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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC AND DIELECTRIC DEVICES
FOR FREQUENCY CONTROL AND SELECTION -
GLOSSARY -

Part 4-1: Piezoelectric materials —
Synthetic quartz crystal

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatig S rising
al| national electrotechnical committees (IEC National Committees). The object of IEE i3 tional
cd-operation on all questions concerning standardization in the electrical anptele i . and in
addition to other activities, IEC publishes International Standards, Technical Spe ] ports,
Publicly Available Specifications (PAS) and Guides (hereafter ref % Their
preparation is entrusted to technical committees; any IEC National t with
may participate in this preparatory work. Internatlonal governmental and non=g igising
with the IEC also participate in this preparation. IEC collabora S ¥ \ ional Organizatipn for
Standardization (ISO) in accordance with conditions determinied by agres gn the two organizatipns.

2) The formal decisions or agreements of IEC on technical mg e as possible, an interngtional
cdnsensus of opinion on the relevant subjects sinc i ommit{ee has representation frgm all
inferested IEC National Committees.

3) IE|IC Publications have the form of recomm i i ¢ and are accepted by IEC Ngtional
Committees in that sense. While all reasonable effo ensure that the technical content qf IEC
Pyblications is accurate, IEC cannot be Keld responsible he way in which they are used or for any
m|sinterpretation by any end user.

4) In| order to promote intern A i i IEonaI ommittees undertake to apply IEC Publications
trgnsparently to the maximum_extent possibleimtheirrational @nd regional publications. Any divergence befween
arly IEC Publication andthe co respndi g national or regignal publication shall be clearly indicated in the Jatter.

5) IE|C provides no marking pro edure its agproval and cannot be rendered responsible for any equipment
dgclared to be in

6) Al} users should

7) No liability shall atta€ o i i employees, servants or agents including individual experts and
members of its teghnica i i inj gge or
other damage of any n enses
arjsing out of the

8) Attention is grawn tol ions is
ingispeAsahleXor the corfe

9) Aftentio atent
rights. IEC

The main task of echnical committees is to prepare International Standards. In exceptjonal

circUmstanees, a technical committee may propose the publication of a technical specification

wherr

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

IEC 61994-4-1, which is a technical specification, has been prepared by IEC tech
committee 49: Piezoelectric and dielectric devices for frequency control and selection.

nical

This second edition of IEC 61994-4-1 cancels and replaces the first edition published in 2001.
This edition constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

this second edition takes into account new terms and definitions given in IEC 60758,
edition, published in 2004.

third
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
49/763/DTS 49/767/RVC

Full information on the voting for the approval of this technical specification can be found in the

report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61994 consists of the following parts under the general title, Piezoelectric and dielectric

deVi ~ac for froannay, nnnfral and onlnntingy Oloccary:

COoT O C U CTTCy—COTTtrorarta—o CTCCtroTT oToSoTryT

art 1: Piezoelectric and dielectric resonators

art 2: Piezoelectric and dielectric filters

art 3: Piezoelectric oscillators

F
F
H
— Hart 4-1: Piezoelectric materials— Synthetic quartz crystal
=
F
F

The

relat

transformed into an international st
reconfirmed;
* withdrawn;
r

A biljngual versi

emain unchanged unt
maintenance result date indicated on the IEC v ( Wwebstore.iec.ch" in the

1 To be published.

| the
data
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PIEZOELECTRIC AND DIELECTRIC DEVICES
FOR FREQUENCY CONTROL AND SELECTION -
GLOSSARY -

Part 4-1: Piezoelectric materials —
Synthetic quartz crystal

7(E)

1 Scope
This|technical specification gives the terms and definitions for synthetic g xsingl€ crystals
representing the present state-of-the-art, which are intended for man ctric

elements for frequency control and selection.

2 Normative references

The
date

refenrenced document (including any amendments) applies

IEC
Piez

IEC
3
3.1

AT-qut plate
ed Y-cut crystal plate o 3 angle of apout +35° around the X-axis or of abouft —3°

rotat
from

[IEC
3.2
as-g
crys
[IEC
3.3
as-g
as-g
The
[IEC

3.4
as-g

50050(561):1991, International Electrotechnical
belectric devices for frequency control and s€lactio

the z (minor rho

60758, 3.79@

als which-a ing s€eds with the largest dimension in the Y-direction

rown Y=bar crystals in which the Z-grown sector is much larger than the X-growth sec

relative size of the growth sector is controlled by the X-dimension of the seed

. For
f the

561:

tor.

60758, 3.2.3 modified]

rown synthetic quartz crystal

single crystal quartz grown hydrothermally. "As-grown" refers to the state of processing and
indicates a state prior to mechanical fabrication

[IEC

3.5
auto

60758, 3.2.1 modified]

clave

vessel for the high-pressure, high-temperature condition required for growth of synthetic quartz
crystal

[IEC

60758, 3.15]
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3.6
dislocations
linear defects in the crystal due to misplaced planes of atoms

[IEC 60758, 3.13]

3.7
dopant

any additive used in the growth process which may change the crystal habit, chemical
composition, physical or electrical properties of the synthetic quartz batch

[IEC 60758, 3.10]

3.8
effe¢tive Z-dimension

as-gfown effective Z dimension which is defined as the minimum mea
Z' direction of as-grown crystals

[IEC|60758, 3.8.1.1 modified]

3.9
electrical twins

quarfz crystal in which regions with a common Z-axig
elecfrical X-axis

[IEC|60758, 3.17]

3.10
etch{channel
roughly cylindrical void that is present a
preppred from a quartz crystal

[IEC|60758, 3.14]

3.1
gross dimensic@
maximum dimensi OR

Z'-axes

()

[IEC|60758, 3.8
3.12

regigns of \ i sartz crystal resulting from growth along different crystallogra

diredtions

[IEC|60758; 3.5]

3.13

ion line after etching a test

- and Z- or Z’-axes measured along the X-, Y'-

polarity reversal o

hydrothermal crystal growth

°) or

f the

vafer

and

phic

literally crystal growth in the presence of water, elevated temperatures and pressures by a
crystal growth process believed to proceed geologically within the earth's crust. The industrial
synthetic quartz growth processes utilize alkaline water solutions confined within autoclaves at
supercritical temperatures (330 °C to 400 °C) and pressures (700 to 2000 atmospheres). The
autoclave is divided into two chambers: the dissolving chamber, containing raw quartz chips at
the higher temperature; the growing chamber, containing cut seeds at the lower temperature

[IEC 60758,3.1]

3.14
impurity concentration
concentration of impurities relative to silicon atoms

[IEC 60758, 3.12]
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3.15

inclusions

any foreign material within a synthetic quartz crystal, visible by examination of scattered light
from a bright source with the crystal immersed in a refractive index-matching liquid. A
particularly common inclusion is the mineral acmite (sodium iron silicate)

[IEC 60758, 3.9]

3.16

infrared absorption coefficient a -value
coefficient (referred to as the a-value) established by determining the relationship between
absorptien-ef-two-wavelengths—enre-with-minimal-abserption-due—to-OH-impurity—the-other with
high|absorption due to presence of OH impurities in the crystal lattice. The OH_impurity.Creates
mechanical loss in resonators and its presence is correlated to the bther
loss{inducting impurities. The a-value is a measure of OH concentrati with
expgcted mechanical losses due to material impurities. The infra icient
a-value is determined using the following equation:

1 T
a=—-log—
t T,

whelle

Q

i$ the infrared absorption coefficient;

t ig the thickness of Y-cut sample, i

1, i$ the per cent transmission at a wawe numbe 800 or 3979 cm™’

T, i$ the per cent transmission at a w Q cm=1, 3 500 cm~" or 3 585 cm{!
[IEC|60758, 3.18]

3.17

Iumt'Lered synthetic quartzery

synthetic quartz X surfaces in the "as grown" condition have peen
processed flat an awi ndihg, lapping, etc., to meet specified dimensiong and
orientation

[IEC(60758, 3.19

3.18
lumbered Y
quarfz ba ]8 b

red from an as-grown Y-bar
[IEC|60758, 31O

3.19
Iumtlpered Z-bar
quariz bars which are lumbered from an as-grown Z-bar

[IEC 60758, 3.19.2]

3.20
minimum Z-dimension
minimum distance from seed surface to Z surface

[IEC 60758, 3.8.1.2]

3.21

optical twins

quartz crystal in which regions with the common Z-axis exhibit handedness reversal of the
optical Z-axis

[IEC 60758, 3.17]
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3.22
orientation of a synthetic quartz crystal
orientation of its seed with respect to the orthogonal axes

[IEC 60758, 3.6]

3.23
pre-dimensioned bar

any bar of as-grown quartz with dimensions altered by sawing, grinding, lapping, etc, to meet a

particular dimensional and orientation requirement

[IEC 60758 311 madified]

3.24
orthpgonal axial system for quartz
the qrthogonal axial system is illustrated in figure 1

[IEC|60758 3.7.1]

(minor rhombohedral)

/ face \

z (minor rhombohedfal)

face

Z-axis

Figure 1 — Orthogonal axial system for quartz

Y-axis
IEC 1704/07
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3.25
reference surface

surface of the lumbered bar prepared to specific flatness and orientation with respect to a

crystallographic direction ( typically the X-direction)
[IEC 60758, 3.20]

3.26
right-handed quartz or left-handed quartz

handedness of a quartz crystal, as determined by observing the sense of handedness of the
optical rotation in polarized light. Right handed quartz is the crystal of dextrorotatory and

left-handed quartz is the r\rycfnl of In\/nrnfary

[IEC|60758,3.16]

3.27
seed
rectgngular parallelepiped. quartz plate or bar to be used as an

[IEC|60758, 3.4]

3.28
seed veil
the grray of inclusions or voids at the interface of the seg

[IEC|60758, 3.9.1 modified]

3.29
synthetic quartz crystal
single crystal of a quartz grown b
handedness and in the "asgrown"

[IEC|60758, 3.2]

3.30
synthetic quar@
syntietic quartz crys

[IEC|60758, 3.3]

)e time in one autoclave

3.31
twing
twing foH
twing observed etic quartz are optical and electrical twins

[IEC|60758; 3.17]

3.32

crystal

b method. The crystal is of gither

ography relating symmetrically to specific faces or axes. Common

X-cut plate
crystal plate perpendicular to the X-axis

[IEC 60758, 3.7.4]

3.33
Y-cut plate
a crystal plate perpendicular to the Y-axis

[IEC 60758, 3.7.5]
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3.34
Z-cut plate
a crystal plate perpendicular to the Z-axis

[IEC 60758, 3.7.6]

3.35
z (minor rhombohedral)-cut plate
a crystal plate parallel to the z (minor rhombohedral)-face

[IEC 60758, 3.7.3]

@%
S
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