and delay-line types

DN is

Sens

or elements of resonator and delay-line types include the following:

a) range of measurand;

b) sensitivity of output signal with respect to measurand;

c) nominal frequency;

d) frequency tolerance;

e) parameters of equivalent circuit;

f) operating temperature range;

g) unwanted response;

h) level of drive or input power;

i) insertion loss/gain;
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j) delay time (for sensor elements of SAW delay-line type);

k) phase response;

[) piezoelectric material, cut angle, or the like;

m) electrode material, dimension, shape, structure or the like;

n) mounting material, dimension, shape, structure or the like;

0) dimensions of enclosure, or name, model number or the like corresponding thereto;

p) category of environmental test;

q) others.

5.1.3 Sensor elements of non-acoustic type

Sensjor elements of non-acoustic type include the following:

5.2

The

Whe
rang

berating temperature range;
ezoelectric material, cut angle, dimension, shape, structure or the like;

ectrode material, dimension, shape, structure or the like;

mensions of enclosure, or name, model number or the likercorresponding thereto;
htegory of environmental test;

o]
p
e

d) mounting material, dimension, shape, structure or the like;
d
c
o

hers.
Frequency ranges

frequency range applied herein should be 10 kHz to 10 GHz.

one of the higher-order overtones is*used or the frequency deviates from the spe
, the manufacturer and customer shall consult, and the results shall clearly be defin

the cpntract.

NOTE| The frequency ranges for sensariel€ments of non-acoustic type are not defined.

5.3

Level of drive or inpat,;power

For gensor elements and\cells, the level of drive or input power shall be limited so th

influg

NOTE| The level of'drive or input power for non-acoustic type sensor elements is not defined.

5.4

Unw

Unwanted response

cified
led in

At an

nce of "heat generation" or a "non-linear effect" does not deteriorate their performarjce.

T]nted responses shall be measured based on IEC 60444-9. This rule shall be applied only
to sensof elements of BAW resonator type

According to IEC 60122-2-1, the ratio of the motional resistance Ry for the unwanted response
to R, for the main response (N = Ry/R4) shall be two and a half times or more.

NOTE Conceptually, the sensitivity increases with an increase in the electrode area, which reduces the ratio of
Ry /R,. Under this situation, unwanted responses affect the main response, and sensor elements of BAW resonator

type occasionally oscillate, caused by the unwanted response.

5.5

Analysis of measurements

Electronic circuits and measuring instruments are generally used in sensor systems. The output
signals such as frequency, phase, insertion loss/gain, electrical charge / voltage, etc., and their

resp

onse functions and graphs are obtained as system data.
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The rule on how to apply this system data to data analyses shall clearly be defined in the
contract to be concluded between the manufacturer and customer, or in individual specifications.

NOTE The response function based on the linear response theory is effective in the analysis of acoustic wave
sensor elements and cells of resonator and delay-line types. For example, it is possible for the frequency response
to predict the resonant response levels of the acoustic wave sensor.

5.6

Enclosure

Holder specifications shall be clearly defined in the contract to be concluded between the
manufacturer and customer, or in individual specifications.

5.7

The

5.8

Performance confirmation

Long-term and short-term stabilities

basic performance of sensor elements and cells such as the minimum and{maximum
detegtion limits, dynamic range, sensitivity, etc. should be specified.

At the time of the measurement, attention should be paid to long-termxstability as well ps to
shorf-term stability affected by a background noise such as an electraonic and/or foreign npise.
The gpecifications for long-term and short-term stabilities shallclearly be defined in the contract
to bef concluded between the manufacturer and customer, or invindividual specifications.

NOTE| The long-term and short-term stabilities for sensor elements @f non-acoustic type are not defined.

5.9 | Transmission power

Trangmit power and communication distance are related to the electric field strength of wirgless
SAW|sensor systems. This should be dealt:with in accordance with the country specific radio
laws [and regulations.

6 Measurement and detection’methods

Reqgyired measurement and detection methods are shown in Annex A to Annex C.

7 Delivery conditions

7.1 Marking

The ¢ontent.to/be marked should be selected at least out of the following items. Moreovef, the
markjng shall be made at the place from which sensor elements and cells can easily be viewed
to thT dreatest extent possible. If such a place is unavailable, the marking shall be made|on a
pack ng plane

a) type designation as defined in the detailed specifications;

b) year and week (four digits) of manufacture, or serial number;

c) factory identification code;

d) name of manufacturer or trademark;

e) country of production;

f) mark of conformity (unless a certificate of conformity is used).

7.2 Wrapping

In the wrapping of sensor elements and cells, sealing is desirable. Moreover, vacuum wrapping
must also be taken into consideration. This rule shall be clearly defined in the contract to be
concluded between the manufacturer and customer, or in individual specifications.
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7.3 Packaging
The packaging specifications shall be clearly defined in the contract to be concluded between

the manufacturer and customer, or in individual specifications.

8 Quality and reliability

8.1 Reuse

Reuse of sensor elements and cells shall be clearly defined in the contract to be concluded

between-the-manufacturer and customer orin-individual specifications
L ~

8.2 | Validity of release

Inspgction before shipment and re-inspection when the products are stored for a‘predetermined
period of time and then shipped, shall be clearly defined in the contract to be coneluded betveen
the npanufacturer and customer, or in individual specifications.

8.3 | Test procedures

Test [procedures to be used shall be selected from this document:”If any required test is not
found, then it shall be defined in detailed individual specifications:

8.4 | Screening requirements

Whete screening by the customer is required for sensor'€lements and cells, this shall be defined
in the detailed individual specifications.

8.5 | Unchecked parameters

Only|those parameters of sensor elemgnts and cells which have been described in defailed
specfifications and which were subjected to testing can be assumed to be within the spegified
limitg. It should not be assumed thatyany parameter not specified will remain unchanged|from
one |sensor element and cell {0 another. Should it be necessary for further unchgcked
para{\eters to be verified, thensnew, more extensive and detailed specifications should be

prepared. The additional test method(s) shall be fully described with appropriate limits, AQLs
and ihspection levels specified (see ISO 2859-1).

9 Test and measurement procedures

9.1 Genenal

9.1.1 Test classification

The tests—are ctassifiedmtotestsfor shippimgproducts,anmdmectamicaamd—environmmental
tests for confirming the reliability of products.

9.1.2 Shipping test

The test is conducted to confirm whether sensor elements and cells maintain the state satisfying
the contract between the manufacturer and customer when unsealed sensor elements are
shipped. The following shall be clearly defined in the contract between the manufacturer and
customer, or individual specifications.

a) When the specifications can presumably be sufficiently ensured, no inspection or sampling
inspection shall be allowed.

b) When inspections are required, all sensor elements and cells shall be inspected.
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9.1.3 Mechanical and environmental test
9.1.3.1 General

Tests should be conducted to confirm whether or not sensor elements and cells have
predetermined performances. Regarding test samples, those sealed into enclosures shall be
used. When no sealing is required, however, such samples may also be used.

9.1.3.2 Test samples

With regard to all test samples, the sensor elements and cells which maintain the state meeting
the cpntract between-the-manufacturerand-customershal-be-used-Selectionofthe-tests rnp|e
shall|be clearly defined in the contract between the manufacturer and customer, or in individual
specfifications.

9.1.3(3 Test items
Test |items such as vibration, shock, thermal shock, heat resistance, bunip,-salt fog, ageing,
bending of enclosure and the like are strongly dependent upon the requirément specificdtions

of s¢gnsor elements and cells. Therefore, the test items shall be~discussed between the
manufacturer and customer, and shall be settled by the contract.

9.2 Test and measurement conditions
9.21 Standard conditions for testing

Unleg$s otherwise specified, all of electrical tests/shall be conducted under the follgwing
cond|tions;

— lemperature 15 °C to 35 °C;
— felative humidity 45 % to 75 %;
— atmosphere 86 kPa t07106 kPa (860 mbar to 1 060 mbar).

If any doubt may arise, the following conditions shall be applied;

— lemperature 25°C+2°C;
— felative humidity 48 % to 52 %;

Befofe starting the-measurement, the test samples shall be stored at the measuregment
(inspection) temperature for a period of time enough to reach the thermal equilibrium state| The
ambipnt temperature during the measurement shall be recorded in the test report.

9.2.2 Equilibrium state

Unless otherwise specified, all of the electrical tests shall be conducted under an equilibrium
state. In the case where the test state causes significant time dependence on the measurement
of characteristics, a means for compensating such dependence shall be specified.

9.2.3 Power supply

When the oscillation method (see Clause A.3) is employed, a direct current power supply to be
used for testing samples should have no ripples which influence the measurement accuracies
required. An alternate current power supply shall have no transient response characteristics.
When the ripples and transient response characteristics influence the measurement, such an
influence shall clearly be described in individual standards.
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9.2.4 Alternative test system

Measurement shall be conducted according to specified methods as much as possible. If there
is no doubt, another method by which equivalent results are expected may be applied.

NOTE "Equivalent" means that the measured values obtained by the alternative test method are correlated to the
specified method.

9.2.5 Visual inspection

9.2.5.1 General

Unle$s otherwise specified, external visual examination shall be performed under né¢rmal
factory lighting and visual conditions.

9.2.5.2 Visual test A

The {est samples shall visually be examined to ensure that the condition, -woerkmanshig and
finish are satisfactory. The marking shall be legible.

9.2.5.3 Visual test B

The test samples should visually be examined under the lighting condition of ten timeg the
normial condition. There shall be no cracks in the glass (base€{.cover, etc.) or damages tp the
terminations. Minute flaking around the feather edge of a meniscus shall not be considefed a
crach.

9.2.5.4 Visual test C

The fest samples shall visually be examined. There shall be no corrosion or other deterioration
likelyl to impair satisfactory operation. The marking shall be legible.

9.3 | Test conditions for shipment

9.3.1 Temperature dependence-of frequency, phase, insertion loss/gain, motiona
resistance, and electriccharge / voltage

The performance of the test samples shall be measured under stepwise changing tempergature
over the specified range.

The phipment test ‘shall be conducted either at ordinary temperature or according t¢ the
specification settled in the contract to be concluded between the manufacturer and customer.

9.3.2 Unwanted response

The hédsurement of unwanted response shall be applied to sensor elements and cells of quartz
crystatBAW Tesomator type (see 547-

9.3.3 Shunt capacitance

Based on the contract of the manufacture and customer, when testing the shunt capacitance
Cq should be tested at a frequency far below the fundamental resonance frequency at which

sensor elements are not badly affected by acoustic responses.

NOTE The shunt capacitance for sensor elements of non-acoustic type is not defined.
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9.3.4 Insulation resistance

The insulation resistance measurement using DC voltage and its conditions shall be discussed
between the manufacturer and customer, and shall be settled by the contract.

The insulation resistance shall be larger than the value specified in the relevant detailed
specification.



https://iecnorm.com/api/?name=1bed0735daab322b79209517f0410be5

IEC 63041-1:2021 © IEC 2021 -21-

Annex A
(normative)

Measurement methods

A.1 General

Annex A applies to measurement methods and systems for quality management of piezoelectric
sensor elements and cells.

A.2 | Measurement methods using reflection and transmission characteristi

134

]

Figune A.1, Figure A.2 and Figure A.3 show the measurement methods using the reflection and
transjmission characteristics, respectively, for sensor elements and cells off BAW and [SAW
resonator types, and SAW delay-line type. The methods are basically defined in IEC 60444-1,
IEC 60444-5, IEC 61019-1.

NOTE| The part surrounded by the broken line in Figures A.1 to A.3 represents the test fixture.

[
I
[
[
|
: I—,— Network.analyzer Personal computer
| |
I

777- IEC

Figure A.1 — Measurement method using reflection characteristics of
BAW resonator type sensor elements and cells

Testfixture

Network analyzer Personal computer

777_ IEC

Figure A.2 — Measurement method using reflection characteristics of
SAW resonator type sensor elements and cells
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Figure A.3 — Measurement method using transmission characteristics of
SAW delay-line type sensor elements and cells

Measurement methods using oscillation circuits

simplified measurement of frequency, the block diagranis of the oscillation metho

nin Figure A.4, Figure A.5 and Figure A.6.

O

_I

Osgcillation circuit

Frequency counter

IEC

Figure A4 — Measurement method using oscillation circuit consisting of
BAW resonator type sensor elements and cells

@)
/

1l are

Oscillation circuit

Frequency counter

IEC

Figure A.5 — Measurement method using oscillation circuit consisting of
SAW resonator type sensor elements and cells
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7
/777
Oscillation circuit
Frequency counter
IEG,
Figure A.6 — Measurement method using oscillation circuit consisting of
SAW delay-line type sensor elements and'cells
A.4 | Measurement method of non-acoustic type sensor elements and cells
The [block diagram for a simplified measurement)of electric charge/voltage is shov
Figude A.7.
| Amplifier Voltmeter
, R sl
/77 /77
Figure A.7 — Measurement method using amplifier consisting of
non-acoustic type sensor elements and cells
A.5 L Other measurement methods

IEC

n

in

Other measurement methods shall clearly be defined in the contract to be concluded between

the manufacturer and customer, or in individual specifications.
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Annex B
(normative)

Detection methods

B.1 General

Annex B describes some basic methods of utilizing piezoelectric sensor elements and cells of
resonator and delay-line types. The output of the sensor elements and cells is obtained as a
change—n—their—fres —phase; y—isert H—ete—H—Fespoense o—eetected
phys|cal quantities or chemical and biochemical reactions. Accordingly, the detection is
conventionally carried out by the following methods.

B.2 | Detection methods

B.2.1 Frequency difference measurement

The [method measures a frequency difference between the two.‘signals generated by the
oscillation circuits employing the detecting and reference sensor.elements and cells as shown
in Figure B.1.

Detecting 0 Reference
s
—}
— \_/
A
Oscillation circuit Oscillation circuit

Lowpass filter

Frequency counter

IEC

Figure B.1 — Measurement of frequency difference using two oscillation circuitsI

A frequency synthesizer may be used as a source of the reference frequency as shown in
Figure B.2.
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Detecting IO

y.

d

— 25—

Reference

Oscillation circuit @

Frequency synthesizer /
signal generator

Lowpass filter

Frequency counter

IEC

Figure B.2 — Measurement of frequency difference using an:oscillation circuit
and frequency synthesizer

Piezgelectric resonators have several vibration modes with diffefent characteristics that can be
used| to connect two oscillator circuits to one piezoelectric sensor element, as shown in
Figude B.3. In this figure, two oscillation frequenciesfaith different characteristics can be
obtaiped, and the difference of two oscillation frequencies is the output frequency of the

piezqgelectric dual mode sensor module.

Oscillator circuit for
temperature detection

Amplifiers and
other circuits

Fr
Temperature
compensation
Oscillator circuit for Amplifiers and
pressure\detection Fo other circuits

Output

IEC

Figure B.3 — Conceptual diagram of piezoelectric dual mode sensor module

NOTE| Quartz crystal sensor elements and cells have many vibration modes, and the main vibration mode i§ used
for thd maih measurement target. Figure B.3 shows an example of a pressure measurement system. The frequency

change of the temperature sensor part is used to compensate the unexpected error of the measurement frequency

due to the temperature change of the sensor element.

B.2.2 Insertion loss/gain measurement

If an automatic gain control circuit is added, then the measurement of a change in insertion
loss/gain is made possible for the oscillation signal of the detecting sensor elements and cells

(see Figure B.4).
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B.2.3

Detecting O Reference
’
Ry |
— c‘/
Oscillation circuit Oscillation circuit
Analyzer

IEC

Figure B.4 — Measurement of insertion loss/gain difference
using two oscillation circuits

Phase difference measurement

For delay-line type sensor elements and cells, a phase difference between the input and output

sign3

B.2.4

The n

Is is measured, as shown in Figure B.5.

O Phase detector

Signal generator ra

A

Figure B.5 — Measurement of phase difference
using signal generator and phase detector

Other.detection methods

heasurement methods shown in Figures A.1 to A.7 may be also used as detection methods.
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Annex C
(normative)

Wireless SAW sensor

C.1 General

Annex C describes some basic methods of utilizing piezoelectric sensor elements and cells of

resonator and delay-line types.

C.2 | Detection methods

C.2.1 General

The gutput of the sensor elements and cells are obtained as a change in their frequency, phase,

delay, amplitude, etc. in response to detected physical quantities.

C.2.2 Conceptual diagrams of wireless SAW resonator type;sensor system

Figune C.1 shows the wireless SAW resonator type sensor system that mainly measurepg the

frequency. The physical properties determined from change.'in frequency are tempers
presgure, strain, etc.

O

Reader unit

IEC

ture,

Figure C.1 —Fundamental measurement system of wireless SAW resonator type sepsor

C.2.3 Conceptual diagrams of wireless SAW reflective delay-line type sensor sy
Figurm

amplitude, etc. See 4.2 and Figure 4 of IEC 63041-3:2020.

tem

elay,
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Reader unit

C.2.4

When a signal is transmitted from the reader unit to the wireless SAW sensor element of

the &
acou

For ¢

is reflected by the reflector electrode, this reflected wave-is converted into a signal by the

and
meas
the r

C.2.5

The
betw
a) s
b) p
c) d
d) o

I

Figure C.2 — Fundamental measurement system of
wireless SAW reflective delay-line type sensor

Key points of detection mechanism

ntenna connected to this sensor element or cell receives this signal, and the su
5tic wave is generated in this sensor element or cell.

xample, in the case of Figure C.2, the surface acoustic’wave of the sensor element o

returns to the reader unit via the antenna.<Ihis reflected wave changes wher
urement value of the sensor element or cell:changes. As a result, the signal return
pader unit changes.

Technical documents

following items a) to d) shall clearly be defined in the specifications to be concl
ben the manufacturer and custémers:

blection of measurement.system (resonator type or delay-line type).

arameters to be detected’such as frequency, phase, delay and amplitude.

stance between reader antenna and SAW sensor antenna.

her.

cell,
rface

r cell
IDT,

the
ed to

uded
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CAPTEURS PIEZOELECTRIQUES -

Partie 1: Spécifications génériques

1 Domaine d'application

La présente partie de I'lEC 63041 s'applique aux capteurs piézoélectriques de type résonateur,
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IEC 60122-2-1, Quartz pour le contréle et la sélection de la fréquence — Deuxiéme partie:
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ISO 2859-1:1999, Regles d'échantillonnage pour les contréles par attributs — Partie 1:
Procédures d'échantillonnage pour les contréles lot par lot, indexés d'aprés le niveau de qualité
acceptable (NQA)

ISO 80000-1, Grandeurs et unités — Partie 1: Généralités

3 Termes et définitions

Pour
I''EC

les besoins du présent document, les termes et définitions de I'lEC 60027, de

60050-561, de I'lEC 60617 et de I''SO 80000-1, ainsi que les suivants s'appliquent.
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L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

NOTE Les capteurs piézoélectriques présentés ici sont ceux utilisés pour détecter et mesurer des grandeurs
physiques, des substances chimiques ou des molécules biologiques.

3.1 Capteurs piézoélectriques

3.11

élémeent de capteur piézoélectrique
composant électronique capable de détecter des grandeurs physiques dont la fréquenge, la
phasg, le retard, la charge électrique, la résistance, la valeur de Q, la bande passante,|etc.,
varieht

Note 1 a l'article: Pour les applications de capteur chimique ou biochimique, I'élément dejcapteur piézoélegtrique
comprend une couche sensible ou réceptive (matériau de reconnaissance cible).

3.1.2
élément de capteur de type résonateur
composant de capteur piézoélectrique qui utilise les résonanceg acoustiques

3.1.3
élémient de capteur de type a ligne a retard
composant de capteur piézoélectrique qui utilise une)ligne a retard d'onde acoustique de
surfalce (OAS) de type transversal

3.1.4|e

élémient de capteur de type non acoustiqtie
composant de capteur piézoélectrique quiutilise la charge électrique induite par une force quasi
statique, un couple ou un élément analggue

Note 1 a l'article: Dans le cas présent, Te'terme "non acoustique" signifie "piézoélectrique quasi statiqud". Par
consépuent, I'élément de capteur de type non acoustique (piézoélectrique) est un élément de capteur qui |utilise
I'effet piézoélectrique quasi statique:

3.1.5
cellule de capteur piézoélectrique
élémpent de capteur gquipé des accessoires et fixations mécaniques nécessaires pour détecter
corregctement les parameétres a mesurer

3.1.6
module dé-capteur piézoélectrique
élémpent,ou cellule de capteur équipé(e) d'accessoires électroniques qui assurent l'intefface
avec|lesvacquisitions de données externes

3.1.7

systéme de capteur piézoélectrique

systéme organisé qui inclut la détection, I'amplification de la valeur détectée, la communication
avec d’autres équipements et I'analyse de la valeur détectée

Note 1 a I'article: Dans le cas présent, ces fonctions coopérent mutuellement.

3.1.8
capteur piézoélectrique
terme générique qui inclut un élément, une cellule, un module et un systéme de capteur
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3.1.9

QCM

microbalance a quartz

une des familles de capteurs chimiques et biochimiques qui utilisent des résonateurs de cristal

Note 1 a l'article: Un capteur a mode de partage d'épaisseur (TSM — thickness share mode) s'apparente a un QCM.

Note 2 a I'article: L’abréviation "QCM" est dérivée du terme anglais développé correspondant "quartz crystal
microbalance".

3.2 Types de capteurs chimiques

3.21

élémlent de capteur chimique piézoélectrique
composant de capteur piézoélectrique qui comprend une couche sensible (matériay de
recomnaissance cible) nécessaire au mesurage pratique de molécules non biologiques simples
en gliantité, et qui fonctionne et détecte les substances chimiques essentiellement en phase
gazelse

Note 1 a I'article: Un élément de capteur de gaz est I'un des éléments de capteurs chimiques.

3.2.2
élémient de capteur biochimique piézoélectrique
composant de capteur piézoélectrique qui comprend une <couche réceptive (matériau de
recomnaissance cible) nécessaire au mesurage pratique de.molécules biologiques complexes
en gdiantité, et qui fonctionne essentiellement en milieu aqueux et y détecte les biomolécules

3.3 | Types de capteurs physiques

3.3.1
élémient de capteur de force piézoélectrique
composant de capteur piézoélectriqgue dont la fréquence de résonance, le retard Qu la
charge/tension électrique est utilisé(e) pour mesurer la force

3.3.2
élémient de capteur de pression-piézoélectrique
composant de capteur piézogélectrique dont la fréquence de résonance, le retard Qu la
charge/tension électrique est.utilisé(e) pour mesurer la pression

3.3.3
élémient de capteur de couple piézoélectrique
composant de eapteur piézoélectrique dont la fréquence de résonance, le retard qu la
charge/tension‘électrique est utilisé(e) pour mesurer le couple

33

gain d' |nsert|on est utlllse(e) pour mesurer la viscosité

3.3.5

élément de capteur de température piézoélectrique

composant de capteur piézoélectrique dont la fréquence de résonance ou le retard est utilisé(e)
pour mesurer la température

3.3.6

élément de capteur d'épaisseur de film piézoélectrique

composant de capteur piézoélectrique dont la fréquence de résonance est utilisée pour mesurer
I'épaisseur de film
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3.4 Types de modules de capteurs

3.41

module de capteur a OAS sans fil

élément ou cellule de capteur piézoélectrique équipé(e) d’'une antenne de connexion sans fil a
une unité d'interrogation

Note 1 a l'article: Dans le cas présent, les éléments de type résonateur et de type a ligne a retard de I'OAS sont
utilisés pour I’élément ou la cellule de capteur piézoélectrique.

3.4.2

module de capteur bimode
élément ou cellule de capteur bimode équipé(e) de circuits pour la compensationh de
tempgrature et d'accessoires électroniques qui assurent l'interface avec les acquisitions de
donnges externes

Note 1 a l'article: Le capteur bimode est un capteur piézoélectrique capable de détecter des-grandeurs phys$iques
a parfir d'une variation des fréquences de résonance de deux modes indépendants surl/une méme plaque
piézoglectrique (voir I'lEC 63041-3:2020, 3.1.5).

3.5 | Types de systémes de capteurs

3.5.1
systéme de capteur a OAS sans fil
termg générique qui inclut des capteurs a OAS sans fil et un, lecteur pour I’envoi et la réception
des dignaux de radiofréquence

VOIR: Annexe C.

3.5.2
systéme de capteur bimode
term£ générique qui inclut des modules de capteurs a quartz, un dispositif électriqu¢, un
ordinfateur personnel, une mémoire, des dispositifs avec ou sans fil, un logiciel et du matgriel,
etc.

4

rd .Y

bymboles des éléments-de capteurs

4.1 Généralités

Les Figures 1 a 6 représentent les schémas conceptuels et les symboles définis podr les
éléments de capteurs de type résonateur a onde acoustique de volume (OAV), de|type
résomateur a OAS\et de type a ligne a retard a OAS. Les symboles sont essentiellement les
mémes que ceux indiqués dans I'lEC 60122-1, I''EC 61019-1 et I'lEC 60862-1.

La Flgure 7 et la Figure 8 représentent le schéma conceptuel et le symbole défini poJr les
élémpents’de capteurs de type non acoustique.

Les Figures 9 a 12 représentent le schéma conceptuel et le symbole défini pour les éléments
de capteurs de type résonateur a OAS et de type a ligne a retard a OAS sans fil. Cette
configuration est présentée a I’Annexe C.

NOTE La diagonale de la Figure 2, la Figure 4, la Figure 6, la Figure 8, la Figure 10 et la Figure 12 exprime les
modifications apportées aux objets a mesurer.

Il convient que les symboles littéraux (voir 4.7) qui présentent les types de capteurs soient
définis dans le cercle en haut a droite de la Figure 2, la Figure 4, la Figure 6, la Figure 8, la
Figure 10 et la Figure 12, et pour chaque application de capteur.
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4.2

Symbole des éléments de capteurs de type résonateur a OAV

La Figure 1 représente les schémas conceptuels des éléments de capteurs de type
résonateur a OAV dont une partie du montage est ignorée. La Figure 2 représente le symbole
des éléments de capteurs de type résonateur a OAV.

Figure 1 — Schémas conceptuels des éléments de capteurs de type résonateur a O

NOTE

4.3

IEC

La Figure 1 présente des exemples d’éléments de capteurs de type a disque et de type a lyre.

Figure 2 — Symbole des éléments de capteurs de type résonateur a OAV

I_

IEC

Symbole des éléments de capteurs.de‘type résonateur a OAS

AV

La Flgure 3 et la Figure 4 représentent-respectivement le schéma conceptuel et le symbole
pour |les éléments de capteurs de type\résonateur a OAS.

Réflecteur TID Réflecteur
IEC

Fi|gure 3 — Schéma conceptuel des éléments de capteurs de type résonateur a OAS

O

IEC

Figure 4 — Symbole des éléments de capteurs de type résonateur a OAS
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4.4 Symbole des éléments de capteurs de type a ligne a retard a OAS

La Figure 5 et la Figure 6 représentent respectivement le schéma conceptuel et le symbole
pour les éléments de capteurs de type a ligne a retard a OAS.

TID TID [EC

re 5 — Schéma conceptuel des éléments de capteurs de type a ligne @yretard a DAS

izl

Figure 6 — Symbole des éléments de capteurs de type a ligne a retard a OAS

Figu

4.5 | Symbole des éléments de capteurs dée’type non acoustique

non

La Fligure 7 représente les schémas conceptuels des éléments de capteurs de type
des

acouptique dont une partie du montagéest ignorée. La Figure 8 représente le symbolg
éléments de capteurs de type non acoustique.

IEC

Figure 7 — Schémas conceptuels des éléments de capteurs de type non acoustique

O

V3

-/

IEC
Figure 8 — Symbole des éléments de capteurs de type non acoustique

4.6 Symbole des éléments de capteur a OAS sans fil

Les Figures 9 a 12 représentent respectivement le schéma conceptuel et le symbole pour les
éléments de capteurs de type résonateur a OAS et de type a ligne a retard sans fil.
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1
ms

Figure 9 — Schéma conceptuel des éléments de capteurs fondamentaux de.type
résonateur a OAS sans fil

O

IEC,

Figure 10 — Symbole des éléments:de capteurs fondamentaux
de type résonateur-a OAS sans fil

IEC

Rigure-11"— Schéma conceptuel des éléments de capteurs fondamentaux de type
a ligne a retard a réflexion d’OAS sans fil
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