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circumgtances, a technical committee may propose the publication of a technical specific
whe

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comg
national electrotechnical committees (IEC National Committees). The object of IEC is to progmote interng
-operation on all questions concerning standardization in the electrical and electronic fieglds. To this end

dition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
blicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC Publication(s)”).

bparation is entrusted to technical committees; any IEC National Committee interested in the subject dea]
hy participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with’ the' International Organizati
andardization (ISO) in accordance with conditions determined by agreement between the two organizati

e formal decisions or agreements of IEC on technical matters express,as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technigal\¢cOmmittee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N3
mmittees in that sense. While all reasonable efforts are.made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Public
nsparently to the maximum extent possible in theic‘dational and regional publications. Any divergence be
y IEC Publication and the corresponding nationalror regional publication shall be clearly indicated in the

C itself does not provide any attestation ef-conformity. Independent certification bodies provide conf
sessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fdg
rvices carried out by independent certification bodies.

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

liability shall attach to IEC of-its directors, employees, servants or agents including individual expert
bmbers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and exp
sing out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

tention is drawn to_thel Normative references cited in this publication. Use of the referenced publicati
lispensable for the correct application of this publication.

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

main-tfask of IEC technical committees is to prepare International Standards. In except

rising
tional
hnd in
ports,
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the required support cannot be obtained for the publication of an International Standard,

d

espite 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.

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 specification is based on the following documents:

Full information on the voting for the approval of this technical specification canjbe found i
repoft on voting indicated in the above table.

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

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

N the

A list of all parts in the IEC 61994 series, published under the ‘general title Piezoelettric,

dielgctric and electrostatic devices and associated materials for frequency control, selectior
detegtion — Glossary, can be found on the IEC website.

and

Futufe standards in this series will carry the new general title as cited above. Titles of exipting

stan@lards in this series will be updated at the time @f’the next edition.

The committee has decided that the contents of this publication will remain unchanged unt

| the

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relatg¢d to

the

A billngual version ef'this publication may be issued at a later date.

pecific publication. At this date, the publication will be

ansformed into an International standard,
bconfirmed,

withdrawn,

bplaced by a revised edition, or
amended.

- o~

-
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Part 4-1: Piezoelectric materials — Synthetic quartz crystal
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3.2

Terms and definitions

part of IEC 61994 gives the terms and definition for synthetic quartz crystals represe
tate of the art, which are intended for manufacturing piezoelectric and optical.elemen

Normative references

ollowing documents are referred to in the text in such a way that seme or all of their co
titutes requirements of this document. For dated references, onlyythe edition cited apq
undated references, the latest edition of the referenced™~document (including
ndments) applies.

E are no normative references in this document.

he purposes of this document, the following terms and definitions apply.

hnd IEC maintain terminological, databases for use in standardization at the follg
PSses:
EC Electropedia: available at http://www.electropedia.org/

5O Online browsing platform: available at http://www.iso.org/obp

ut plate
ed Y-cut crystal plate oriented at an angle of about +35° around the X-axis or abou
the z (minor.rhombohedral)-face

RCE; IE€ 60758:2016, 3.11, modified — the reference to Figure 3 has been removed,.

hting
ts.

htent
lies.
any

wing

_3°

[a—

as-g
cryst

rown vy-bar
als which are grown by using long stick seed in the Y-direction

[SOURCE: IEC 60758:2016, 3.4]

3.3
as-g
cryst

rown Z-bar
als which are grown by using Z-cut seed

[SOURCE: IEC 60758:2016, 3.5]

3.4
as-g

rown 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
auto

clave

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

[SOURCE: IEC 60758:2016, 3.26]

3.6

Bolana

dime
dime

[SOL

3.7
disla

linedr defects in the crystal due to misplaced planes of atoms

[SOU

3.8
dopa

additive used in the growth process which may change_the crystal habit, chemical compos

phys
[SOU

3.9
effeq

minimum measure in the Z (6 = 0°) or.Z" direction in usable Y or Y' area of an as-grown cr

and

[SOU
refer

3.10
etch
roug

[SOL

TTISTOTTS

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

RCE: IEC 60758:2016, 3.16]

cations

RCE: IEC 60758:2016, 3.25]

LNt

cal or electrical properties of the synthetic quartz.batch

RCE: IEC 60758:2016, 3.22]

tive Z-dimension

Hescribed by Z

RCE: IEC 60758:2016+"3.17 modified — The definition has been shortened and
ence to Figure 2 has been removed.]

channel

hly cylindrical\void that is present along the dislocation line after etching a quartz cry

RCE:IEC 60758:2016, 3.21]

3.11

tion,

ystal

the

stal

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

optic

al 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 crystallographic
directions

[SOURCE: IEC 60758:2016, 3.8, modified — The reference to Figure 2 has been removed.]
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3.13
hydr
cryst

othermal crystal growth
al 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

[SOYREEFEEC66758:26463-24]

3.15

incldsions

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

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

3.16

infrgred absorption coefficient a value

coefficient (referred to as the o value) established by determining the relationship betyeen
absagrption of two wave numbers

Note ] to entry: One wave number is minimal absorption due to ©H.impurity, the other with high absorption due|to the
presepce of OH impurities in the crystal lattice. The OH imputity creates mechanical loss in resonators apd its
presepce is correlated to the presence of other loss-inducing impurities. The a value is a measure of OH concenfration
and i correlated with expected mechanical losses due to material impurities.

Note P to entry: For the coefficient defined here, thelogarithm base 10 is used. The infrared absorption coefficient
valuela is determined using the following equations

[SOL

i the infrared absorption coefficient;
i the thickness of Y-cut/'sample, in cm;

i the per cent trahsmission at a wave number of 3 800 cm~t or 3 979 cm™%;

i the per géht'transmission at a wave number of 3 500 cm™, or 3 585 cm™,

a—llog L
t T,

RCEJIEC 60758:2016, 3.29]

3.17

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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mini

minimum distance from seed surface to Z-surface described by Z
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mum Z-dimension

min

[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

[SOYREEHEEC-66+58:2646—3-0—moditied—TFhe—definitton—has—beer—made—inrdependent of
IEC $0758:2016, 3.7.]

3.21

orthpgonal axial system of a quartz crystal

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

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

3.22

pre-glimensioned bar

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

[SOURCE: IEC 60758:2016, 3.23]

3.23

refefence surface

surfgce of the lumbered bar preparedi\to specific flathness and orientation with respect|to a
crystallographic direction (typically the X-direction)

[SOUYRCE: IEC 60758:2016, 3:31]

3.24

right-handed quartz(@©rleft-handed quartz

handedness of quartz crystal as determined by observing the sense of handedness of the

optig
[SOU

3.25

al rotation in_the polarized light

RCE. 1E€ 60758:2016, 3.27, modified — Note 1 to entry has been removed.]

seed

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

[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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3.27

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

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

3.28
synthetic quartz crystal
single crystal of o quartz grown by the hydrothermal method

[SOURCE: IEC 60758:2016, 3.2, modified — Note 1 to entry has been removed.]

3.29
synthetic quartz crystal batch
syntietic quartz crystals grown at the same time in one autoclave

[SOURCE: IEC 60758:2016, 3.6]

3.30
synthetic quartz for optical applications
synthetic quartz which satisfies the requirements for the use ef.eptical pickups, optical lowpass
filters (OLPF) and wave plates for digital single-lens reflex-camera, monitoring camera, djgital
videp camera and optical communication module operating in the 300 nm — 1 700 nm \vave
length (5 882 cm™1-33 333 cm1)

[SOYRCE: IEC 60758:2016, 3.32]

3.31
twin
two ¢r more same single crystals whick~are combined together by the low of symmetrical glane
or apis

[SOURCE: IEC 60758:2016, 3:28, modified — The term has been expressed in the singulaf and
Note| 1 to entry has been remodved.]

3.32

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

[SOURCE; 1E€ 60758:2016, 3.12, modified — The reference to Figure 3b has been removéd.]

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

[SOURCE: IEC 60758:2016, 3.13, modified — The reference to Figure 3b has been removed.]

3.34
Z-cut plate
crystal plate perpendicular to the Z-axis

[SOURCE: IEC 60758:2016, 3.14, modified — The reference to Figure 3b has been removed.]
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3.35
z (minor rhombohedral)-cut plate
crystal plate parallel to the z (minor rhombohedral)-face

[SOURCE: IEC 60758:2016, 3.15, modified — The reference to Figure 3a has been removed.]
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