IEC 60758:2016-05(en-fr)

IEC 60758

Edition 5.0 2016-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Synthetic quartz crystdl Spetificationsidrid|gdidelinds faruse
Cristal de quartz synthétic‘.ﬁatggﬁl&ﬁ%rjﬁghrﬁéhes directrices d'utilisation

IEC 607582016
https/standards.iteh.av/catalog/standards/sist/d4da6bf5-83b6-49bf-9f46-
42999¢371b15/iec-60758-2016




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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 l'accord écrit de I''EC ou du Comité national de I'lEC 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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International 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 technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on' |[EC, International, Standards)
Technical Specifications, Technical™ Reports- “and" “other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications-bya
variety of criteria (reference . number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical® terms, containing'20,/000 terms and definitions in
English and “French, ‘with’ equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

650000 electrotechnical terminology entries in English and
French, extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected4rom earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer 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: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents critéres (numéro de référence, texte,
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 aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient 20 000 termes et définitions en anglais
et en frangais, ainsi que les termes équivalents dans 16
langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

65 000 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'IEC.

Service Clients - webstore.iec.ch/csc

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



IEC 60758

Edition 5.0 2016-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Synthetic quartz crystal —"Specifications.andiguidelines foriuse

Cristal de quartz synthétique — Speécifications et lignes directrices d'utilisation

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 31.140 ISBN 978-2-8322-5053-2

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



-2- IEC 60758:2016 © IEC 2016

CONTENTS
FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 6
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 8
1 S ToTo] o 1 S 9
2 NOIMALtIVE FEFEIENCES ... 9
3 Terms and definitions ... 9
4  Specification for synthetic quartz crystal ... 13
4.1 StANAArd VAIUES ... 13
411 Shape of synthetic quartz for optical applications ..............ooiiii. 13
4.1.2 Orientation of the Seed ..o 13
4.1.3 INCIUSION dENSITY ...t 13
4.1.4 Striae in synthetic quartz for optical applications ... 14
4.1.5 Infrared quality indications of a3 5090 and a3 5g5 for piezoelectric
APP I CALIONS e 14
4.1.6 Grade classification by o value and Schlieren method for optical
APPICATIONS <o e 15
4.1.7 Frequency-temperature characteristics of synthetic quartz for
piezoelectric appliCatioNS ... ..o 15
4.1.8 Etch channel density P 15
4.1.9 Internal transmittance for optical applications...0/. L4 W 16
4.2 Requirements and measuring Methods ..o, isin e 17
4.21 Orientation....... .0 17
4.2.2 HaNAEANESS o 18
4.2.3 Synthetic quartz crystal diMENSTONS .. ... .. wmmienn sy reserseeneeeneeenseenaeenreenens 18
4.2.4 Seed diMENSIONS ... 406060370ty fioee (50560 T xfgr weenreenreenseenseenseenaeenaaenaeenaaeeaaenaes 19
4.2.5 I PRI R IONS .. 19
4.2.6 Evaluation of infrared quality by @ measurement ................ccociiiiiiinnn. 22
4.2.7 Frequency versus temperature characteristics for piezoelectric
AP P CATIONS Lo 24
4.2.8 Striae in synthetic quartz for optical applications ............cooo . 25
4.2.9 Growth band in synthetic quartz for optical applications..................cocoeiinni. 25
4.2.10 Etch channel density ... 26
4.2.11 Internal transmittance for optical applications ... 27
4.3 = T Q] o 27
4.31 LY o= = | P 27
4.3.2 Shipping reqQUIrEMENTS ... e 28
5  Specification for lumbered synthetic quartz crystal ............coooiiiii 28
5.1 StANAArd VAIUES ... s 28
5.1.1 Tolerance of diMeNSIONS ... ... e 28
5.1.2 Reference surface flatness ... 29
5.1.3 Angular tolerance of reference surface ..........cooooiiiiiiiii 29
5.1.4 Centrality of the SEed... ..o 30
5.2 Requirements and measuring methods ..o 31
5.2.1 As-grown quartz bars used for lumbered quartz bars ... 31
5.2.2 Dimensions of lumbered synthetic quartz crystal...............coooiiiiiiiiiinn, 31
5.2.3 Identification on reference surface ......... ..o 31
5.2.4 Measurement of reference surface flatness .............ccoooiiiiiiii i, 31
5.2.5 Measurement of reference surface angle tolerance..............c.ccooeeiiiiiininennn. 31



IEC 60758:2016 © IEC 2016 -3-

5.2.6 Centrality of the Seed. ... 31

5.3 Delivery CONAItIONS. .. .. e e e e 32
5.3.1 GBNEIAL .. 32
5.3.2 117> Yo Vo 32
5.3.3 P A CKI NG e 32
5.3.4 Making batCh ... 32

6 Inspection rule for synthetic quartz crystal and lumbered synthetic quartz crystal .......... 32
6.1 Inspection rule for as-grown synthetic quartz crystal .............cooiiiii 32
6.1.1 = o 1= {0 o SN 32
6.1.2 LOt-Dy-10t 1St .o 32

6.2 Inspection rule for lumbered synthetic quartz crystal...............oooiii . 33
6.2.1 GBNEIAL .. 33
6.2.2 LOt-Dy-10t 1St .o 34

7  Guidelines for the use of synthetic quartz crystal for piezoelectric applications.............. 34
7.1 LT 1= - 1 PPN 34
7.1.1 (O 1T V= PP 34
7.1.2 Synthetic quartz crystal . ... 34

7.2 Shape and size of synthetic quartz crystal ..., 35
7.2.1 Crystal axis and face designation ... 35
7.2.2 ST o B PR 36
7.2.3 Shapes and dimensions... L s L 36
7.2.4 Growth zones ... Lt pm sl amgamit it aa o cmm B e 37

7.3 Standard method for evaluating the quality of synthetic quartz crystal................... 37
7.4 Other methods for checking the-quality .of synthetic quartz crystal......................... 38
7.4.1 Genatgd:/standards.iteh. ailcatalogistandards/sist/d4 dabbB8306-49bEI G . e v v veviiriiariiaenn, 38
7.4.2 Visual inspection ...027 00 L D0 DU a2 0 38
7.4.3 Infrared radiation absorption method ..o, 38
7.4.4 MiISCEIIANEOUS ... e e 39

7.5 o grade for piezoeleCtriCc QUAZ..........ooviiiiii i 40
7.6 Optional grading (only as ordered), in inclusions, etch channels, Al content.......... 40
7.6.1 Yo [0 E=] [0 o 1= 40
7.6.2 EtCh Channels .. ... 40
7.6.3 Al CON N e 40
7.6.4 SWEPE QUAKIZ ..oviii e e 41

7.7 L0 (o 1= T2 o [P 42
Annex A (informative) Frequently used sampling procedures ...........ccoovuiiiiiiiiiiiiiiiiieneenn. 43
A1 Complete volUME COUNTING ....oii e 43
A.2 Commodity Y-bar sampling — Method 1., 43
A.3 Commodity Y-bar sampling — Method 2. 43
A4 Use of comparative standards for 100 % crystal inspection..............c.ccocoiiin. 44
Annex B (informative) Numerical eXample .........cooiiiiiiiiii 45
Annex C (informative) Example of reference sample selection ..............coooiiiiiiiiiinn. 46
Annex D (informative) Explanations of point callipers ... 47
Annex E (informative) Infrared absorbance o value compensation............co.ccoiiiiiiiininn. 48
E.1 LT 1= - | PPN 48
E.2 Sample preparation, equipment set-up and measuring procedure ......................... 48
E.2.1 GBNEIAL .. 48

E.2.2 Sample preparation ... 48



-4 - IEC 60758:2016 © IEC 2016

E.2.3 EqQUIPMENt Set-Up conii e 48
E.24 Measurement ProCEAUIE ... ..o e 49
E.3 Procedure to establish correction terms ... 49
E.4 Calculation of compensated (corrected) absorbance values ..................ccco. 51
Annex F (informative) Differences of the orthogonal axial system for quartz between
IEC standard and IEEE standard ............coooiiiiiii e 52
Annex G (informative) o value measurement consistency between dispersive infrared
spectrometer and fourier transform infrared spectrometer.................l. 54
GA1 L= o =T - ¥ S 54
G.2 D oY= 4= o 54
G.3 Experimental result .. ... 55
=TT o ¥ Lo Yo = o V2% 58
Figure 1 — Quartz crystal axis and cut direCtion...........coooiiiiiii e 17
Figure 2 — Idealized sections of a synthetic quartz crystal grown on a Z-cut seed ................. 19
Figure 3 — Typical example of cutting wafers of AT-cut plate, minor rhombohedral-cut
plate, X-cut plate, Y-cut plate and Z-cut plate ... 21
Figure 4 — Frequency-temperature characteristics deviation rate of the test specimen ....... 25
Figure 5 — Typical schlieren system SetUpP.......ccoviiiii i 25
Figure 6 — Lumbered syntheticqquartz crystal outline, rTand dimensionsjalong X-, Y- and
Y- ) (= 1 S T S SRS 29
Figure 7 — Angular deviation for{reference surface. .. Ol L 30
Figure 8 — Centrality of the seed with respect to the dimension along the Z- or Z'-axis.......... 31
Figure 9 — Quartz crystal axis and face deSignation ... .. ... vieimirrunesmrensarmreeneeeneeenaeenaeenaaenaes 36
Figure 10 — Synthetic quartz crystal grown onsa-Z-cut seed,of small X-dimensions ............... 37
Figure 11 — Example of a relation between the avalue and the Q value at wave number
3500 CM™ e, 39
Figure D.1 — Point Callipers .. .o e e 47
Figure D.2 — Digital point CalliPers ... ..o e 47
Figure E.1 — Schematic of measurement Set-Up ..........ccoiiiiiiiiii i, 49
Figure E.2 — Graph relationship between averaged a and measured a at two wave
NUMDErs Of 03 5O @NT QL35GB +vvvvrrrrrrrrrnririiiiiiiiiiii ettt a e eeaaeaaaeees 50
Figure F.1 — Left- and right-handed quartz crystals ... 53
Figure G.1 — Relationship of a between measuring value and reference value...................... 57
Table 1 — Inclusion density grades for piezoelectric applications...............ccoooviiiiiiiinnnn. 14
Table 2 — Inclusion density grades for optical applications ..., 14
Table 3 — Infrared absorbance coefficient grades for piezoelectric applications..................... 14
Table 4 — Infrared absorbance coefficient grades and Schlieren method for optical
E= T o] o] 1 o= 14 o 1< N 15
Table 5 — Etch channel density grades for piezoelectric applications .................ccoiiiie. 16
Table 6 — Test conditions and requirements for the lot-by-lot test for group A ..................c..e. 33
Table 7 — Test conditions and requirements for the lot-by-lot test for group B ....................... 33
Table 8 — Test conditions and requirements for the lot-by-lot test..............coooiiii. 34
Table B.1 — Commodity bar sampling, method 1 ... 45

Table B.2 — Commodity bar Sampling ... 45



IEC 60758:2016 © IEC 2016 -5-

Table E.1 — Example of calibration data at a3 585
Table E.2 — Example of calibration data at a3 500



1)

2)

3)

4)

5)

6)
7)

8)

9)

-6- IEC 60758:2016 © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYNTHETIC QUARTZ CRYSTAL -
SPECIFICATIONS AND GUIDELINES FOR USE

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 form of recommendations 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 cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote internationalCuniformity,| IEC National, Committees undertake/to apply IEC Publications
transparently to the maximum extent possible in‘their'national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation ‘of‘conformity. Independent’ certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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 60758 has been prepared by IEC technical committee 49:
Piezoelectric, dielectric and electrostatic devices and associated materials for frequency
control, selection and detection.

This bilingual version (2017-11) corresponds to the monolingual English version, published in
2016-05.

This fifth edition cancels and replaces the fourth edition, published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

order rearrangement and review of terms and definitions;
abolition as a standard of the infrared absorbance coefficient a3 41¢:
addition of the a value measurement explanation by FT-IR equipment in annex;

addition of the synthetic quartz crystal standards for optical applications.
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The text of this standard is based on the following documents:

FDIS Report on voting
49/1185/FDIS 49/1190/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.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.
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INTRODUCTION

The reason for adding synthetic quartz crystal for optical application to this International
Standard is as follows.

Quartz crystal produced for optical applications is produced by many of the same suppliers
manufacturing quartz for electronic applications. The equipment and methods to produce
optical quartz are similar to those used in the production of electronic quartz. Also, with a few
exceptions the characterization methods of electronic and optical material are similar.
Therefore, IEC 60758 serves as the proper basis for including addenda related to quartz crystal
for optical applications.
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SYNTHETIC QUARTZ CRYSTAL -
SPECIFICATIONS AND GUIDELINES FOR USE

1 Scope

This International Standard applies to synthetic quartz single crystals intended for
manufacturing piezoelectric elements for frequency control, selection and optical applications.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60068-1:2013, Environmental testing — Part 1. General and guidance
IEC 60122-1:2002, Quartz crystal units of assessed quality — Part 1: Generic specification
IEC 60410, Sampling planslandiprocedures forinspection\by .attributes

IEC 61994 (all parts), Piezoelectric-and dielectric’devices for frequency control and selection —
Glossary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61994 and the
following apply.

3.1

hydrothermal crystal growth

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

Note 1 to entry: 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 2 000 atmospheres).

Note 2 to entry: 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 (see 7.1.2).

3.2
synthetic quartz crystal
single crystal of a quartz grown by the hydrothermal method

Note 1 to entry: Cultured quartz has the same meaning as synthetic quartz crystal.

3.3
as-grown synthetic quartz crystal
state of synthetic quartz crystal prior to grinding or cutting

3.4
as-grown Y-bar
crystals which are grown by using long stick seed in the Y-direction
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3.5
as-grown Z-bar
crystals which are grown by using Z-cut seed

3.6
synthetic quartz crystal batch
synthetic quartz crystals grown at the same time in one autoclave

3.7
seed
rectangular parallelepiped quartz plate or bar to be used as a nucleus for crystal growth

3.8

growth zones

regions of a synthetic quartz crystal resulting from growth along different crystallographic
directions

SEE: Figure 2.

3.9

orientation of a synthetic quartz crystal

orientation of the seed of a synthetic quartz crystal with respect to the orthogonal axes specified
in 3.7

3.10

orthogonal axial system of a quartz crystal

orthogonal axis system consisting ofthree'axes with a mutually vertical X axis, Y axis and Z axis
as illustrated in Figure 1

Note 1 to entry: The z-cutiseed may bésoriented atianangleiof;lessthan20°to'the)Ytakis) inthis case the axial system
becomes X, Y', Z'.

3.11

AT-cut plate

rotated Y-cut crystal plate oriented at an angle of about +35° around the X-axis or about —3° from
the z (minor rhombohedral)-face

SEE: Figure 3.

3.12
X-cut plate
crystal plate perpendicular to the X-axis

SEE: Figure 3b.

3.13
Y-cut plate
crystal plate perpendicular to the Y-axis

SEE: Figure 3b.

3.14
Z-cut plate
crystal plate perpendicular to the Z-axis

SEE: Figure 3b.

3.15
z (minor rhombohedral)-cut plate
crystal plate parallel to the z (minor rhombohedral)-face
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SEE: Figure 3a.

3.16
dimensions
dimensions pertaining to growth on Z-cut seed rotated less than 20°from the Y-axis

3.17

effective Z-dimension

as-grown effective Z dimension defined as the minimum measure inthe Z (6 = 0°) or Z' direction
in usable Y or Y' area of an as-grown crystal and described by Z 4

SEE: Figure 2.

3.18
minimum Z-dimension
minimum distance from seed surface to Z-surface described by Z ;,

SEE: Figure 2d.

3.19

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

Note 1 to entry: A particularly €ommon inclusion is mainly<the minerals called acmite’and emeleusite.

3.20
seed veil
array of inclusions or voids at the surface of the seed upon which a crystal has been grown

3.21
etch channel
roughly cylindrical void that is present along the dislocation line after etching a quartz crystal

3.22

dopant

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

3.23

pre-dimensioned bar

bar whose as-grown dimensions have been altered by sawing, grinding, lapping, etc., to meet a
particular dimensional requirement

3.24
impurity concentration
concentration of impurities relative to silicon atoms

3.25
dislocations
linear defects in the crystal due to misplaced planes of atoms

3.26

autoclave

vessel for the high-pressure and high-temperature condition required for growth of a synthetic
quartz crystal
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3.27

right-handed quartz or left-handed quartz

handedness of quartz crystal as determined by observing the sense of handedness of the
optical rotation in the polarized light

Note 1 to entry: Right-handed quartz is the crystal of dextrorotatory and left-handed quartz is the crystal of
levorotary

3.28

twins

two or more same single crystals which are combined together by the low of symmetrical plane
or axis

Note 1 to entry: The following twin types have been identified in synthetic quartz crystals:
a) Electrical twins

Quartz crystal in which regions with the common Z-axis exist showing a polarity reversal of the electrical X-axis.
b) Optical twins

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

3.29

infrared absorption coefficient a value

coefficient (referred to as the a value) established by determining the relationship between
absorption of two wave numbers

Note 1 to entry: One wave number is,minimal ‘absorption.due/to/ OH. impurity, the other is 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 presence of other loss3sinducing.impurities. The o value is a measure of OH concentration
and is correlated with expected mechanical losses due 'to-material-impurities.

Note 2 to entry: For the coefficient defined here, the logarithm base 10 is used. The infrared absorption coefficient
value a is determined using the following equation:

7] 1l <T1>
a = t 0910 T,

where

a is the infrared absorption coefficient;

t is the thickness of Y-cut sample, in cm;

T, is the per cent transmission at a wave number of 3 800 cm~'or 3979 cm™';

T, is the per cent transmission at a wave number of 3 500 cm~', or 3585 cm~".

3.30

lumbered synthetic quartz crystal

synthetic quartz crystal whose X- and Z- or Z'- surfaces in the as-grown condition have been
processed flat and parallel by sawing, grinding, lapping, etc., to meet specified dimensions and
orientation

3.31

reference surface

surface of the lumbered bar prepared to specific flathess and orientation with respect to a
crystallographic direction (typically the X-direction)

3.32

synthetic quartz for optical applications

synthetic quartz which satisfies the requirements for the use of optical pickups, optical lowpass
filters (OLPF) and wave plates for digital single-lens reflex camera, monitoring camera, digital
video camera and optical communication module operating in the 300 nm to 1 700 nm wave
length (5 882 cm™1to 33 333 cm™1)
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3.33
internal transmittance
internal transmittance which does not include loss of surface refraction

Note 1 to entry: This definition applies to synthetic quartz for optical applications only. Internal transmission values
require statement of sample thickness for which the value is calculated, e.g. 2 mm.

3.34

striae

short range deviations of refractive index in quartz, growing defects in which the refractive index
fluctuates with a typical period of fractions of one millimetre to several millimetres

Note 1 to entry: This definition applies to synthetic quartz for optical applications only.

3.35

growth band

contrasting density band that can be observed in the Y-cut crystal by Schlieren and similar
optical method

Note 1 to entry: The cause of this contrast is that elements such as aluminium, sodium, lithium and iron are trapped
in the crystal when a crystal is growing.

Note 2 to entry: Larger amounts of trapped impurities typically cause an increase in a.
Note 3 to entry: Growth bands cannot be observed when a3 585 is less than 0,160 or a3 500 is less than 0,120.

Note 4 to entry: This defifdition appli€s 10 syntheti¢ quartz for optical applications only.
4 Specification for synthetic quartzicrystal

4.1 Standard values
4.1.1 Shape of synthetic quartz for optical applications

A seed crystal is removed and the growth faces are machined to a specified uniform surface
roughness and to a specified flatness with the specified crystallographic orientation.

4.1.2 Orientation of the seed
Standard orientation for the seeds are Z-cuts and rotated X-cuts, minor rhombohedral (z-minor)

cut, 1°30' rotated Z-cut, 2°rotated Z-cut, 5°rotated Z-cut, and 8°30' rotated Z-cut, the Z'-axis of the
latter three seeds being rotated as shown in Figure 1.

4.1.3 Inclusion density
4.1.3.1 Inclusion density of synthetic quartz for piezoelectric applications

The inclusion density (measured as in 4.2.5.3) for each grade shall not exceed the figures in any
required size range for that grade listed in Table 1.
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