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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT OF QUARTZ CRYSTAL UNIT PARAMETERS —

Part 6: Measurement of drive level dependence (DLD)

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
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. The IEC
collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

3) They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

International Standard IEC 444-6 has been prepared by IEC technical committee 49:
Piezoelectric and dielectric devices for frequency control and selection.

It forms part 6 of a series of publications dealing with the measurement of quartz crystal
unit parameters.

Part 1: Basic method for the measurement of resonance frequency and resonance resist-
ance of quartz crystal units by zero phase technique in a it-network, is issued as IEC 444-1
(second edition, 1986).

Part 2: Phase offset method for measurement of motional capacitance of quartz crystal
units, is issued as IEC 444-2 (1980).

Part 3: Basic method for the measurement of two-terminal parameters of qua rtz crystal
units up to 200 MHz by phase technique in a It-network with compensation of the parallel
capacitance Co, is issued as IEC 444-3 (1986).

Part 4: Method for the measurement of the load resonance frequency fL, load resonance
resistance R the calculation of other derived values of qua rtz crystal units, up to
30 MHz, is issued as IEC 444-4 (1988).
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Part 5: Reference method of the measurement of crystal units, using automatic network
analyzer techniques for the determination of equivalent electrical parameters, will be
issued as IEC 444-5.

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

DIS Report on voting  

49(CO)273 49/284/RVD

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

Annex A forms an integral part of this standard.
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INTRODUCTION

The drive level (expressed as power/voltage across or current through the crystal unit)
forces the resonator to produce mechanical oscillations by way of piezoelectric effect. In
this process, the acceleration work is converted to kinetic and elastic energy and the
power loss to heat. The latter conversion is due to the inner and outer friction of the quartz
resonator.

The frictional losses depend on the velocity of the vibrating masses and increase when the
oscillation is no longer linear or when critical velocities, elongations or strains, excursions
or accelerations are attained in the quartz resonator or at its surfaces and mounting points
(see annex A). This causes changes in resistance and frequency, as well as further
changes due to the temperature dependence of these parameters.

At "high" drive levels (e.g. above 1 mW or 1 mA for AT-cut crystal units) changes are
observed by all crystal units and these also can result in irreversible amplitude and
frequency changes. Any further increase of the drive level may destroy the resonator.

Apart from this effect, changes in frequency and resistance are observed at low" drive
levels in some crystal units, e.g. below 1 pW or 50 pA for AT-cut crystal units). In this
case, if the loop gain is not sufficient, the start-up of the oscillation is difficult. In crystal
filters the transducer attenuation and ripple will change.

Furthermore, the coupling between a specified mode of vibration and other modes (e.g. of
the resonator itself, the mounting and the back-fill gas) also depends on the level of drive.
Due to the differing temperature response of these modes, these couplings give rise to
changes of frequency and resistance of the specified mode within narrow temperature
ranges. These changes increase with increasing drive level. However, this effect will not
be considered further in this part of IEC 444.
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