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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT OF QUARTZ
CRYSTAL UNIT PARAMETERS -

Part 9: Measurement of spurious resonances
of piezoelectric crystal units

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have [the férm ofyrecommendations for international use and ‘are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannet{be ;held .responsibletfarthe,way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible inl‘their’.national and regional publications. Any divergence
between any IEC Publication and.thejcorresponding national -orregionalipublication.shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60444-9 has been prepared by IEC technical committee 49:
Piezoelectric and dielectric devices for frequency control and selection.

This bilingual version (2013-08) corresponds to the monolingual English version, published in
2007-02.

The text of this standard is based on the following documents:

FDIS Report on voting
49/764/FDIS 49/774/RVD

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

The French version of this standard has not been voted upon.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of IEC 60444 series, published under the general title Measurement of quartz
crystal unit parameters, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.
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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 s .based on the methodsydescribediin IEC;60444-5 using the same
measurement equipment.” It "is" the  preferred method, which—~“can be applied to the
measurement of low and mediumcimpedance,;spurious-resonances up to several kQ.

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 Q 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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Rq Ry R3

IEC 324/07

Figure 1 — General one-port equivalent circuit for multiple resonances

The total admittance Y, of the equivalent circuit for » resonance modes is therefore

Yiot = Go +joCy + XY, (1)
i
with
1 -1
Yi= Gi+jBi= (Ri+j(DLi+_—J (I= 1,2,]1) (2)
joC;

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 aispur, of a spurious mode /, is defined as the logarithmic ratio (expressed in

dB) of its resistance R;, to the resistance R, of the main mode:

R.
agpur = 20-logy (R_1] (3)
1

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 m-network according to IEC 60444-1.
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Figure 2 — Spectrum of spurious responses

NOTE The attenuation values measured on a network analyzer depend on the termination resistance of the test
fixture used (e.g. 25 Q for a m-network of IEC 60444-1). They are different from the spurious attenuation as
computed from equation (3).

NOTE The frequencies and attenuation values ‘measuréd on la networkyanalyzer'are different if the crystal
resonator is connected to a load capacitor.

See also note under 3.2.1.2.

3 Measurementmethods

The following measurement parameters are necessary and should be given in the detail
specification:

» frequency range of the spurious resonances FRg,, to be evaluated;
e level of drive.

Care must be taken in selecting a suitable measurement (sweep) time.

3.1 Method A (Full parameter determination)

The measurement system consists of a m-network or an s-parameter test fixture in
accordance with IEC 60444-1 and IEC 60444-5 in conjunction with a network analyzer or an
equivalent setup.

The admittance of the crystal is measured within the specified frequency range FRg,. The

spurious resonances are isolated with the method of successive removal of resonances. From
the admittance data, the equivalent circuit parameters of the various resonance modes are
computed using one of the evaluation procedures described in IEC 60444-5.

3.1.1 Measurement procedure
The technique is described in more detail in [1]1. The measurement sequence is as follows:

a) measurement of the static capacitance Cj as in IEC 60444-5;

1 Figures in square brackets refer to the bibliography.
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b)

measurement of the main mode parameters (i = 1) as in IEC 60444-5, the resulting
parameters are:
series resonance frequency fg = f; = ;)—1

T

equivalent electrical parameters R4, C4, and L4, and

. _ 0)1L1 1
uality factor Q = == 4
quality 0= 04 R oCiRy (4)
measurement of the complex admittance Y,44(/) in the specified frequency range FRg,
Measurement parameters:
Assuming

0y, 03, -..0n = 04 (5)

the minimum settling time ¢, for each frequency is:

lset = 2—: (6)

For at least two data points within the resonance bandwidth, the minimum number of data
points N is

FR

N2 DL sPur (7)
Q
The minimum sweep time Iswp is then
Iswp = fset - N (8)

NOTE If necessary the frequency sweep range FRsp,r must be divided into several sub-intervals.

Resulting parameters:

The array of complex admittance Y,.¢(f), expressed, for example as arrays for magnitude
[Y,es(7)|, phase @ (/) and frequency f{j) with j = 1,2, ... N and f{1) = 1, the frequency of
the main mode.

Search for spurious resonance peaks

The search for spurious resonances requires several steps to distinguish the resonance
peaks from noise peaks and from broadband responses.

See flowchart in Figure 3 for reference.
— ldentify local maxima of Re(Y,44(7)) for neighbouring data points (; -1, j, j +1)

For the analysis the real part of the admittance is used.
Re(Yres(/)) = [Yres(/)]-cOS(Pres (/) (9)

Forj =2 ...N—1 the admittance values are analysed as follows:
If

Re(Y,es(f)) > Re(Y,es(/—1)) and Re(Y,gs(/)) > Re(Y,o5(7+1))

then
foeak - f{j) is a candidate for a spurious resonance peak.
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— Distinguish between real peaks and fake peaks

Fake peaks due to noise, etc. can be identified by assuming a realistic O-value for the
spurious resonances with respect to Q4 as determined in step b).

Upper limit O 5y
Omax = kmax' @1 With k5 = 2 ... 10 (recommended: k4, = 5) (10)

The minimum 3 dB half-bandwidth BW,;, for a spurious resonance peak is therefore

BW, fi

min =
2‘Qmax

(11)

For each candidate for a spurious resonance peak, the data points next to |Y,es(/peak)!
are inspected. If the amplitude at each side is less than according to Omax:

Yres (fpeak )‘
Yres (fpeak * BWmin )

<2 (12)

then this peak is still accepted as a candidate. Otherwise, the peak is considered as a
fake.

Lower limit Qpin:
Omin = kmin"01 With k;, =0,1...0,65 (recommended: k., = 0,2) (13)

The maximum 3 dB half-bandwidth BW,

max 1Or @ spurious resonance peak is therefore

BW, fl

max =
2'Qmin

(14)

For each candidate for a spurious resonance peak , the data points next to |Yres(fpeak)|
are inspected. If the amplitude at each side is greater than according to Oy ,«:

Yies (fpeak )‘
Yres (fpeak T BWmax )

>\2 (15)

then the selected peak is accepted as a true spurious resonance peak. Otherwise, the
peak is considered as a fake.

Resulting parameters: n—1 spurious resonance frequencies f,, (i =2 ... n)

NOTE If the spurious resonances are very close to strong modes, it is recommended that a 1 dB instead of a 3 dB

bandwidth is used. In the above equations, the term \/E must then be replaced by the factor 1,122, and the values
for BWmax and BWnin must be changed accordingly.
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Increment j by 1

A

Re(Y(?) > Re(¥(j-1))
AND
Re(X(7)) > Re(¥(j+1))

START =2

| Y(fi)eak) |

| Y(fpeak * BWmax)|

>2

YES

v

Peak is a resonance peak

IEC 326/07

Figure 3 — Flowchart for spurious resonance search

d) zooming of the identified spurious resonances

For each of the true spurious peaks fspur(i) identified in step c) a new set of admittance
data is taken by zooming the frequency intervals fg,,, (i) £ BWy, 5 With at least N; = 11 data
points per sweep interval and a minimum sweep time ¢ f

t > 10'\/Qmin 'Qmax

swp = Kk

swp ©

(16)

min "~ 9
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Resulting parameters:
Arrays of admittances for each spurious resonance Yria1W (f) expressed by the arrays of

amplitude

Yl (])‘ , phase arg(YrieS(j)), and frequency /() withi=2..n and;j=1... 11
e) removal of the admittances of the main mode (i = 1) and of Cy

From each set of raw admittances Y!

raw () the contribution of the main mode and of the
static capacitance C, are subtracted.

Yis (£) = Yiw (£) = Y400 = Yo(f) (i=2..n) (17)
with
1 -1
Yy(f) = [Ri+iji+. ] (18)
JoC;
Yo (/)= joCo (19)
o =2nf (20)

Resulting parameters:
Arrays of admittances for each spurious resonance Yries (f) expressed by the arrays of

amplitude

Yl (])‘ phase arg(YrieS(j)), and frequency /(i) withi=2...n andj=1... 11

f) Calculation of the series resonance-frequency’/and the equivalent parameters of the
strongest (remaining)‘mode

The strongest (remaining) mode is selected. This is the k" mode, in which the maximum
value of the real part given by

max(Re(Yries (f)))

is largest.

Calculation for the series resonance frequencyfks, the motional parameters Ry, Cyx, and Ly,
and the QO-factor Q4 from Ykres(f) are given in IEC 60444-5.

Resulting parameters:

Series resonance frequency fsk, motional parameters R,, Cy, Ly, and O, of strongest
(remaining) mode.
NOTE If the settling time computed from

k Qk (21)

they = ——
' anfk

tswp

is larger than (see equation (16)), then the measurement of that spurious mode must be repeated with an

1
accordingly corrected sweep time.

g) Removal of the evaluated spurious resonance

From all remaining sets of admittances Yries(f) the contribution of the 4" spurious mode
evaluated in f) is subtracted.
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