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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYNTHETIC QUARTZ CRYSTAL —
SPECIFICATIONS AND GUIDE TO THE USE

FOREWORD

1) 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 Specificafi echnical Reports,

Publicly Available Specifications (PAS) and Guides (hereafter referred to as 4t ication(s)”). Their

preparation is entrusted to technical committees; any IEC National Committee inte€ 1

2)

3)

4)

5)

6)

7) gervants or agents including individual experts and

mittees for any personal injury, property damage or

other damage of any nat rew v ect or indirect, or for costs (including legal fees) and expenses
arising out of the ¥ e _upoh, this IEC Publication or any other IEC Publications.

8) Attentlon is draw v cited in this publication. Use of the referenced publications is

9) Wili pe of the elements of this IEC Publication may be the subject of patent
i s } gr identifying any or all such patent rights

International IEC\60/58 has been prepared by IEC technical committee 49

Piezoele

This third ed cels and replaces the second edition, published in 1993, and its

amendments 1 (1997)and 2 (2001).

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

a) it combines the information given in the second edition and in the amendments into one
single document;

b) it adds the infrared absorbance alpha value compensation method as Annex E.

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

FDIS RVD
49/696/FDIS 49/701/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.
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The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

¢ replaced by a revised edition, or
¢ amended.

A bilingual version of this publication may be issued at a later date.

@%
S
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SYNTHETIC QUARTZ CRYSTAL -
SPECIFICATIONS AND GUIDE TO THE USE

1 Scope

This International Standard applies to synthetic quartz single crystals intended for manu-
facturing piezoelectric elements for frequency control and selection.

2 Normative references

For the purposes hi
IEC 61994, appl

3.1

hydrothermal crystakgrQ

literally, cry

crystal grg to proceed geologically within the earth's crust. The industrial
syntheti¢ cesses utilize alkaline water solutions confined within autoclaves at
supercriti 330 °C to 400 °C) and pressures (700 to 2 000 atmospheres). The

autoclave is divided into two chambers: the dissolving chamber, containing raw quartz chips at
the higher temperatyré; the growing chamber, containing cut seeds at the lower temperature
(see 7.1.2)

3.2

synthetic quartz crystal (also known as cultured quartz crystal)

single crystal of a quartz grown by the hydrothermal method. The crystal is of either handedness
and in the as-grown condition

3.2.1

as-grown synthetic quartz crystal

single crystal quartz grown hydrothermally. As-grown refers to the state of processing and
indicates a state prior to whatever treatment might occur after growth, excluding quality control
operations

3.2.2
as-grown Y-bar
crystals which are produced using seed with the largest dimension in the Y-direction
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3.2.3

as-grown Z-bar

crystals in which the Z-grown sector is much larger that the X-grown sector. The relative size of
the growth sector is controlled by the X-dimension of the seed

3.3
synthetic quartz crystal batch
synthetic quartz crystals grown at the same time in one autoclave

3.4
seed
rectangular parallelepiped quartz plate or bar to be used as a nucleus for crystal growth

3.5
growth zones

directions (see Figure 1)

3.6
orientation of a synthetic quartz crystal
orientation of its seed with respect to the orthogonal 4

3.7

3.7.1

becomes X, Y', Z'.

3.7.2

AT-cut plate

rotated Y-cutcry
the z (minor rhontaghg
3.7.3

z (minor rho
crystal plate

3.7.4
X-cut plate

crystal plate perpendigular to the X-axis as shown in Figure 3b

3.7.5

Y-cut plate
crystal plate perpendicular to the Y-axis as shown in Figure 3b

3.7.6
Z-cut plate
crystal plate perpendicular to the Z-axis as shown in Figure 3b

3.8
dimensions
dimensions pertaining to growth on Z-cut seed rotated less than 20° from the Y-axis
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3.8.1

gross dimensions

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

3.8.1.1

effective Z-dimension

as-grown effective Z dimension defined as the minimum measure in the Z (@ =0") or Z’ direction
in usable Y or Y’ area of an as-grown crystal and described by Z. ,as shown in Figure 1

3.8.1.2
minimum Z-dimension
minimum distance from seed surface to Z-surface described by Z,;, as s

3.8.2

(under consideration)

3.9
inclusions

3.9.1
seed veil
array of inclusions or voids at the surf

3.9.2
etch channel
roughly cylindrical void

3.10

dopant
any additive use
composition,

dimensions have been altered by sawing, grinding, lapping, etc.,

to meet a partictdar dimensional requirement

3.12

impurity concentration
concentration of impurities relative to silicon atoms

3.13
dislocations
linear defects in the crystal due to misplaced planes of atoms

3.14

etch channel

roughly cylindrical void present along a dislocation line after etching a test wafer prepared from
a quartz crystal
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3.15

autoclave

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

3.16

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. Right-handed quartz is the crystal of dextrorotatory and
left-handed quartz is the crystal of levorotary

3.17
twins
twins follow laws of crystallography relating symmetrically to specific fa

The following types have been identified in synthetic quartz crystal

a) Electrical twins

the electrical X-axis.
b) Optical twins

Quartz crystal in which regions with the com
optical Z-axis

3.18
infrared absorption coefficient a-val
coefficient (referred to as the a-value
absorption of two wavelengt
high absorption due to pre
mechanical loss in r
loss-inducting impuritig

expected mechanpical
a-value is deter @e us

on due to OH impurity, the other with
e crystal lattice. The OH impurity creates

ure of OH concentration and is correlated with
impurities. The infrared absorption coefficient

t is the thickness of Y-tut sample, in centimetres;

T, is the per centtrarfsmission at a wave number of 3 800 cm~1 or 3 979 cm—1;

T, is the per cent transmission at a wave number of 3 410 cm~1, 3500 cm~1 or 3585 cm1 .

3.19

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

3.19.1
lumbered Y-bar
guartz bars which are lumbered from an as-grown Y-bar

3.19.2
lumbered Z-bar
guartz bars which are lumbered from an as-grown Z-bar
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3.20

reference surface

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

4 Specification for as-grown synthetic quartz crystal

4.1 Standard values
4.1.1 Orientation of the seed

inQr rhombohedral
tated Z-cut, the

Standard orientation for the seeds are Z-cuts and rotated X-cuts,
(z-minor) cut, 1°30’ rotated Z-cut, 2° rotated Z-cut, 5° rotated Z-cut, and 8°8
Z'-axis of the latter three seeds being rotated as shown in Figure 2.

4.1.2 Inclusion density

Grade/size

range N

A W N L O

various grades:

Table 2 — Infra-red quality indications for the grades

Grades Maxima Pre-19872
3500 03585 03410 Q - 10° units
Aa 0,026 0,015 0,075 3,8
A 0,033 0,024 0,082 3,0
B 0,045 0,050 0,100 2,4
C 0,060 0,069 0,114 1,8
D 0,080 0,100 0,145 1,4
E 0,120 0,160 0,190 1,0
a  These Q-values were obtained from a-measurements and empirical
correlation, and were in common usage prior to 1987. These are included
here as the previous labels to maintain continuity through the change in
emphasizing a-labels. a is the physical meaurement now used to control and
specify quality in sythetic quartz.
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The test limits above either correspond to or are unchanged (except in the cases of grades B and
D) from the oaggqq limits that correspond to the Q-value grades listed in the first edition of
IEC 60758. This earlier publication designated some of the same grades in terms of minimum
indicated Q's in 1086 units, as follows:

A =3,0;

B = 2,2 (basis used herein), changed from 2,4 in the earlier edition;

C=18;

D =1,4 (revised);

E = 1,0 (the same as the earlier D-grade).

4.1.4 Frequency-versus-temperature characteristics (Figure 4 and 4

The frequency-versus-temperature characteristics of synthetic quart® s shall be
assessed by determination of the fractional frequency deviation m R \d 35 °C
with respect to the series resonance frequency at 25 °C. The fracti i dtisfy the
following:

— fractional frequency deviation at 15 °C: +0,5 to +1,5 x 3

— fractional frequency deviation at 35 °C: -0,5 to —

Measurement shall be made in accordance with 4

4.1.5 Etch channel density p

When required, the etch channel densit
comply with the listings in Table 3.

Table 3 tch c ities for the grades

[\\/Rr\ﬂ{e Q Nimum number p per cm?
ORE

10
< 2 30
100

300
600

4.2 Requirements and measuring methods
4.2.1 Orientation

The orientation of the seed shall be along specified directions, with a deviation of less than
30 min from nominal.

4.2.2 Handedness

The handedness of the seed shall be specified, either right-hand or left-hand (see Figure 2).

4.2.3 Synthetic quartz crystal dimensions

The dimension shall be measured by calipers or point calipers which enable the hollow point of
a synthetic quartz crystal to be measured (see Annex D).
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4.2.3.1 Dimension along Y or Y'-axis

The dimension shall be as specified (see Figure 1d).

4.2.3.2 Dimension along Z or Z'-axis dimension shall be measured by a neck ipers

The dimension along the Z or Z'-axis shall be specified as the maximum dimension along the
Z or Z'-axis in the greater X zone (see Figure 1c).

4.2.3.3 Dimension Zgg or Z' o4

The Z ¢ or Z'¢s dimension shall be specified as the minimum dimension along the Z or Z'-axis
(see Figure 1c).

4.2.3.4 Dimension Z orZ'

min min

The dimension shall be as specified (see Figures 1c and 1d).

4.2.3.5 Dimension along X-axis

The gross dimension along the X-axis shall be as spe ee c).

4.2.4 Seed dimensions

4.2.4.1 Z or Z'-dimension

The Z or Z'-dimension (i.e. thickness) of 0 ed Z-cut seed shall be less than 3 mm,
unless otherwise specified.

4.2.4.2 X-dimension

The dimension X gf the
4.2.5 Imperfec:o

4.25.1 Twin

4,252

There shall be no c s or fractures in the usable region. The existence of cracks and fractures
shall be checked by visual inspection.

4.2.5.3 Inclusion density

The following two measuring methods are used and either one may be chosen.

Method 1

Inclusions within stated ranges are counted visually per cm3 in sample volumes within a crystal
using a stereo binocular microscope operating at 30x to 40x magnification equipped for counting
within either a circular or a square field and with a calibrated reticule scale for determining
particle sizes, intense side illumination (such as halogen lamps) over a recessed black matt
background, an index matching liquid (n = 1,55, approximately) for transparency, and means of
measuring the dimensions of the sample volumes counted.
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