
Full document 
BRITISH STANDARD
 BS EN  
60444-9:2007
Measurement of quartz 
crystal unit  
parameters —
Part 9: Measurement of spurious 
resonances of piezoelectric crystal 
units
The European Standard EN 60444-9:2007 has the status of a  
British Standard

ICS 31.140
���������	�
����
����������������������������������������������	�����


details: BS EN 60444-9:2007

http://www.avadocuments.com/doc/bs-en-60444-9-2007
http://www.avadocuments.com/doc/bs-en-60444-9-2007


BS EN 60444-9:2007

F

This British Standard was 
published under the authority 
of the Standards Policy and 
Strategy Committee  
on 31 May 2007

© BSI 2007
ISBN 978 0 580 50668 0
ull document details: BS EN 60444
National foreword

This British Standard was published by BSI. It is the UK implementation of 
EN 60444-9:2007. It is identical with IEC 60444-9:2007.
The UK participation in its preparation was entrusted to Technical Committee 
EPL/49, Piezoelectric devices for frequency control and selection.
A list of organizations represented on this committee can be obtained on 
request to its secretary.
This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application.
Compliance with a British Standard cannot confer immunity from 
legal obligations. 
Amendments issued since publication

Amd. No. Date Comments
-9:2007

http://www.avadocuments.com/doc/bs-en-60444-9-2007
http://www.avadocuments.com/doc/bs-en-60444-9-2007


  
EUROPEAN STANDARD EN 60444-9 

NORME EUROPÉENNE  

EUROPÄISCHE NORM April 2007 
 

CENELEC 
European Committee for Electrotechnical Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

 
Central Secretariat: rue de Stassart 35, B - 1050 Brussels 

 
 
© 2007 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members. 

 Ref. No. EN 60444-9:2007 E 
 

ICS 31.140 
 
 

English version 
 
 

Measurement of quartz crystal unit parameters -  
Part 9: Measurement of spurious resonances  

of piezoelectric crystal units 
(IEC 60444-9:2007) 

 
 
Mesure des paramètres  
des résonateurs à quartz -  
Partie 9: Mesure des résonances 
parasites des quartz piézoélectriques 
(CEI 60444-9:2007) 

 Messung von Schwingquarz-Parametern -
Teil 9: Messung der Nebenresonanzen 
von Schwingquarzen  
(IEC 60444-9:2007) 

 
 
 
 

This European Standard was approved by CENELEC on 2007-03-01. CENELEC members are bound to comply 
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard 
the status of a national standard without any alteration. 
 
Up-to-date lists and bibliographical references concerning such national standards may be obtained on 
application to the Central Secretariat or to any CENELEC member. 
 
This European Standard exists in two official versions (English and German). A version in any other language 
made by translation under the responsibility of a CENELEC member into its own language and notified to the 
Central Secretariat has the same status as the official versions. 
 
CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Cyprus, the 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 
 

Full document details: BS EN 60444-9:2007

http://dx.doi.org/10.3403/30123441U
http://www.avadocuments.com/doc/bs-en-60444-9-2007
http://www.avadocuments.com/doc/bs-en-60444-9-2007


 

Foreword 

The text of document 49/764/FDIS, future edition 1 of IEC 60444-9, prepared by IEC TC 49, Piezoelectric 
and dielectric devices for frequency control and selection, was submitted to the IEC-CENELEC parallel 
vote and was approved by CENELEC as EN 60444-9 on 2007-03-01. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2007-12-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2010-03-01 

__________ 

Endorsement notice 

The text of the International Standard IEC 60444-9:2007 was approved by CENELEC as a European 
Standard without any modification. 

__________ 
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MEASUREMENT OF QUARTZ 
CRYSTAL UNIT PARAMETERS –  

 
Part 9: Measurement of spurious resonances  

of piezoelectric crystal units 
 
 
 

1 Scope 

This part of IEC 60444 describes two methods for determining the spurious (unwanted) modes 
of piezoelectric crystal resonators. It extends the capabilities and improves the reproducibility 
and accuracy compared to previous methods. 

The previous methods described in IEC 60283 (1968) were based on the use of a measuring 
bridge, which applies to non-traceable components such as variable resistors and a hybrid 
transformer, which are no longer commercially available. 

Method A (Full parameter determination) 

Full parameter determination allows the determination of the equivalent parameters of the 
spurious resonances and is based on the methods described in IEC 60444-5 using the same 
measurement equipment. It is the preferred method, which can be applied to the 
measurement of low and medium impedance spurious resonances up to several kΩ. 

Method B (Resistance determination) 

Resistance determination should be used for the determination of high impedance spurious 
resonances as specified, for example for certain filter crystals. It uses the same test 
equipment as method A in conjunction with a test fixture, which consists of commercially 
available microwave components such as a 180° hybrid coupler and a 10 dB attenuator, which 
are well-defined in a 50 Ω environment. This method is an improvement to the “reference 
method” of the obsolete IEC 60283. 

2 Overview 

Piezoelectric crystal units show multiple resonances, which can be electrically represented by 
a parallel connection of a number of series resonant circuits. The one-port equivalent circuit 
of the complete crystal unit is shown in Figure 1 (taken from IEC 60444-5). 
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Figure 1 – General one-port equivalent circuit for multiple resonances  

The total admittance Ytot of the equivalent circuit for n resonance modes is therefore 

 Ytot = G0 + jωC0 + i
i
Y∑  (1) 

with 

 Yi = Gi + jBi = 
1

i i
i

1R j L
j C

−
⎛ ⎞

+ ω +⎜ ⎟ω⎝ ⎠
   (i = 1,2,…n) (2) 

Index i = 1 represents the main mode, while i = 2 … n  represents the spurious resonance 
modes. 

The spurious modes are regarded as uncoupled modes. Coupled modes can also be found by 
the described test methods, however their strong amplitude dependence does not allow for 
the precise determination of their parameters. 

The attenuation i
spura , of a spurious mode i, is defined as the logarithmic ratio (expressed in 

dB) of its resistance Ri, to the resistance R1 of the main mode: 

 i i
spur 10

1

R
a 20 log

R
⎛ ⎞

= ⋅ ⎜ ⎟
⎝ ⎠

 (3) 

Figure 2 shows a typical spectrum for the spurious resonances of an AT-cut quartz crystal unit 
as displayed on a spectrum analyzer using a π-network according to IEC 60444-1. 
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