IEC 63041-1:2017-12(en-fr)

IEC 63041-1

INTERNATIONAL
STANDARD

N

A

N
INTERNATIONALE S

\/
oS
©
<</O
4 6\\

Piezog¢lectric sensors — QQ
Part 1 Generic specifications s\\§\
Capteprs piézoélectriques — \‘,QQ)

Partie|1: Spécification générique \@%



https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

IEC Central Office

3, rue d¢ Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

Tel.: +41 22 919 02 11

About the|lEC

The Interpational Electrotechnical Commission (IEC) is the leading global organization that prepares and|publishes

International Standards for all electrical, electronic and related technologies.

About IEC publications

The technjcal content of IEC publications is kept under constant review by the IEG. Please make sure that yoy have the

latest editlon, a corrigendum or an amendment might have been published.

IEC publigations search - webstore.iec.ch/advsearchform
The advarjced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee|...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Rublished - webstore.iec.ch/justpublished

Stay up td date on all new IEC publications. Just Published
details all{new publications released. Available online and
once a mopth by email.

IEC Custamer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Electropedia~ www.electropedia.org
The world's~leading online dictionary on electrofechnology,
containingymore than 22 000 terminological entrie§ in English
and French, with equivalent terms in 16 additional [anguages.
Also Known as the International Electrotechnical Yocabulary
(IEV)-online.

IEC Glossary - std.iec.ch/glossary
67 000 electrotechnical terminology entries in Ehglish and
French extracted from the Terms and Definitiony clause of
IEC publications issued since 2002. Some entries jhave been
collected from earlier publications of IEC TC 37, {7, 86 and
CISPR.

A propos de I'lEC

La Comm|ssion Electrotechnique. lnternationale (IEC) est la premiére organisation mondiale qui élabore et publie des

Normes in

A propos
Le conten
plus récer]

ternationales pour teut.ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

des publications\|IEC
U technique des\publications IEC est constamment revu. Veuillez vous assurer que vous possédez
te, un corrigeéndum ou amendement peut avoir été publié.

‘édition la

Recherche de publications IEC -
webstore.jec,ch/advsearchform
La recherche ‘avancée permet de trouver des publications IEC

Electropedia - www.electropedia.org
Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminoldgiques en

en gtilisa differents—criteres (num.'"r" d." r"‘f’"rﬂlnm, toxte;
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

anglais-et-en-francais—ains-queles—termes—équivalents dans
16 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

67 000 entrées terminologiques électrotechniques, en anglais
et en frangais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'lEC.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

IEC 63041-1

Edition 1.0 2017-12

INTERNATIONAL
STANDARD

N X\
INTERNATIONALE iy

Piezoe¢lectric sensors —
Part 1f Generic specifications s\\§\

Capteurs piézoélectriques — S\
Partie|1: Spécification générique §\®$
xO
O
N\
O
>
N
&

O
N
INTERNATIONAL

ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 31.140 ISBN 978-2-8322-7414-9

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

-2- IEC 63041-1:2017 © IEC 2017

CONTENTS

O T T 1 I PP 5
S T oo o 1S 7
NOrMative referENCES .. o 7
Terms and definitioNs .. .o 7
3.1 =Y a1 = Y PP 7
3.2 PiezZ0eleCtiC SENSOIS .. e 8
3.3 Types Of CheMICAl SENSOIS ... ..cuiiiiii e e 8
3.4 Types of PhySIiCal SENSOIS ......iuii e 9
SyMbols Of SENSOr @IEMENES ........ocveeeeieeeeeeieeeeeeeeeeeeeeeeee e e 9
4.1 GeNeral. .o N L 9
4.2 Symbol for sensor elements of BAW resonator type........coooveven b . 10
4.3 Symbol for sensor elements of SAW resonator type.........coooo B 10
4.4 Symbol for sensor elements of SAW delay-line type.............. N 11
4.5 Symbol for sensor elements of non-acoustic type..............(c e 11
4.6 SYMDOIS .ot 11
SPECIfiCatioNS .....ooviiii e e N e 12
5.1 Sensor elements . ... T e 12
5.1]1 General .....ooouiiiiei S e 12
5.112 Sensor elements of resonator and delay-line types.........cc.ccooiii b 12
5.1|3 Sensor elements of non-acoustic type/........cccooiiiiiiiiiiii 13
5.2 Frequency ranges .....oocoovveneeneene @& 13
5.3 Level of drive or input power ... .. 8. e 13
5.4 Unwanted response ......covve s 13
5.5 Analysis of measurements ..oy . oo 13
5.6 ENCIOSUIE oo A et 14
5.7 Performance confirmation ... e 14
5.8 Long-term and short-term stabilities ... 14
Mepsurement and detection methods ... 14
Delivery CONAItiONS o . e e e 14
7.1 =T 4 o TR USRS BRSR 14
7.2 LTAT A = 0 21 o PP IS 14
7.3 PatKkaging ... ocueieiiie e e 14
QuALItY aNnd reliability ........ooooii e 15
81 T REUSE I e, 15
8.2 Validity Of FEIEASE ...ueeiie i 15
8.3 =53 Qo e Yo7 LU T /= 1= 15
8.4 SCreENING rEQUITEMENTS ..ttt e e e e e ea e eaees 15
8.5 Unchecked parameters ... ... e 15
Test and measurement ProCEAUIES ... ... i e 15
9.1 L= o= ¥ S 15
9.1.1 Classification Of tEStS. . ..t 15
9.1.2 ShIPPING teSt Lo 15
9.1.3 Mechanical and environmental test.............o 15
9.2 Test and measurement CONAitiONS ... ... 16
9.2.1 Standard conditions for testing ..o 16

9.2.2 EQUIlIbrium state ... 16


https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

IEC 63041-1:2017 © |IEC 2017 -3-

9.2.3 Lo N1 T UT o] o Y2 16
9.2.4 Alternative test system ... 16
9.2.5 Visual INSPECHION L. e 17
9.3 Test conditions for ShIPMENT ... 17
9.3.1 Temperature dependence of frequency, phase, insertion loss/gain,
motional resistance, and electric charge / voltage............cooooiiiiiiiiis 17
9.3.2 UNWanted FeSPONSE ... 17
9.3.3 Shunt CapacitanCe ... ..o 17
9.3.4 INsulation resSiStanCe ... ... 17
Annex A (normative) Measurement Mmethods ........ooouiiii i 18
A1 L T=T 1= - 1 P PSPPI RPN 18
A.2 Measurement methods using reflection and transmission characteristics 'x..%|........ 18
A.3 Measurement methods using oscillation circuits............co.oo ST 19
A.4 Measurement method of non-acoustic type sensor elements and cells..........|........ 20
A5 Other measurement methods ... 20
Annex B (normative) Detection methods ........cccooovviiiiiiin 0 21
B.1 General.....ooooii e 21
B.2 Detection methods ... W S 21
B.2.1 Frequency difference measurement................(O % i 21
B.2.2 Insertion loss/gain measurement .............m b e 22
B.2.3 Phase difference measurement........... .84 . i 22
B.2.4 Other detection methods.... ... SN e e 23
(271 [T o - 4 V28 PP NP 24
Figure 1 — Conceptual diagrams for sensorielements of BAW resonator type............... ... 10
Figure 4 — Symbol for sensor elements-of BAW resonator type ... f 10
Figure 3 — Conceptual diagram of sensor elements of SAW resonator type.................. ... 10
Figure 4 — Symbol for sensor elements of SAW resonator type .........coooovvviiiiinn b, 10
Figure § — Conceptual diagram for sensor elements of SAW delay-line type ................ ... 11
Figure § — Symbol for sensor elements of SAW delay-line type..........coooiiiin s 11
Figure 71 — Conceptual diagrams for sensor elements of non-acoustic type................... f....... 11
Figure § — Symbol foer sensor elements of non-acoustic type..........cccooviviiiiiiiinn . 11
Figure A.1 — Measurement method using reflection characteristics of BAW resonator
type semsor(elements and Cells ... 18
Figure A.2< Measurement method using reflection characteristics of SAW resonator

type sensor elements and CeIIS ... 18

Figure A.3 — Measurement method using transmission characteristics of SAW delay-
line type sensor elements and CelIS ... 19

Figure A.4 — Measurement method using oscillation circuit consisting of BAW
resonator type sensor elements and Cells ... ... 19

Figure A.5 — Measurement method using oscillation circuit consisting of SAW
resonator type sensor elements and Cells ... 19

Figure A.6 — Measurement method using oscillation circuit consisting of SAW delay-
line type sensor elements and CelIS ... 20

Figure A.7 — Measurement method using amplifier consisting of non-acoustic type
sensor elements and CellS. ... e 20

Figure B.1 — Measurement of frequency difference using two oscillation circuits ................... 21


https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

-4 - IEC 63041-1:2017 © IEC 2017

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

frEQUENCY SYNINESIZEN ..o e 22
Figure B.3 — Measurement of insertion loss/gain difference using two oscillation
o3 T o 1 £ P 22

Figure B.4 — Measurement of phase difference using signal generator and phase
Lo 1= =T (o PPN 23



https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

IEC 63041-1:2017 © |IEC 2017 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

Internat
Piezoelgctric, dielectric and electrostatic devices and associated materials for fre

The In
all ndg
intern
this e
Techn|
Publig
in the
gover
with t
agree

The fd
conse
intere

IEC P
Comn
Publig
misint]
In ord
transp
betwe
the laf

IEC it
asses
servic

All us

No lia
memb
other
expen
Publig

Attent
indisp
Attent
patent

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC SENSORS -
Part 1: Generic specifications

FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization c

omprising

tional electrotechnical committees (IEC National Committees). The object of IEC is xto]
htional co-operation on all questions concerning standardization in the electrical and electrgnic
hd and in addition to other activities, IEC publishes International Standards, Technical“Speg
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
ation(s)”). Their preparation is entrusted to technical committees; any IEC National Cogmmittee
subject dealt with may participate in this preparatory work. International, gevernmental
mental organizations liaising with the IEC also participate in this preparation. \leC collaboratg

nent between the two organizations.

rmal decisions or agreements of IEC on technical matters express, as nearly as possible, an int
hsus of opinion on the relevant subjects since each technical committee has representatiol
Eted IEC National Committees.

ublications have the form of recommendations for internatiopal ‘use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made-~{g_ensure that the technical contg
ations is accurate, IEC cannot be held responsible for~the way in which they are used g
erpretation by any end user.

er to promote international uniformity, IEC National €ommittees undertake to apply IEC Py
arently to the maximum extent possible in their, national and regional publications. Any d
en any IEC Publication and the corresponding natiénal or regional publication shall be clearly in
ter.

5elf does not provide any attestation of conformity. Independent certification bodies provide (
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

ers should ensure that they have the latest edition of this publication.

bility shall attach to IEC or its\directors, employees, servants or agents including individual ex
ers of its technical committeesyand IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
ses arising out of the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn to the_Normative references cited in this publication. Use of the referenced publi
Ensable for the _correct application of this publication.

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

onal.Standard IEC 63041-1 has been prepared by IEC technical committee

promote
fields. To
ifications,
as “IEC
nterested
and non-
bs closely

he International Organization for Standardization (ISO) in accordance with\conditions detefmined by

Ernational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity

e for any

perts and
amage or
fees) and
bther IEC

cations is

fubject of

TC 49:

bquency

control, selection and detection.

This bilingual version (2019-11) corresponds to the monolingual English version, published in
2017-12.

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

CbhV Report on voting
49/1220/CDV 49/1249/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.
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The French version of this standard has not been voted upon.
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 63041 series, published under the general title Piezoelectric
sensors, can be found on the IEC website.
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PIEZOELECTRIC SENSORS -

Part 1: Generic specifications

1 Scope

This part of IEC 63041 applies to piezoelectric sensors of resonator, delay-li
non-acoustic types, which are used in physical and engineering sciences, chemistry and

ne and

bioche

The pul
sensors|
state-of

2 Nol

The foll
content
cited ap

ISTry, medical and environmental sciences, etc.

pose of this document is to specify the terms and definitions for the ‘piezoelectric

and to make sure from a technological perspective that usershunderst
art piezoelectric sensors and how to use them correctly.

mative references

pwing documents are referred to in the text in such @ 'way that some or all
constitutes requirements of this document. For dated references, only the
plies. For undated references, the latest edition of.the referenced document (i

any ame¢ndments) applies.

IEC 600

IEC 600
dielectr
and det

IEC 601
use of (
units fo

IEC 604
Spurious

IEC 606

ISO 285

27 (all parts), Letter symbols to be used in*electrical technology

50-561:2014, International Electrotechnical Vocabulary — Part 561: Piezo
c and electrostatic devices and associated materials for frequency control, §
bction

22-2-1, Quartz crystal units for frequency control and selection — Part 2: Guid
yuartz crystal units for frequency control and selection — Section One: Quart2
microprocessor clock supply

44-9, Measurement of quartz crystal unit parameters — Part 9. Measure
b resonances,of-piezoelectric crystal units

17, Graphjcal symbols for diagrams, available at http://std.iec.ch/iec60617

9-1:1999, Sampling procedures for inspection by attributes — Part 1: §

scheme

and the

of their
edition
ncluding

electric,

election

e to the
r crystal

ment of

ampling

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

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

3 Ter

ms and definitions

3.1 General

For the

purpose of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

address

e |EC
e |SO

es,;

Electropedia: available at http://www.electropedia.org/

Online browsing platform: available at http;//www.iso,org/obp
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Units, letter symbols and terminology shall, wherever possible, be taken from the following
standards: IEC 60027, IEC 60050-561, IEC 60617, and 1ISO 80000-1.

NOTE Piezoelectric sensors covered herein are those used for the detection and measurement of physical

quantities

3.2 P
3.2.1

, chemical substances or biological molecules.

iezoelectric sensors

piezoelectric sensor element
electronic component which is able to detect physical quantities as a change in its frequency,
phase, delay, electrical charge, resistance, Q-value, bandwidth, etc.

Note 1 to
sensitive

3.2.2
resonat
piezoeld

3.2.3

delay li
piezoeld
transver

3.2.4

entry: For chemical and biochemical sensor applications, the piezoelectric sensor element i
br receptive layer (target recognition material).

or type sensor element
ctric sensor component using acoustic resonances

he type sensor element
ctric sensor component using a surface acoustic\wave (SAW) delay
sal type

non-acoustic type sensor element

piezoeld
torque ¢

Note 1 tq
(piezoele

3.2.5
piezoel
sensor
correctl

3.2.6
piezoel
sensor
acquisit

3.2.7

ctric sensor component using the electrical>charge induced by a quasi-stat
r the like

entry: Here, the term, "non-acoustic’;\represents "quasi-static piezoelectric". Accordi
tric) non-acoustic type sensor element means a sensor element using the quasi-static piezoeled

ectric sensor cell

hcludes a

tline of

c force,

ngly, the
tric effect.

element equipped with\ necessary mechanical accessories and attachmlents to

detect the parameters'to be measured

pctric sensor module
element or.cell equipped with electronic accessories for interfacing to exter
ons

piezoel

hal data

betric sensor

generic

3.2.8
QCM

term that includes a sensor element, cell and module

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

Note 1 to

entry: A thickness share mode (TSM) sensor is identical with a QCM.

3.3 Types of chemical sensors

3.3.1

piezoelectric chemical sensor element
piezoelectric sensor component including a sensitive layer (target recognition material), which
is necessary for the practical measurement of simple non-biological molecules in quantity,
and which works and detects chemical substances mainly in the gas phase
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Note 1 to entry: A gas sensor element is one of the chemical sensor elements.

3.3.2

piezoelectric biochemical sensor element

piezoelectric sensor component including a receptive layer (target recognition material), which
is necessary for the practical measurement of complex biological molecules in quantity, and
which works mainly in aqueous media and detects biomolecules therein

3.4 Types of physical sensors

3.4.1

piezoelectric force sensor element
piezoelectric _sensor _component whose resonance frequency, delay or electrical
chargel/yoltage is used for force measurement

3.4.2
piezoelgctric pressure sensor element
piezoelgctric sensor component whose resonance frequency, delay or €fectrical
chargel/yoltage is used for pressure measurement

3.4.3
piezoelectric torque sensor element
piezoelgctric sensor component whose resonance frequency, delay or €fectrical
chargel/yoltage is used for torque measurement

3.4.4
piezoelgctric viscosity sensor element
piezoelgctric sensor component whose resonange frequency, delay or insertion losg/gain is
used for viscosity measurement

3.4.5
piezoelgctric temperature sensor element
piezoelgctric sensor component whose resonance frequency or delay is used for temperature
measureé¢ment

3.4.6
piezoelgctric film-thickness sensor element
piezoelgctric sensor gomponent whose resonance frequency is used for film-thickness
measure¢ment

4 Symbols of'sensor elements

4.1 General

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

Figure 7 and Figure 8 show the conceptual diagram and defined symbol for sensor elements
of non-acoustic type.

NOTE 1 The diagonal line in Figure 2, Figure 4, Figure 6 and Figure 8 shows an emblem expressing changes in
objects to be measured.

NOTE 2 Letter symbols (see 4.6) showing the types of sensors are put in the circle at the upper right corner in
Figure 2, Figure 4, Figure 6 and Figure 8.
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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.

4.3 Slymbol for sensor elements of SAW resonator type

Figure

elements of SAW resonator type.

-n

IEC

igure 1 — Conceptual diagrams for sensor elements of BAW resonator. typ

O
A

1/t

IEC

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

B and Figure 4 show, respectively,sthe conceptual diagram and symbol for

Reflector IDT Reflector

IEC

IEC

Figure 4 — Symbol for sensor elements of SAW resonator type

sensor
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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.

IEC

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

IEC

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

4.5 Symbol for sensor elements of non-=acoustic type

Figure 1 shows the conceptual diagrams-for sensor elements of non-acoustic type from which
a moun{ing portion is omitted. Figure*8-shows the symbol for sensor elements of non-acoustic

type.

IEC

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

O

y 2

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

4.6 Symbols

The symbols put in the circle at the upper right corner in Figure 2, Figure 4, Figure 6 and
Figure 8 are defined below (see ISO 80000 all parts):
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a)
b)
c)
d)
e)
f)
9)
h)

In chemica
occurs between the sensitive or receptive layer and target substances, which is detec

film-
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thickness: d;

force: F;

mas

S: m;

density: p;

pressure: P;

temperature: T;

torque: 7

viscosity: v.

change
Accordi

i)
i)
k)

5 Specifications

5.1

5.1

bioc

chemical: Ch;

gas:

A

In cons

Sensor ¢
to be co

Subclay

elemen
concern

5.1

.2

Sensor

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

k)

rang

Sengy

S

in mass density, viscosity or shear modulus of the sensitive or receptiv

hemical: Bi;

Ga.

lensor elements

General

Elements and cells shall be determjned. They should be defined clearly in the
ncluded between the manufacturerand customers.

ses 5.1.2 and 5.1.3 preseni-key points to be described in the specifications
should be specified -numerically unless confidential technological inform
d.

Sensor elements) of resonator and delay-line types
blements ofuresonator and delay-line types include the following:

e of melasurand;

itivity ;,of output signal with respect to measurand,;

reaction
ed as a
e layer.

ngly, the following specific symbols are defined for biochemical, chemical and gas
sensor ¢lements:

deration of the target sensitivity, dynamic range or the like, the specifications of

contract

. These
ation is

nom

inalfrequency;

frequency tolerance;

parameters of equivalent circuit;

operating temperature range;

unw
leve
inse

dela

anted response;
| of drive or input power;
rtion loss/gain;

y time (for sensor elements of SAW delay-line type);

phase response;

piez
elec

mou

oelectric material, cut angle, or the like;
trode material, dimension, shape, structure or the like;

nting material, dimension, shape, structure or the like;
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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
Sensor elements of non-acoustic type include the following:

a) operating temperature range;
b) piezoelectric material, cut angle, dimension, shape, structure or the like;
c) electrode material, dimension, shape, structure or the like;

d) moulnting material, dimension, shape, structure or the like;

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

f) catelgory of environmental test;
g) othdrs.

5.2 Ffrequency ranges

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

When ohe of the higher-order overtones is used or the freguency deviates from the specified
range, the manufacturer and customer shall consult, and/the results shall clearly be dgfined in
the contract.

NOTE The frequency ranges for sensor elements of non-acoustic type are not defined.
5.3 Level of drive or input power

For sensor elements and cells, the level\of drive or input power shall be limited softhat an
influence of “heat generation” or a “non-linear effect” does not deteriorate their performance.

NOTE The level of drive or input power-férynon-acoustic type sensor elements is not defined.
5.4 Unwanted response

Unwantéd responses shall*be measured based on IEC 60444-9. This rule shall be|applied
only to $ensor elements of BAW resonator type.

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

NOTE Cpngceptually, the sensitivity increases with an increase in the electrode area, which reduces the ratio of
RN/ R.] IIIl‘.IIUI thlb D;tudt;ull, UIIVVGIItUd IUD}JUIIDUD GI‘IKUbt thU IIIG;II ICD'JUIIDG, Glld SCTISUI G:Glllcllt 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 response functions and graphs are obtained as system data.

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

5.8 Long-term and short-term stabilities

howld-be—paidtetong-term—stabitityas—well as to
S

pa
uch as an electronic and/or foréigh noise.

At the time—efthe—measurement—attention
€ (jRe—eotrthe—measHrement—attentot

short-tefm stability affected by a background noise

The spegcifications for long-term and short-term stabilities shall clearly be ‘defined in the
contrac{ to be concluded between the manufacturer and customer; .or in individual
specifications.

NOTE The long-term and short-term stabilities for sensor elements of non-acoustic type are not defined.
6 Measurement and detection methods

Required measurement and detection methods are shown'in Annexes A and B.

7 Deljivery conditions

7.1 Marking

The content to be marked should be selected at least out of the following items. Moreqver, the
marking| shall be made at the place (from which sensor elements and cells can egsily be
viewed o the greatest extent possibleé. If such a place is unavailable, the marking ghall be
made o a packing plane.

a) Type designation as defined in the detailed specifications

b) Year and week (four digits) of manufacture, or serial number
c) Faclory identification’code

d) Name of manufacturer or trade mark

e) Couptry 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.

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.
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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, or in individual specifications.

8.2 Validity of release

Inspection 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
concluded between the manufacturer and customer, or in individual specifications.

8.3 TLst procedures

Test prgcedures to be used shall be selected from this document. If any requiréd test is not
found, then it shall be defined in detailed individual specifications.

8.4 Sicreening requirements

Where $creening by the customer is required for sensor elements and cells, this $hall be
defined |in the detailed individual specifications.

8.5 Unchecked parameters

Only thpse parameters of sensor elements and cellsswhich have been described in detailed
specifications and which were subjected to testingkean be assumed to be within the specified
limits. If should not be assumed that any parameter not specified will remain unchandged from
one semsor element and cells to another. Should it be necessary for further un¢ghecked
parameters to be controlled, then new, moreiextensive and detailed specifications should be
preparefd. The additional test method(s) shall be fully described with appropriate limits, AQLs
and inspection levels specified (see ISO 2859-1).

9 Test and measurement procedures

9.1 General
9.1.1 Classification of tests

The tesls are classified into tests for shipping products, and mechanical and environmental
tests forl 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.
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.
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9.1.3.2 Test samples

With regard to all test samples, the sensor elements and cells which maintain the state
meeting the contract between the manufacturer and customer shall be used. Selection of the
test sample shall be clearly defined in the contract between the manufacturer and customer,
or in individual specifications.

9.1.3.3 Test items

Test items such as vibration, shock, thermal shock, heat resistance, bump, salt fog, ageing,
bending of enclosure and the like are strongly dependent upon the requirement specifications

of sensor elements and cells. Therefore, the test items shall be discussed between the
manufacturer and customer_and shall be settled hy the cantract

9.2 Test and measurement conditions
9.2.1 Standard conditions for testing

Unless |otherwise specified, all of electrical tests shall be conducted“\under the fpllowing
conditiops:

— temperature 15 °C to 35 °C;
— relafive humidity 45 % to 75 %;
— atmgsphere 86 kPa to 106 kPa (860 mbafit{o 1 060 mbar).

If any doubt arises, the following conditions shall be applied:

temperature 25°C 2 °C;
— relafive humidity 48 % to 52 %;

Before ptarting the measurement, the test samples shall be stored at the measprement
(inspectjon) temperature for a period of time enough to reach the thermal equilibrium state.
The ambient temperature during the measurement shall be recorded in the test report.

9.2.2 Equilibrium state

Unless ptherwise specifiedy 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
measurément of characteristics, a means for compensating such dependence ghall be
specified.

9.2.3 Power:supply

When the 0scillation method (see Clause A.3) is employed, a direct current power spupply to
be used—for—testing—samptes—should—trave o Tipptes—which—imfluence—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.

9.24 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.


https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

IEC 63041-1:2017 © |IEC 2017 -17 -

9.2.5 Visual inspection
9.2.5.1 General

Unless otherwise specified, external visual examination shall be performed under normal
factory lighting and visual conditions.

9.2.5.2 Visual test A

The test samples shall visually be examined to ensure that the condition, workmanship and
finish are satisfactory. The marking shall be legible.

9.2.5.3 —\VisualtestB

The test samples should visually be examined under the lighting condition of ten-tijnes the
normal gondition. There shall be no cracks in the glass (base, cover, etc.) or damages to the
terminafions. Minute flaking around the feather edge of a meniscus shall not'be considered a
crack.

9.2.5.4 Visual test C

The test samples shall visually be examined. There shallk/be no corrosion dr other
deteriorption likely to impair satisfactory operation. The marking shall be legible.

9.3 Test conditions for shipment

9.31 Temperature dependence of frequency, phase, insertion loss/gain, motignal
resistance, and electric charge / voltage

The performance of the test samples shall be, méasured under stepwise changing temperature
over thg specified range.

The shipment test shall be conducted either at ordinary temperature or according to the
specification settled in the contractte-be concluded between the manufacturer and cugtomer.

9.3.2 Unwanted response

The measurement of unwanted response shall be applied to sensor elements and |cells of
quartz drystal BAW resonator type (see 5.4).

9.3.3 Shunt capacitance

The shuyint capacitance Cj should be measured at a frequency far below the fundamental
resonance frequency at which sensor elements are not badly affected by acoustic resgonses.

NOTE The shunt capacitance for sensor elements of non-acoustic type is not defined.
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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Measurement methods

A.1 General
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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 characteristics

Figures|A.1 to A.3 show the measurement methods using the reflection and) trans
characteristics, respectively, for sensor elements and cells of BAW and SAW'resonatg
and SAW delay-line type. The methods are basically defined in IEC 60444-1, 6

61019-1.

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

Personal

computer

/ I Network
analyzer

|

|

|

Testfixture

IEC

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

Network
analyzer

Personal

computer

IEC

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

mission
r types,
0444-5,
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Network Personal
analyzer computer

Test fixture

IEC

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

A.3 Measurement methods using oscillation circuits

For a simplified measurement of frequency, the block diagrams of the oscillation method are
shown ip Figures A.4 to A.6.

_I

O
2

Osdcillation circuit Frequency counter

IEC

Figure'Ai4 — Measurement method using oscillation circuit consisting of
BAW resonator type sensor elements and cells

O
/
—
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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o HIPWH H ik
TStmat o Cireutt

Frequency counter

1EC

Figure A.6 — Measurement method using oscillation circuiit consisting of
SAW delay-line type sensor elements and’cells

Measurement method of non-acoustic type sensor elements and cel

The blogk diagram for a simplified measurement of-electric charge/voltage is shown i

A.T.

A.5

O

Amplifier Voltmeter

/77 /77

IEC

Figure A.7 — Measurement method using amplifier consisting of
non-acoustic type sensor elements and cells

S

h Figure

Other measurement methods

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


https://iecnorm.com/api/?name=eabaa9342c45463eb67ee3550d67bca6

IEC 63041-1:2017 © |IEC 2017 -21-

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 in their frequency, phase, delay, insertion loss/gain, etc. in response to detected
physical _quantities or chemical and biochemical reactions. Accordingly, the detection is
conventjonally carried out by the following methods.

B.2 [Detection methods

B.2.1 Frequency difference measurement

The medthod measures a frequency difference between the two~signals generated| by the
oscillatipn circuits employing the detecting and reference sensorelements and cells ag shown
in Figure B.1. A frequency synthesizer may be used as a sourceof the reference frequency as
shown ip Figure B.2.

Detecting 0 Reference
3
=]
— u
#
Oscillation circuit Oscillation circuit

Lowpass filter

Frequency counter

IEC

Figure B.1 — Measurement of frequency difference using two oscillation circuits
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Detecting
0O

} Reference
y.

v

Frequency synthesizer /

Oscillation circuit signal generator

Lowpass filter

Frequency counter

IEC

Figure B.2 — Measurement of frequency difference using @n oscillation circyit
and frequency synthesizer

B.2.2 Insertion loss/gain measurement

If an automatic gain control circuit is added, then the ‘measurement of a change in ipsertion
loss/gaip is made possible for the oscillation signal of'the detecting sensor elements and cells
(see Fidure B.3).

Detecting O Reference
’
1
— \j
A
Oscillation circuit Oscillation circuit
Analyzer

IEC

Figure B.3 — Measurement of insertion loss/gain difference
using two oscillation circuits

B.2.3 Phase difference measurement

For delay-line type sensor elements and cells, a phase difference between the input and
output signals is measured, as shown in Figure B.4.
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o Phase detector

Signal generator ri

Figure B.4 — Measurement of phase difference using signal generator
and phase detector

IEC

B.2.4 Other detection methods

The measurement methods shown in Figures A.1 to A.7 may be\@lso used as detection
methods.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CAPTEURS PIEZOELECTRIQUES -
Partie 1: Spécification générique

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation _mondiale de normalisation
compgsée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). K'IEC a pour
objet fle favoriser la coopération internationale pour toutes les questions de normalisation dansyles [domaines
de I'élpctricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Norme§“interpationales,
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et des
Guidep (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études, aux
travaux desquels tout Comité national intéressé par le sujet traité peut participer! Les orggnisations
internfitionales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égaldgment aux
travaux. L'IEC collabore étroitement avec |'Organisation Internationale de Normalisation (ISO), gelon des
conditjons fixées par accord entre les deux organisations.

2) Les decisions ou accords officiels de I'lEC concernant les questions technigles représentent, dans |a mesure
du popsible, un accord international sur les sujets étudiés, étant donné _queles Comités nationauy de I'lEC
intéregsés sont représentés dans chaque comité d’études.

3) Les Plblications de 'lEC se présentent sous la forme de recommandations internationales et sonf agréées
commg telles par les Comités nationaux de I'lEC. Tous les efforts\taisonnables sont entrepris afin |que I'lEC
s'assyre de I'exactitude du contenu technique de ses publications} IEC ne peut pas étre tenue respopsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faité{par un quelconque utilisateur final.

4) Dans |e but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, danjs toute la
mesure possible, a appliquer de fagon transparente les Rublications de I'lEC dans leurs publications pationales
et rédionales. Toutes divergences entre toutes Pubjlications de I'lEC et toutes publications natignales ou
régionfales correspondantes doivent étre indiquées en\termes clairs dans ces dernieres.

5) L’IEC |elle-méme ne fournit aucune attestation de*conformité. Des organismes de certification ind¢pendants
fournigsent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mgrques de
conformité de I'lEC. L’IEC n'est responsable.d'aucun des services effectués par les organismes de cqrtification
indép¢gndants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publicafion.

7) Aucung responsabilité ne doit étre imputée a I'lEC, a se