IEC TS 61994-4-1:2018-11 RLV(en)

IEC IEC TS 61994-4-1

o
®

Edition 3.0 2018-11
REDLINE VERSION

TECHNICAL
SPECIFICATION

S
&
I
,\ .
K% el
¥
<&

C,
A\ 4
NZ
Riezoelectric, dielectric and electrostatic devieﬁs and associated materials for
frequency control, selection and detectiob-QG o
Rart 4-1: Piezoelectric materials — Synth@

>

ssary —
quartz crystal



https://iecnorm.com/api/?name=6b29362c6ab42de96d7e18652a4b7764

IEC Central Office
3, rue de Varembé

Ol 4044

20, lo
CTT=T1Z 11 OCNeVa—=U wwworetTen

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 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.

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

Bwitzerland

About the IEC

THe International Electrotechnical Commission (IEC) is the leading global organization that prepares and, publish
Infernational 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 t
lafest 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 IEC International Standards,
Tgchnical Specifications, Technical Reports and other
ddcuments. Available for PC, Mac OS, Android Tablets and
iPgd.

IEC publications search - webstore.iec.ch/advsearchform
THe advanced search enables to find IEC publications by a
vgriety of criteria (reference number, text, technical
cgmmittee,...). It also gives information on projects, replaced
arn|d withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Sthy up to date on all new IEC publications. Just Published
dgtails all new publications released. Available online and
al$o once a month by email.

Electropedia - www.electropédia.org
The world's leading online/\dictionary of electronic 4
electrical terms containing 21 000 terms and definitions
English and French, .with-equivalent terms in 16 additio
languages. Also known’as the International Electrotechni
Vocabulary (IEV).online.

IEC Glossary < std.iec.ch/glossary
67 000 electrotechnical terminology entries in English &
French extracted from the Terms and Definitions clause
IEC publications issued since 2002. Some entries have be
collected from earlier publications of IEC TC 37, 77, 86 a
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication
need further assistance, please contact the Customer Serv
Centre: sales@iec.ch.

ne

hd
in
al
tal

hd
of
en
hd

ce



https://iecnorm.com/api/?name=6b29362c6ab42de96d7e18652a4b7764

IEC TS 61994-4-1

Edition 3.0 2018-11
REDLINE VERSION

TECHNICAL
SPECIFICATION

“c)IQur
inside

Riezoelectric, dielectric and electrostatic devices and associated materials for
frequency control, selection and detection<<Glossary —
Rart 4-1: Piezoelectric materials — Synthéti¢ quartz crystal

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 01.040.31; 31.140 ISBN 978-2-8322-6281-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=6b29362c6ab42de96d7e18652a4b7764

-2 - |ECTS 61994-4-1:2018 RLV © IEC 2018

CONTENTS
FOR E W O R DD ...t e e ettt ettt 3
S ToT 0] o PP 5
2 Lo T = LAV = L= T T 5
3 Terms and e iNItIONS .. v ettt e et et e e e e et et e e e e eneaaaaans 5



https://iecnorm.com/api/?name=6b29362c6ab42de96d7e18652a4b7764

IEC TS 61994-4-1:2018 RLV © IEC 2018 - 3 —

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC DEVICES

AND ASSOCIATED MATERIALS FOR FREQUENCY CONTROL, SELECTION

1)

T
m

AND DETECTION — GLOSSARY -

Part 4-1: Piezoelectric materials — Synthetic quartz crystal

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi

co-operation on all questions concerning standardization in the electrical and electronic figlds."To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repor
Publicly Available Specifications (PAS) and Guides (hereafter referred to as *EG. Publication(s)”). Th
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt w
may participate in this preparatory work. International, governmental and non-governmental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely withthe International Organization f
Standardization (ISO) in accordance with conditions determined by agreemént between the two organizations

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

IEC Publications have the form of recommendations for international use and are accepted by IEC Nation
Committees in that sense. While all reasonable efforts are/made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsibfe,for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible in their\national and regional publications. Any divergence betwe
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the lattd

IEC itself does not provide any attestation of _eonformity. Independent certification bodies provide conform
assessment services and, in some areas, 'access to |IEC marks of conformity. IEC is not responsible for a
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 a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees) and expens
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
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 patg
rights. IEC shall not be held responsible for identifying any or all such patent rights.

his redline version of the official IEC Standard allows the user to identify the chang
ade(to'the previous edition. A vertical bar appears in the margin wherever a change h

bFen made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a technical specification
when

Technical specifications are subject to review within three years of publication to decide whether

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.
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standards ifi‘this series will be updated at the time of the next edition.

ey can be transformed into International Standards.

C TS 61944-4-1, which is a technical specification, has been prepared by IEC~technicpl
mmittee 49: Piezoelectric, dielectric and electrostatic devices and associated materials fpr
bquency control, selection and detection.

nis third edition of IEC 61994-4-1 cancels and replaces the second edition\published in 200f.
nis edition constitutes a technical revision.

nis edition includes the following significant technical changes wijth respect to the previoys

The new terms and definitions given in IEC 60758:2016,have been taken into account;
The general title has been changed according to the«change in the title of TC 49 in 2009.

e text of this technical specification is based on the following documents:
Enquiry draft Report on voting
49/1282/DTS 49/1286/RVDTS

L1l information on the voting for the approval of this technical specification can be found in the
port on voting indicated in the above table.

nis document has been draftedin accordance with the ISO/IEC Directives, Part 2.

list of all parts in the.JEC 61994 series, published under the general title Piezoelectric
electric and electrostatic devices and associated materials for frequency control, selection and
ptection — Glossary,~can be found on the IEC website.

iture standards' in this series will carry the new general title as cited above. Titles of existing

e committee has decided that the contents of this publication will remain unchanged until the
ability date indicated on the IEC website under "http://webstore.iec.ch" in the data related

transformed into an International standard,
reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

IMPORTANT — The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC DEVICES

AND ASSOCIATED MATERIALS FOR FREQUENCY CONTROL, SELECTION

AND DETECTION — GLOSSARY -

Part 4-1: Piezoelectric materials — Synthetic quartz crystal

T
re
el

2

T
C(
F

|5

amendments) applies.

Scope

nis part of IEC 61994 gives the terms and definition for synthetic quartz—single.crystals
presenting the state of the art, which are intended for manufacturing piezoelectricand opticpl

ements-for frequency control-and selection.

Normative references

he following documents are referred to in the text in such a way that.some or all of their contept
nstitutes requirements of this document. For dated referencesonly the edition cited applies.
br undated references, the latest edition of the referenced document (including any
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here are no normative references in this-d@cument.

Terms and definitions
br the purposes of this docuthent, the following terms and definitions apply.

O and IEC maintain .terminological databases for use in standardization at the following

IEC Electropédja: available at http://www.electropedia.org/
ISO Onlirg-browsing platform: available at http://www.iso.org/obp
1

T-cut plate
tated Y-cut crystal plate oriented at an angle of about +35° around the X-axis or about -8°

fr

4 L H L 1 L ] AN 4
JUTTT UIC 2 (Thior Thiommmouiieurar)=rac©

[SOURCE: IEC 60758:2016,—3-7%2 3.11, modified — the reference to Figure 3 has been
removed.]

3.

2

as-grown Y-bar

crystals which are-produced-using-seeds-with-the-largest-dimension grown by using long stick

seed in the Y-direction

[SOURCE: IEC 60758:2016,-3-2-2 3.4]
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3.3
as-grown Z-bar

crystals which are grown by using Z-cut seed
[SOURCE: IEC 60758:2016,-3-2-3-modified 3.5]

3.4

[SOURCE: IEC 60758:2016,-3-2-+-medified 3.3]

35

alitoclave
v{ssel for the high-pressure and high-temperature condition required for growth of a synthetic
gliartz crystal

[SOURCE: IEC 60758:2016,-3-15 3.26]

36
dimensions
dimensions pertaining to growth on Z-cut seed rotated less than 20° from the Y-axis

[JOURCE: IEC 60758:2016, 3.16]

37
dislocations
linear defects in the crystal due to misplaced planes of atoms

[SOURCE: IEC 60758:2016,-3-13 3.25]

38
dppant
ahy additive used~in®the growth process which may change the crystal habit, chemicpl
composition, physical or electrical properties of the synthetic quartz batch

[SOURCE:4E€ 60758:2016,-3-16 3.22]

39
effeetive Z-dimension

a PAFEXVETS nHinni- Py i nlimnnni nnnnn Ininla Py Ar\{ oad oo th o il Ao o ira 1 thao 7
1= 3|uvu —eHeCHv-e——aHREeRSTER—"HE T oo oto e T TOr T o aSutrT oI i 2o

direction in usable Y or Y' area of an as-grown crystals and described by Z ¢

[SOURCE: IEC 60758:2016,-3-8-2-4 3.17 modified — The definition has been shortened and the
reference to Figure 2 has been removed.]
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3.10

etch channel
roughly cylindrical void that is present along the dislocation line after etching—a—test-wafer
prepared-from a quartz crystal

[SOURCE: IEC 60758:2016,-3-14 3.21]
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gfowth band

cdntrasting density band that can be observed in the Y-cut crystal by Schiferen and simil
optical method

[JOURCE: IEC 60758:2016, 3.35, modified — The four notes to entjsfrave been removed.]

312

gfowth zones
rggions of a synthetic quartz crystal resulting from growth along different crystallographi
directions

[JOURCE: IEC 60758:2016,-3-5 3.8, modified — The’reference to Figure 2 has been removed.

litkbrallyv ecrvetal arowth in the nracanca of watar alavated temperatures and nressures hvlag
Heraty—cRyStar—growti—Hh—the—presehce ot Water—etevateatemperatbtreSahapresstHesS—bya
civstal arowth nrocess healiaved to nedeeced aeoloaicallvywithin the earth's erust Tha industrilal
cysStat—growthiprocessheHeveatoprgeeeageociogicary-Whhtheeartn-S eSSt ReHausSthgd
svynthatic auartz arowth nrocessaec ynliza alkaline water solitions confined within autoclaves bt
S tretHecgquaitZzgrowtnprocessestize atathe-Water-SouHohs-cohHh ea-WHrHhattecavespat
oe al temperature 0.£C to-400-°C) and pressures{(700-to 2000 atmosphere e
Q O} .-.-. ALO a aala¥al alal . O ala a aala¥al ala alia¥a A allial a._t
a 6cia d ced S—UAS AR a OHVINRg aper—-cohta O—raw-agua D
a la .-.- alaala¥a -l -.-.l.. al aala¥a alal -.. ‘a¥a¥a alal O\ALQ ‘alaala¥a a)
s D aty Growing apBelr—conta g—<c4 aSs—a B D atd

cilystal growth in the presence of water of elevated temperature and pressure
[SOURCE: IEC 60758:2016, 3.1 modified — The definition has been shortened.]

314
impurity cogcentration
concentration of impurities relative to silicon atoms

[SOURCE: IEC 60758:2016,-3-12 3.24]

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)

[SOURCE: IEC 60758:2016,-3-9 3.19, modified — Note 1 to entry has been removed.]
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infrared absorption coefficient a value
coefficient (referred to as the a value) established by determining the relationship between
absorption of two-wavelengths wave numbers

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

N

te 2 to entry:

For the coefficient defined here, the logarithm base 10 is used The infrared absorption coefficie

nt

vy

AT ¢ £

=

—

3.
lu
Sy

ere

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

117
ternal transmittance
hnsmittance whichsdoes not include loss of surface refraction

18

orientation

lue o is determined using the following equation:

is the infrared absorption coefficient;

is the per cent transmission at a wave numkérbf 3 800 cm= or 3 979 cm™1;

is the per cent transmission at a wave nfmber of 3 500 cm~?, or 3 585 cm™1.

OURCE: IEC 60758:2016,-3-£873.29]

OURCE: IEC\60758:2016, 3.33, modified — Note 1 to entry has been removed.]

mbered synthetic quartz crystal
nthetic quartz crystal whose X- and Z- or Z'- surfaces in the as-grown condition have bee

prlacessed flat and parallel by sawing, grinding, lapping, etc  to meet specified dimensions an

[SOURCE: IEC 60758:2016,-3-29 3.30 ]
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3.19
minimum Z-dimension
minimum distance from seed surface to Z-surface described by Z

[SOURCE: IEC 60758:2016,—3-8-2-2 3.18, modified — The reference to Figure 2d has be&gn
rgmoved.]

320

ofientation of a synthetic quartz crystal
offientation expression of-its-seed a synthetic quartz crystal with respect to therorthogonal-axgs
axial system

[JOURCE: IEC 60758:2016,-3-6 3.9 modified — The definition has beehmade independent pf
IHC 60758:2016, 3.7.]
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3.21
orthogonal axial system-fer of o quartz crystal

orthogonal axis system consisting of three axes with a mutually vertical X axis, Y axis and Z
axis

Y-axis <—=—-—
Z-axis Z-axis
z (minor rhombohedral) z (minor rhombohedral) z (minor rhombohedral)
r
s
X
Z-axis Z—axis‘
] 1 7 7 1 1
r \ r
m m
m m
z // '\\ z
1 1 1 1
Y-axis Y-axis
IEC 1704/p7
[JOURCE: IEC 60758:2016,-3-7% 3.10, modified — The reference to Figure 1 at the end of the
d¢fiition and Note 1 to entry have been removed.]

3.22
pre-dimensioned bar

any-bar-ofas-grown-quartz-with-dimensions bar whose as-grown dimensions have been altered
by sawing, grinding, lapping, etc, to meet a particular dimensional-and-erientation requirement

[SOURCE: IEC 60758:2016,-3-11-medified 3.23]
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3.23

reference surface

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

[SOURCE: IEC 60758:2016,-3-206 3.31]

3.24
right-handed quartz or left-handed quartz
h ...... =THE 3 determined ofhandedne 2 e

ot|cal rotatlon in the polar|zed I|ght —Rrghi—handed—qaaﬁz—us—the—ewstal—ef—de*&em&a&e#y—a{

[SOURCE: IEC 60758:2016,-3-16 3.27, modified — Note 1 to entry has been remoyed.]

325
s¢ed
rgctangular parallelepiped quartz plate or bar to be used as a nucleus forCrystal growth

[SOURCE: IEC 60758:2016,-3-4 3.7]

326

s¢ed veil
afray of inclusions or voids at the-interface surface of ‘the seed-and-the-grown—crystal upgn
which a crystal has been grown

[SOURCE: IEC 60758:2016,-3-9-% 3.20]

3{27

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

[JOURCE: IEC 60758:2016, 3.34, modified — Note 1 to entry has been removed.]

328
synthetic quartz crystal

siEgIe crystal of wexquartz grown by the hydrothermal method.—Fhe—crystalis—of—-eithpr

[SOURCE;4E€ 60758:2016, 3.2, modified — Note 1 to entry has been removed.]

329
synthetic quartz crystal batch
S) Ilthctib yual tL \,lyatoda Yrouwili Clt thC 2aAllitT tilllc ;II UTIT autuu:avc

[SOURCE: IEC 60758:2016,-3-3 3.6]

3.30

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 — 1 700 nm wave
length (5 882 cm™1-33 333 cm-1)

[SOURCE: IEC 60758:2016, 3.32]
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two or more same single crystals which are combined together by the low of symmetrical plane
or axis

[SOURCE: IEC 60758:2016,-3-2+ 3.28, modified — The term has been expressed in the singular
and Note 1 to entry has been removed.]

332
Xicut plate
cilystal plate perpendicular to the X-axis

[JOURCE: IEC 60758:2016,—3-74 3.12, modified — The reference to Figuré Bb has bedn
rgmoved.]

333
Yicut plate
crlystal plate perpendicular to the Y-axis

[SOURCE: IEC 60758:2016,—3-#5 3.13, modified — The reference to Figure 3b has begn
rgmoved.]

334
Zicut plate
cilystal plate perpendicular to the Z-axis

[JOURCE: IEC 60758:2016,—3- 76 3.14, modified — The reference to Figure 3b has bedn
rgmoved.]

w

J35
minor rhombohedral)-cut plate
ctlystal plate parallel to the z (minor rhombohedral)-face

N

[SOURCE: IEC 60758:2016,—3-4~3 3.15, modified — The reference to Figure 3a has begn
rgmoved.]
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC DEVICES
AND ASSOCIATED MATERIALS FOR FREQUENCY CONTROL,
SELECTION AND DETECTION — GLOSSARY -

Part 4-1: Piezoelectric materials — Synthetic quartz crystal

FOREWORD

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

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

IEC Publications have the form of recommendations for international use and are accepted by IEC Natior
Committees in that sense. While all reasonable efforts are/made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsibte\for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible in theifnational and regional publications. Any divergence betwe
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the lattg

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

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

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

Attention is drawn ta._the Normative references cited in this publication. Use of the referenced publications
indispensable for thescorrect application of this publication.

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

ne maintask of IEC technical committees is to prepare International Standards. In exception

fcumstances, a technical committee may propose the publication of a technical specificatig
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the required sUpport cannot be obtained 1or the publication ol an International standar
despite repeated efforts, or

dv

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.

Technical specifications are subject to review within three years of publication to decide whether
they can be transformed into International Standards.

IEC TS 61944-4-1, which is a technical specification, has been prepared by IEC technical
committee 49: Piezoelectric, dielectric and electrostatic devices and associated materials for
frequency control, selection and detection.
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This third edition of IEC 61994-4-1 cancels and replaces the second edition published in 2007.

This edition constitutes a technical revision.

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

edition:

a) The new terms and definitions given in IEC 60758:2016 have been taken into account;

b) The general title has been changed according to the change in the title of TC 49 in 2009.

The_text of this technical Qpprifirnfinn is based on the fnllnwing documents:

Enquiry draft Report on voting
49/1282/DTS 49/1286/RVDTS

Full information on the voting for the approval of this technical specification can bé found in th
rgport on voting indicated in the above table.

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

Al list of all parts in the IEC 61994 series, published under the)general title Piezoelectri
dielectric and electrostatic devices and associated materials for frequency control, selection ar
dé¢tection — Glossary, can be found on the IEC website.

Flture standards in this series will carry the new general title as cited above. Titles of existin
stiandards in this series will be updated at the time ofdhe next edition.

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

« | transformed into an International standard,
* | reconfirmed,

e | withdrawn,

* | replaced by a revised edition, or

* | amended.

Albilingual version of-this publication may be issued at a later date.
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PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC DEVICES
AND ASSOCIATED MATERIALS FOR FREQUENCY CONTROL,
SELECTION AND DETECTION — GLOSSARY -

Part 4-1: Piezoelectric materials — Synthetic quartz crystal

1| Scope

This part of IEC 61994 gives the terms and definition for synthetic quartz crystals representin
thie state of the art, which are intended for manufacturing piezoelectric and opticakelements.

2| Normative references

The following documents are referred to in the text in such a way that same or all of their conte
constitutes requirements of this document. For dated references, only the edition cited applie

ammendments) applies.

There are no normative references in this document.

3| Terms and definitions
For the purposes of this document, the following terms and definitions apply.

IO and IEC maintain terminological databases for use in standardization at the followin
agldresses:

o [ IEC Electropedia: available at\http://www.electropedia.org/

e | ISO Online browsing platform: available at http://www.iso.org/obp

31
Afl-cut plate

rdtated Y-cut crystal'plate oriented at an angle of about +35° around the X-axis or about -
from the z (minorrhombohedral)-face

[JOURCE:4E€ 60758:2016, 3.11, modified — the reference to Figure 3 has been removed.]

32

For undated references, the latest edition of the referenced, document (including any

g

nt
5.

g

as$-grown Y-bar

crystats—which—are—grownby-usingtong-stickseed-mthe—Y=direction
[SOURCE: IEC 60758:2016, 3.4]

3.3
as-grown Z-bar
crystals which are grown by using Z-cut seed

[SOURCE: IEC 60758:2016, 3.5]

3.4
as-grown synthetic quartz crystal
state of synthetic quartz crystal prior to grinding or cutting
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[SOURCE: IEC 60758:2016, 3.3]

3.5

autoclave

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

[SOURCE: IEC 60758:2016, 3.26]

ic

36
dimensions
dimensions pertaining to growth on Z-cut seed rotated less than 20° from the Y-axis

[SOURCE: IEC 60758:2016, 3.16]

37
dislocations
linear defects in the crystal due to misplaced planes of atoms

[JOURCE: IEC 60758:2016, 3.25]

38
dopant
a;ﬁditive used in the growth process which may change the crystal habit, chemical compositio
physical or electrical properties of the synthetic quartz batch

[JOURCE: IEC 60758:2016, 3.22]

39
effective Z-dimension

mrlinimum measure in the Z (6 = 0°) or:Z" direction in usable Y or Y' area of an as-grown cryst
amd described by Z ¢

[SOURCE: IEC 60758:2016/3.17 modified — The definition has been shortened and tk
r¢ference to Figure 2 has_beeh removed.]

310
efch channel
rdqughly cylindrical woid that is present along the dislocation line after etching a quartz crysta

[SOURCEIEC 60758:2016, 3.21]

311
gfowth band

e

contrasting density band that can be observed In the Y-cut crystal by Schiieren and simil
optical method

[SOURCE: IEC 60758:2016, 3.35, modified — The four notes to entry have been removed.]

3.12

growth zones

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

[SOURCE: IEC 60758:2016, 3.8, modified — The reference to Figure 2 has been removed.]

ic
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3.13
hydrothermal crystal growth
crystal growth in the presence of water of elevated temperature and pressure

[SOURCE: IEC 60758:2016, 3.1 modified — The definition has been shortened.]

3.14
impurity concentration
concentration of impurities relative to silicon atoms

[SOURCE: IEC 60758:2016, 3.24]

315

inclusions

amy foreign material within a synthetic quartz crystal, visible by examination of- seattered lig
from a bright source with the crystal immersed in a refractive index-matching liquid

[JOURCE: IEC 60758:2016, 3.19, modified — Note 1 to entry has been-removed.]

316

infrared absorption coefficient a value

coefficient (referred to as the o value) established by detérmining the relationship betwee
albsorption of two wave numbers

N¢te 1to entry: One wave numberis minimal absorption due to @H impurity, the other with high absorption due to t
presence of OH impurities in the crystal lattice. The OH impuyity creates mechanical loss in resonators and
presence is correlated to the presence of other loss-inducingdmpdrities. The a value is a measure of OH concentrati
and is correlated with expected mechanical losses due tomaterial impurities.

N¢te 2 to entry: For the coefficient defined here, the,logarithm base 10 is used. The infrared absorption coefficig
value o is determined using the following equation:

a—}|0g L
{ oo T,
wihere

ol is the infrared absorption coefficient;
t| is the thickness of Ysclit sample, in cm;
T| is the per cent transmission at a wave number of 3 800 cm™ or 3979 cm™1;

T2 is the per céht\transmission at a wave number of 3 500 cm™, or 3 585 cm™,

[SOURCE:1EC 60758:2016, 3.29]

3|17

he
ts
bn

internal transmittance
transmittance which does not include loss of surface refraction

[SOURCE: IEC 60758:2016, 3.33, modified — Note 1 to entry has been removed.]

3.18
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

[SOURCE: IEC 60758:2016, 3.30]
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3.19
minimum Z-dimension

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

[SOURCE: IEC 60758:2016, 3.18, modified — The reference to Figure 2d has been removed.]

3.20
orientation of a synthetic quartz crystal

orientation expression of a synthetic quartz crystal with respect to the orthogonal axial system

[SOURCE: IEC 60758:2016, 3.9 modified — The definition has been made independent
IHC 60758:2016, 3.7.]

321

ofthogonal axial system of a quartz crystal

ofthogonal axis system consisting of three axes with a mutually vertical X axis, Y axis and
axis

[JOURCE: IEC 60758:2016, 3.10, modified — The reference to Figure 1 at the end of th
definition and Note 1 to entry have been removed.]

322

pre-dimensioned bar

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

[SOURCE: IEC 60758:2016, 3.23]

323

rgference surface

surface of the lumbered bar preparedito specific flathess and orientation with respect to
cnystallographic direction (typically the X-direction)

[SOURCE: IEC 60758:2016, 3.31]

3{24

ripht-handed quartzwr 1eft-handed quartz

handedness of quartz crystal as determined by observing the sense of handedness of th
optical rotation ig'thé polarized light

[JOURCE;{E€ 60758:2016, 3.27, modified — Note 1 to entry has been removed.]

Df

z

e

a

a

e

[SOURCE: IEC 60758:2016, 3.7]

3.26
seed veil
array of inclusions or voids at the surface of the seed upon which a crystal has been grown

[SOURCE: IEC 60758:2016, 3.20]
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