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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYNTHETIC QUARTZ CRYSTAL -
SPECIFICATIONS AND GUIDELINES FOR 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 p bl|sh International

Standards, Technical Specmcatlons Technical Reports, Publicly Available (PAS) and
Guides (hereafter referred to as “IEC Publication(s)”). Their preparatio o technical
committees; any IEC National Committee interested in the subject dealt/witf icipate in this

preparatory work. International, governmental and non-governmental organizations™iaising with the
IEC also participate in this preparation. IEC collaborates closely witf € i ganization
for Standardization (ISO) in accordance with conditions determiné 2 een the two
organizations.

2) The formal decisions or agreements of IEC on technical matfets e ¢ neany as possible, an

3) IEC Publications have the form of recommendations for inteynatio d are accepted by IEC
National Committees in that sense. While all rg \ab are made to ensure that the
i responsible for the way in

4) In order to promote international uniformity, i ittees undertake to apply IEC
Publications transparently to the maxi e i in their national and regional
publications. Any divergence betwee ublicatten and the corresponding national or

5) IEC provides no marking<{procedufe toNndi e approval and cannot be rendered responsible for

6) All users should ensure

7) No liability shal > |ts directors,>employees, servants or agents including individual
experts and me of i nittees and IEC National Committees for any personal

injury, property da any nature whatsoever, whether direct or indirect, or for
costs (including le g arising out of the publication, use of, or reliance upon,

8) Attention is drawn te the Normative references cited in this publication. Use of the referenced
publicationg is™i e forthe correct application of this publication.

9) Attention_is\drawn e sibility that some of the elements of this IEC Publication may be the
subjeec i EC shall not be held responsible for identifying any or all such patent

International S

Piezoelectric and di¢lectric devices for frequency control and selection.

This fourth edition cancels and replaces the third edition, published in 2004. This edition
constitutes a technical revision.

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

e preparation of AT-cut slice sample for etching is changed to make it easier;
e etch channel grade classification is changed considering request of the user;

e explanation of quartz axes difference between IEEE and IEC is added as Annex F.
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This bilingual version (2012-09) corresponds to the monolingual English version,
published in 2008-11. The text of this standard is based on the following documents:

FDIS Report on voting
49/808/FDIS 49/814/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.

publication will be

* reconfirmed,
* withdrawn,
* replaced by a revised edition, or

@®
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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 and selection.

2 Normative references

The following referenced documents are indispensable for
document. For dated references, only the edition cited applies. F
the latest edition of the referenced document (including any

Amendment 1: 1992

IEC 60122-1:2002,
specification

Quartz crystal 1: Generic

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 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 «@ quartz grown by the hydrothermal method. The crystal is of either
handedness and in the as-grown condition. Cultured quartz has the same meaning as
synthetic quartz crystal

3.21

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

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 nuc

3.5

growth zones
regions of a synthetic quartz crystal resulting from grow
directions (see Figure 1)

3.6
orientation of a synthetic quartz

orthogonal axis system
Z axis

3.71
axial system fo 3

NOTE The z-cut seed
system becomes x,

3.7.2

AT-cut plate

rotated & e oriented at an angle of about +35° around the X-axis or about
-3° from bohedral)-face as shown in Figure 3

3.7.3

z (minor rhombohedral)-cut plate
crystal plate parallel to the z (minor rhombohedral)-face as shown in Figure 3a

3.7.4
X-cut plate
crystal plate perpendicular 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
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3.8
dimensions
dimensions pertaining to growth on Z-cut seed rotated less than 20° from the Y-axis

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 b as shown in
Figure 1

3.8.1.2

minimum Z-dimension
minimum distance from seed surface to Z-surface desc
Figure 1d

3.8.2
dimensions pertaining to growth on a Z-cut
axis

(under consideration)

3.9

inclusions
any foreign material withima syn
light from a bright sourcé 3

A particularly commo

3.9.1 Q

seed veil
array of inclusion
grown

3.9.2
etch cha
roughly cy
crystal

3.10

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

3.1

pre-dimensioned bar

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

3.12
impurity concentration
concentration of impurities relative to silicon atoms
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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

3.15

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

3.16
right-handed quartz or left-handed quartz
handedness of quartz crystal as determined by observing the

and left-handed quartz is the crystal of levorotary

3.17
twins
follow laws of crystallography relating symmet

a) Electrical twins

Quartz crystal in which regions
reversal of the electri

b) Optical twins

Quartz crystahin [ e,common Z-axis exhibit handedness reversal
of the optica@ i
3.18
infrared absorptio
coefficient (r he « -value) established by determining the relationship
between ab lengths: one with minimal absorption due to OH impurity,
the other/'wi ptionl due to presence of OH impurities in the crystal lattice. The
OH imp ssmechanical loss in resonators and its presence is correlated to the
presence O loss-inducting impurities. The o -value is a measure of OH
concentration and is correlated with expected mechanical losses due to material
impurities. The infrared absorption coefficient «-value is determined using the following
equation:
1.1
—7logT—2
where

a is the infrared absorption coefficient;
t is the thickness of Y-cut sample, in cm ;

is the per cent transmission at a wave number of 3 800 cm~' or 3 979 cm~';
is the per cent transmission at a wave number of 3410 cm=', 3500 cm-', or

3 585 -1,
°m Documents
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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
quartz bars which are lumbered from an as-grown Y-bar

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

3.20

reference surface
surface of the lumbered bar prepared to specific flatness and
a crystallographic direction (typically the X-direction)

4 Specification for as-grown synthetic q

4.1 Standard values

4.1.1 Orientation of the seed

(z-minor) cut, 1° 30' rotated Z-cut, 2f
Z-cut, the Z'-axis of the Iat

4.1.2 Inclusion de

The inclusion i
figures in any re

sion densities for the grades

rah“e<%\;\§e Densities per cm®

Rang

N 30-70 70-100 >100
l'a 1 0 0
I b 2 1 1
| 4 2 2
I 5 4 3
11 12 8 6 4

Users requiring a grade in only one or more of the size ranges may designate their
requirement as the grade followed by the appropriate size range.

4.1.3 Infrared quality indications, ®3g500, %3585 3410

An infrared extinction coefficient value (@ -value) of synthetic quartz (measured as in
4.2.6) shall be as listed under the appropriate heading for «@ 3500, @ 3585 OF @341q IN
Table 2 for the various grades:
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Table 2 — Infrared quality indications for the grades

Maxima Pre-1987°
Grades 6 .
93 500 93 585 93 410 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 «-measurements and empirical correlation, "and were in
common usage prior to 1987. These are included here as the previods\lahels to. maintain
continuity through the change in emphasizing «a-labels. a is the p ical measurement now
used to control and specify quality in synthetic quartz.

in cases of
rades listed in
e of the same

The test limits above either correspond to or are unc
grades B and D) from the a35qo limits that correspon
the first edition of IEC 60758. This earlier publication

A = 3,0;

B = 2,2 (basis used herein), change§
C =1,8;

D = 1,4 (revised);

E = 1,0 (the same as the ga

4.1.4 Frequency-versu
The frequency-versu

be assessed ber inatio
and 35 °C with regpect\tc

deviation shall sa

— fractionalArequy viation at 15 °C: +0,5 to +1,5 x 10-6;

— fraction e iation at 35 °C: -0,5 to —1,5 x 10-S.

Measurem

4.1.5 Etch channel density p

When required, the etch channel density, o, per cm2 (measured as in 4.2.8) for each
grade, shall comply with the listings in Table 3.

Table 3 — Etch channel densities for the grades

Grade Maximum number p per cm?
1aa 2
1a 5
1 10
2 30
3 100
4 300

Documents

Document Sharing Hub

Full document details: IEC 60758 2008


http://avadocuments2026.com/doc/iec-60758-2008
http://avadocuments2026.com/doc/iec-60758-2008

60758 © IEC:2008 -13 -

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 callipers or point callipers whi
point of a synthetic quartz crystal to be measured (see Annex D)

4.2.31 Dimension along Y or Y'- axis

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

4.2.3.3 Dimension Z 4 or Z' ¢

The Zg¢ or Z'yg dimensio
Z'-axis (see Figure 1c).

4.2.3.4 Dimm@'on
The dimension shdllbe

4.2.3.5

The gross din -axis shall be as specified (see Figure 1c).
4.2.4

4.2.4.1 Z or dimension

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

4.2.4.2 X-dimension

The dimension X of the seed shall be as specified.

4.2.5 Imperfections
4.2.5.1 Twinning

There shall be no electrical or optical twinning in the usable region. The existence of
twinning shall be checked by visual inspection.
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4.2.5.2 Cracks and fractures

There shall be no cracks 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 cm? in sample volumes within a
crystal using a stereo binocular microscope operating at 30 X to /40 X™magnification
equipped for counting within either a circular or a square field and with a\calibrated
reticule scale for determining particle sizes, intense side illumina
lamps) over a recessed black matt background, an index mdtchi iquid (» = 1,55,
approximately) for transparency, and means of measuring the~dim i S
volumes counted.

Method 2

reference samples

In case it is difficult to apply method 1, vith
iman index matching quuid

crystals|are
appropriately representing each grad p

4.2.5.3.1 Sampling

both bars and regio

supplier and the buye
density is requi

Sound statistical methods are required in order to meet appropriate agreed-upon assured
quality level test d ensure that the crystals and the volumes counted within them are
sufficiently representative. Since sampling procedures and statistical confidence tests
are described in the literature, their principles will not be repeated here.

4.2.5.3.2 Batch sampling

In most batch sampling, a suitable sample bar or group of bars is chosen to represent
the batch population. The number of bars shall depend on the number in the batch, the
type of crystal, the intended application, the separation between the mean and the target
inclusion densities and the AQL confidence level requirement needed to provide
sufficient assurance that the batch inclusion density in each size range shall be below
their applicable grade test limits. The sample bar group shall reasonably represent the
batch with respect to inclusion densities. Deviations, if any, are allowed and shall be
towards higher, not lower, inclusion densities for safe assurance.
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4.2.5.3.3 Volumes within a bar

A group of volumes within each sample bar is next chosen for inclusion counting. The
boundaries of the volumes are defined by the area of the focal field of the microscope (or
the outline of a square reticule) and either the height of the bar or the length range of the
depth adjustment of the microscope chosen for use. It is necessary to determine and
total the volumes throughout which counts are accumulated. The volumes selected for
counting should include mainly regions (usually Z-growth zones as in Figure 3) whose
material will be present and active in the finished devices and should not avoid dense
inclusion volumes within these regions. The number of volumes per bar shall be at least
six or more for reasonable statistical confidence.

The sample volume locations within a bar shall be appropriately distributed in its X-, Y-,
Z- axes to mclude the variations of the inclusion den3|ty with these ind pend t varlables.

Z-axes dimensions. Normally, the greatest variation of |nclu3|o over a
zone's grown direction, for example the Z-dimension in the Z-zone\(F d 3)
Thus, for large Z-crystals, the sampled regions shall be loca

from the seed to ensure that the bar's range of Z is w the group of
sample volumes. Similarly, any noted variations over : , if such

variations are present.

from within each rectangle formed b
sample volumes at varied distances
measures less than double the fie
alternated near and far c
sequenced in Z over its/fange t0 ensure th hy inclusion band is represented in the
plans are illustrated in Annex A.

4.2.5.3.4 Inclusio
The circular or s:: e_fi iew chosen for counting within its marked rectangle is
scanned vertically ¢ i S -height within the microscope's range of depth

e is a \.

sites varied\j Zlong its Iength (under side illumination, with its lesser X-surface up).
Beginning-i i i
taken in an™X inder (or parallelelipiped) volume. Starting slightly below the lesser
X-surface ( not scounting surface material), all visible inclusions in focus are
categorized and couinted in each of the size categories required by the customer's order:
10 um to 30 um, 30 um to 70 um, 70 um to 100 um, and greater than 100 um. The
microscope is then lowered and the newly focused inclusions counted and added into
their size categories. This process is continued through the chosen X-height; the
procedure is repeated at the next sample position, and so on.

The counts from the bar's sample sites in each of the four size categories are summed
by category and d|V|ded by the calculated total of the sampled volumes, to obtain an
average count per cm® for each category in one bar. The count averages in each
category from all the sample bars from a run are averaged and recorded as required to
represent the size distribution for the run. Maximum and minimum bar averages may also
be recorded, if desired or required. A numerical example is given in Annex B.

4.2.6 Evaluation of infrared quality by alpha-measurement

The infrared absorption per centimetre at one or more of 3 410, 3 500 or 3 585 wave
numbers is measured in a Y-cut slice scan as the difference between the absBﬁ)(cumentS
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the chosen wave number and absorption in the background outside the band, at
3800 cm~1 or at 3 979 cm~! when using a single beam instrument. Since a are known
to vary directly with the total Z-growth size distribution of the crystals in one batch, a
user may designate his preference in the batch distribution for sample testing. Such
choices are often either an average Z-crystal or a maximum Z-crystal (for worst-case
maximum alpha-measurement).

The following two measuring methods are used and either one shall be chosen.
Method 1

The wave number is fixed and the positional transmission data
scanning the sample.

measured by

Method 2

The sample is fixed and the transmission data are measured pmbers on
several points in the sample.

4.2.6.1 Preparation of the Y cut slice

will fall in the range of 5 mm to 10
-material, to resolve its « -variations;
thickness is appropriate for the lowe

limit settings, chart speed and synchronized sample
. aluation and normal use, a 1,5 mm width aperture is
amaple beam. For the lowest «-value measurements, a 5 mm width
aperture m c quired’ The aperture's height shall not exceed the X-dimension of the
seed or 5,0 : polished Y-cut standard reference slice is placed first in the sample
holder, which is th

The wave number control is set at a background setting (outside, but near the OH
absorption band), usually 3 800 + 3 cm~', and the sample is translated through the beam
with synchronized chart advance at the fixed wave number. Such scanning is done only
in the Z-growth zones of the Y-cut slice (illustrated in Figures 1 and 3). In certain cases
where background noise may be a problem, such as single beam operation, a higher
background wave number 3 979 + 3 cm~! may be used for lowered background noise. If
the background scan trace is not reasonably flat outside the original seed's boundaries, a
thin film of fluorolube grease shall be applied to both major surfaces of the semi-polished
Y-cut slice. Baseline changes shall not exceed 0,02 absorption units during a
background scan. After the sample has completed a successful scan at background, the
wave number is adjusted to the chosen 3 410, 3 500 or 3 585 + 3 cm~'. The sample is
returned to its original position and the chart paper rerolled to the position where its
wave number scan began. The sample is then scanned to plot its infra-red absorption at
this wave number in the absorption band.
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The calibration «@-values (maximum and minimum) are calculated from this reference
scan, using the equation:

A
o=
Y- cut slice thickness in centimetres

where
A* is the chosen value of 3 800 and 3 979;
A** is the chosen value of 3 410 3 500 and 3 585

NOTE A4 is the logarithm (base 10) of the traction of the incident beam absorbed by the sample at the
subscript wave number.

The spectrophotometer is considered in proper calibration if its «
are repeatable within £0,004 units of the standard's values for

slice to an accepted value and used while current.

4.2.6.3 Test measurement of a Y-cut slice

After successful calibration, each prepared (preferabl 3 unknown slice is

film of oil as needed in cases where there is o emi-golishxTheir pertinent «-values
are calculated using the equation above. S this determination are
+2,0 mm from the seed centre a beyond the appropriate
pre-dimensioned bar dimensions.

adherence to uniform i donditions~andprocedures. Therefore, it is necessary to
establish a co g The recommended compensation value is
determined by % ihg the procedure described in Annex E.

4.2.7 ature characteristics

The the quartz crystal unit for evaluating the

frequency-v : ¢ characteristics shall be as follows, and measurements

shall be ified in"I[EC 60122-1 :

— frequen 10 MHz +£10 kHz (fundamental);

— location of specjr Z-zone;

— orientation of plate AT cut 35° 15' £ 30";

— shape of plate square flat and parallel plate with one edge
along the X-axis;

— lateral dimensions of plate 8 mm x 8 mm;

— diameter of electrodes 4+ 0,1 mm;

— plate back of frequency deviation 70 +20/-0 kHz;

— electrode material silver or gold;

— supporting points at two points on opposite corners;

— finish of surface lapped (average particle size of abrasive shall be
less than 3 um), then etched by 200 kHz;

— flatness of surface when illuminated with monochromatic light

through an optical flat glass and examined within

a circular zone of 6 mm diameter, the Bﬂwments
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the fringe curvature and the frequency expressed
in MHz shall not exceed 5 if measured with yellow
light or 6 if measured with green light;

— parallelism both surfaces of the plate shall be parallel within
10"
- seal hermetically enclosed in a dry nitrogen

atmosphere at standard atmospheric conditions
for temperature and pressure (see 5.1 of
IEC 60068-1:1988).

The specification shall state minimum and maximum slope of
frequency-versus-temperature characteristics (Figure 4).

4.2.8 Etch channel density

The etch channel density is measured by counting channels in a
slice of the sampled quartz crystal as seen under a binoc
maghnification.

4.2.8.1 Sampling the crystals from a batch

Sampling a batch to achieve a specified statistic
AQL confidence statistics appropriate in th|s F
channel population depends on bo ™t 3

grows the material on the seeds. i
etch channel densities and record thei
is an adequate sample of the seeds
possibility that some of the seeds ma
controlled during planting

4.2.8.2 Preparation-of A

A sample synt@

Y-plane) of a thi S
height, although thi
provided the specified. ameuntof material is removed in each lapping. The slice's |dent|ty

should be m nd scribe, preferably on its lesser X-surface, to an
adequate d e identity will not be lost in lapping and etching.

o’ yield an AT-cut slice (at 35,25° +3° to the

After saw A , the slice is lapped on both major surfaces; first, with a
homogenized
mixture of 11,5>um gbrasive. A minimum of 0,25 mm total thickness of quartz shall be
removed in the first abrasive lapping, and of 0,10 mm total thickness in the second
abrasive lapping. The slice is then cleaned to ensure a uniform etching rate over its
surfaces, as evidenced by its uniform matt appearance after etching.

4.2.8.3 Etching procedure for lapped AT-cut slice

Within a fume hood, using appropriate safety equipment (including apron, gloves,
eyeglasses, and splatter shields), an excess of ammonium bifluoride is added to
deionized water in a suitable container to make a saturated solution at 75 °C + 2 °C. The
ammonium bifluoride is maintained at the 75 °C + 2 °C temperature, with the use of a
constant temperature liquid bath. A polytetrafluoroethylene (PTFE)-coated thermometer
in the solution is used for monitoring the temperature. If different etch temperatures are
preferred, the etch time will be adjusted appropriately to comply with the stock removal
requirement below.

The lapped and cleaned AT-cut slice is immersed into the saturated ammonium bifluoride
solution using PTFE-coated tongs or an inert etching slice holder. The solution Bments
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agitated or the sample slowly moved (approximately 25 mm per second) during the
etching process. An etching time of about 4 h should be sufficient, depending on the
agitation and the number of slices, to remove not less than 0,10 mm (minimum) or more
than 0,12 mm (maximum) total thickness. Uniform etch rate is a requirement. The quartz
slice shall be checked periodically for etch uniformity both in time and over the area of
the slice. After etching is completed, the slice is removed from the etch solution with the
PTFE-coated tongs, rinsed with hot water (85 °), then cleaned with acetone and other
cleaning agents, if needed, to prepare the sample for unobstructed visual inspection.

4.2.8.4 Etch channel counting procedure

A square grid of known dimensions in the range of 0,25cm x0,25cm to
0,50 cm x 0,50 cm is marked on the AT-cut slice within the Z-growth zone~as identified in

of the Z-zones matching the height of the seed. No grid squares
fall within £2 mm of the centre line of the seed.

Each slice is viewed with a binocular microscope using 30
strong light source directed into the slice in its lesser X-di

grid squares in 1 cmZ.

4.3 Marking

Each synthetic quartz ¢
major or lesser X-surfg

a) manufacturer’s\nan
b) orientation o@

c¢) handedness o

)
3) inclusion density: la, Ib, I, Il or Il ;
)

4) etch channel density: 1aa,1a,1, 2, 3 or 4.

4.3.1 Shipping requirements

These requirements shall be specified upon agreement between the supplier and the
user.

5 Specification for lumbered synthetic quartz crystal

5.1 Standard values
51.1 Tolerance of dimensions

Deviations from the specified dimensions along the X- and Z- or Z'- axes shall be less

than 0,2 mm (see Figure 8). Documents
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5.1.2 Reference surface flatness
Reference surface shall be flat to within 0,2 mm or as specified. Care should be

exercised in the selection of the method of measurement to isolate measures of
reference surface deviations from those of the opposite side (parallelism).

5.1.3 Angular tolerance of reference surface

Angular deviations of the reference surface shall be less than 15 from the specified
crystallographic direction (see Figure 9).

5.1.4 Centrality of the seed

Seed position in lumbered synthetic quartz crystal is shown in Figure .

5.2 Requirements and measuring methods

5.21 As-grown quartz bars used for lumbered quartz k

Raw materials for lumbered synthetic quartz crystal s accordance with the
standard values, related requirements and measuri \ use 4 of this
standard.

5.2.2 Dimensions of lumbered sy

Dimensions and tolerances shall be
measuring at least at 3 points, one at

The deviation i reference surface angle shall be measured by X-ray
angle-measuring equipment.

5.2.6 Centrality of the seed
The centrality of the seed is determined by measuring the distance between lumbered

surfaces and the nearest seed edge. An index matching liquid may be applied to the X
surface to facilitate the measurement.

5.3 Delivery conditions

The delivery conditions are to be implemented by agreement between the manufacturer
and the user.

5.3.1 Marking

In the marking code of lumbered synthetic quartz crystals, the crystal growth batch

number shall be stated. Documents
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5.3.2 Packing
Quartz crystal users shall receive in a single package a quantity of lumbered synthetic

quartz crystals having similar dimensions along the X- and Z- or Z'-axes and made from
crystals of a single batch.

5.3.3 Making batch

It is recommended that, when users are supplied with lumbered synthetic quartz crystals
in large quantities, they shall be made from quartz crystals of a single batch.

6 Inspection rule for synthetic quartz crystal and lumbere nthetic
quartz crystal

6.1 Inspection rule for as-grown synthetic quartz crystal
6.1.1 Inspection

The inspection of synthetic quartz crystal comprises lot- t

6.1.2 Lot-by-lot test

The lot-by-lot test consists of group A and grou

6.1.2.1 Group A inspection
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Table 4 — Test conditions and requirements for the lot-by-lot test for group A

D or AQL Performance
Test ND Test condition IL
% requirements
I . ND 4.2.3 1] 0,1 4.2.3.1
Minimum and maximum
specified synthetic
quartz
crystal dimensions
Twinning 4.2.5.1 4.2.5.1
Cracks and fractures 4252 49252
Inclusions ND I 0,4 /\ 4.1.2

NOTE Subclause numbers of test conditions and performance requirements reh—:‘\r o~Clause 4 of this

standard.

D: destructive

ND : non-destructive
IL : inspection level

AQL: = acceptable quality level

6.1.2.2 Group B inspection

buyer and the seller.

The samples for group B may be sel

Table 5 — Test conditions nd

D or
Test Q %?\
Evaluation of infrare »n2e” One or more as agreed 0 4.1.3
quality by between buyer and seller
o -measurement provided one sample

\—/Sample size criterion

st of acceptability Performance

condition requirements
N c

@ represents the large size

group intended for
Etch charﬁ@ty

application
NOTE Subclause Ws of test conditions and performance requirements refer to Clause 4 of this

One or more as agreed 0 4.1.5
between buyer and seller

standard.

N: sample size (Z-bar or Y-bar)

C: acceptance criterion (permitted number of defectives)
D: destructive

ND : non-destructive

Etch channel and @-measurement may be performed on the same samples.

6.2 Inspection rule for lumbered synthetic quartz crystal

The inspection of lumbered synthetic quartz crystal comprises lot-by-lot tests.
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6.2.1 Lot-by-lot test
6.2.1.1 Inspection lot

An inspection lot shall consist of all the lumbered synthetic quartz crystals produced and
offered for inspection at one time.

Raw material for lumbered synthetic quartz crystal shall be in accordance with the
standard values, related requirements and measuring methods of this standard.

6.2.1.2 Inspection requirements

The schedule for the lot-by-lot test is given in Table 6.

The statistical sampling and inspection shall be in accordance
otherwise agreed between the buyer and the seller.

D or A Performance
Test ND Test condition L
% requirements

Dimensions and ND 59292 \04\/ 5.1.1

tolerances
O 51.2

5.1.3

Reference surface flatness

Angular tolerance of
reference surface

Centrality of the seed 514

Verlflcatlo_n of _re_fer_ence 5 01 523
surface identification N
s of\test

2. >\/ [ ,
NOTE Subclause numbe ondifions\and performance requirements refer to Clause 5 of this standard.
D destructiv<>
ND non-destructiv
IL inspection v&
level

AQL acceptable quali

es\forthe use of synthetic quartz crystal

7.1.1 Overview

The guidelines have been prepared in response to a generally expressed desire on the
part of both users and manufacturers for guidelines to the best use of synthetic quartz
crystal. It is not the function to explain the practical techniques of manufacturing a
crystal unit from quartz crystal, nor to attempt to cover all the properties of synthetic
quartz crystal.

7.1.2 Synthetic quartz crystal

Synthetic quartz crystals are grown by the hydrothermal temperature gradient method.

A pressure chamber (autoclave) is partially filled with the alkaline (for example, Na,COj4
or NaOH) growing solution at room temperature. Seeds are placed in the upper space,
and nutrient quartz fragments are placed in the bottom of the autoclave, which is then
sealed and heated. The temperature in the upper space is kept lower than the
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temperature at the bottom. Hence, the solute nutrient is transferred by convection
currents and deposited on the seeds.

Shapes, dimensions and physical properties of grown crystals depend on the orientation
and dimensions of the seeds and on growing conditions. A good control of growing
processes ensures uniformity in shapes and dimensions and homogeneity in quality.

7.2 Shape and size of synthetic quartz crystal
7.2.1 Crystal axis and face designation

In textbooks and in national standards, differences exist in the choice of axes,
handedness and axial systems for describing a quartz crystal. Figure hows a quartz

crystal with all the natural faces. These are not always present etic quartz.
Figure 5b gives the corresponding synthetic quartz faces, but since thése crystals are
grown from specifically oriented seeds, their physical appearanc i from
those shown in Figures 5a and 5b.

7.2.2 Seed

Several standard orientations of seeds are chosen so.that th requently used
crystal units can be economically manufactured./Cr om Z-cut and minor
rhomb (z-minor) cut seeds are mainly for ma i hi equency crystal units
vibrating in thickness shear modes and med;j : vibrating in face shear
modes. Crystals made from Z'-cut(see ing low-frequency crystal
units vibrating in extensional or flext eed in/a grown crystal is usually
surrounded by a thin veil, which consists ’ usions.

7.2.3 Shapes and dim

As-grown synthetic quart ith the characteristic growth surfaces.

Figure 6 shows the

X-dimension. Crystals
proportions or

The size of syntheti is specified by three nominal dimensions: X, Y (or Y')
and Z (or Z'). : i ions along the X-axis, Y-(or Y'-) axis, and the Z- (or Z'-)
axis respecti
economy in

crystal grown on a Z-cut seed of small
s produced when the Z-cut seed is of other

Since as-grown crystals exhibit such growth surfaces as m-face or z-face at the ends of
the Y- or Y'-axis, the effective dimension which may be used for fabricating crystal
elements is shorter than the nominal length.

An exact measurement of the minimum dimension Z' may be troublesome in practice,
because of non-flatness and possible non-parallelism of the Z-surfaces. It is also difficult
to achieve close dimensional tolerances. For these reasons, in cases where the user's
tolerances on dimensions are closer than the manufacturer can supply, the use of partly
processed material shall be considered (this is sometimes described as pre-dimensioned
or lumbered quartz).

7.2.4 Growth zones

Deposition of solute on each growth surface is continuous and sometimes substantially
uniform, but the manner of deposition differs from zone to zone. Hence, different regions
result from growth along different directions and those regions have different properties.
Among the common growth zones mentioned in this standard, the Z-zone eﬁbits the
highest quality, then the greater X-zone and S-zones follow. Hence, itiis rec UJ‘JIentS
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that thickness shear and face shear crystal elements should be cut entirely or mostly
from the Z-zone and that only Z-zone material be included under the electrode of the
finished crystal unit. The lesser X-zone exhibits the lowest quality and is usually
discarded in the production of high-frequency crystal units.

Figures 3a and 3b show typical examples of cutting wafers of AT-cut plates and X-cut
plates from appropriate growth zones.

7.3 Standard method for evaluating the quality of synthetic quartz crystal

The degree of structural and chemical imperfection of a synthetic quartz crystal depends
on growth conditions, dopants used, and especially on growth rate resulting in two
important practical consequences. First, the extinction coefficient alpha of erystal may be
degraded (to larger values). Second, the angle of cut
frequency/temperature characteristic may not be uniform.

differences in fabrication techniques between manufacturers. e size of this crystal unit
is large and sometimes impossible to cut from the Z<zone:

When coefficients of extinction, alpha, becam A i and used for their Q-indications,
they soon replaced direct Q-measurem ‘ely, due to their capabilities
and advantages as a characterization_tool, h zones can be measured, details

of growth band structures can be reseo ., fe 2 Imost non-destructive, less

The spread of the optimum f i very small and comparable to the
spread in natural quartz 1 the @ 350pvis less than 0,06/cm (grade C). Hence,

, uniformity of alpha-values within one batch of
one production batch shall include a synthetic
thickness along Z- or Z'-axis. A choice of this sample

for the angle of cut is so chosen that frequency-versus-temperature characteristics have
linear slope and sensitive dependence on angle of cut. The specified shape and
dimensions of the test element are suitable to determine an accurate angle of cut. The
Q-value of this crystal unit depends considerably on the mounting and fabrication
processes and should not be used to evaluate the Q of a crystal.

7.4 Other methods for checking the quality of synthetic quartz crystal

There are various methods for checking the structural perfection of synthetic quartz
crystal, but quantitative correlations with electrical characteristics of crystal units have
not been completely established. An exception is the infra-red absorption method
described above, which is useful for estimating the quality.

7.4.1 Visual inspection

Excessive amounts of inclusions in crystal elements should be avoided.
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7.4.2 Infrared radiation absorption method

Some radicals, included in the crystal lattice, absorb infrared radiation at certain wave
numbers. The most common impurity radical in synthetic quartz is hydrogen bonded OH,
the amount of which can be estimated by the infrared extinction coefficient at a selected
wave number in the range between 3 400 cm~1 and 3 600 cm~1.

The concentration of OH radicals is related to the mechanical energy losses in a quartz
crystal and hence there is a correlation between the absorption and the Q-value. Figure 7
shows a typical calibration curve together with measured points. A recent recalibration
[26]1 reports that a —0,01 shift in the alpha coordinate of this curve adjusts it to yield
realistic 5 MHz resonator Qs.

The infrared absorption is usually measured in the Z-zone of the cry ure and the

absorption in the lesser X-zone differs from those in the Z-zone.

It should also be noted that the infrared extinction coefficigt e dy vary,
due to the choice of
e the dimensions of the window placed on the infrared b

e the position of the point where the measuremen
the seed;

the plane of polarization;
e the humidity and temperature envi

e the individual infra-red spectropho

slices3. It is adwsabl

the quartz suppli j

7.4.3 Miscellane

The method be g veal etch pits and channels as a measure of the number of
dislocatjons y irradiation is used for observing overall distribution of

F ) due to irradiation depends on impurity concentration and
growth zone:

X-ray diffraction patterns give useful information on the perfection of crystals. The low «
value results in sharper Laue patterns using a divergent X-ray beam. X-ray topography
by the Lang method is useful in detecting the distribution of structural defects.

However, it should be noted that all of these methods lack quantitative correlation with
electrical characteristics of completed quartz crystal units.

1 Figures between square brackets refer to the Bibliography .

2 This Round Robin was conducted between 1990 and 1992 by IEC technical committee 49 (working
group 5).

3 For more information about this process and the availability of standard «-slices, contact | ical
committee 49 (working group 5) or a participating national committee. Iﬁ&%ucﬁ]ents
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7.5 Alpha-grade

Six grades are specified. Grades Aa, A and B are required for the highest quality crystal
units. Grade C is mostly suitable for high-frequency crystal units, which require good
temperature characteristics as well as low alpha-values. Grades D and E are mostly for
low-frequency crystal units, for which a large size of crystal at low cost is the prime
concern.

7.6 Optional grading (only as ordered), in inclusions, etch channels, Al content
7.6.1 Inclusions

Five grades are specified. Grades la, |Ib and | are required for speci
optical applications such as VCR cameras or for photolithographic prog

Grade Il is generally required for high-frequency/high-qualit 2 surface
acoustic wave (SAW) resonators.

Grade lll is relevant for most of the professional and indu es \of quartz crystal
units.

7.6.2 Etch channels

device that needs a chemical etching riocd. Grades 1 and 2 are

required for such as high-frequency
fundamental or high-frequency SAW de pecific processing such as chemical
etching. Grade 3 is appropriate to ical uses of quartz crystal units.
Grade 4 is appropriate to m tz crystal units.

7.6.3 Al content

Low AI** (a substitu i a Si** site) concentration also reduces the
charge compen at’accompany Al (chiefly Na® and Li*). Control is
therefore sometinies n resistance to radiation darkening or frequency

change is needed:

The concentra the units of Al atoms per million Si atoms in the quartz
material. samplg cleaning’procedure shall not include the use of quartz etchants, to
make sufe that impurities\are not preferentially removed by etching.

The Al content_of guartz can be successfully determined by both spectrochemical
methods and physical methods. The former include, in the order of their development,
atomic absorption (AA), inductively coupled plasma (ICP) and direct current plasma
(DCP). All these methods can also yield analysis of many metals as well as Al. They
require the exercise of careful laboratory skills for accurate results, especially when the
Al contents are low. The sensitivity of all is improved by predigesting the SiO, samples in
HF solution (which removes the Si by the evolution of SiF gas), with the use of blank
runs to control for unwanted additions of impurities from the HF used.

The physical methods include electron spin resonance (ESR), also called electron
paramagnetic resonance (EPR), and infrared absorption of a swept sample at liquid
nitrogen temperature. In addition, at least qualitative information can be obtained from
comparisons of irradiation darkening of X-growth regions.

The spectrochemical and physical methods both involve the use of specialized equipment
of such cost that it is normally installed only in laboratories expecting a volume usage of
the equipment. For Al determinations in quartz, the user shall search for either a
well-equipped spectrochemical laboratory with well-qualified technicians or Dﬂé”’lifﬁ‘lents
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laboratory equipped with EPR. It should be possible to obtain reasonable results from
either.

Care is required in the preparation of samples for Al analysis to ensure no unwanted
material is included. For example usually only one growth zone and no seed material is
desired. Frequently, the desired zone is Z-growth material.

7.6.4 Swept quartz

AI3+_M+ (a monovalent charge compensating ion), defect in quartz, is transformed to
A1 * —0OH when the alkali ion is dissociated by radiation. By this transformation, an
elastic relaxation in A1°%*—M" centre is erased and the elastic constant is increased. The
frequency shift of quartz is triggered for this reason by radiation, but the frequency shift
by radiation can be reduced if alkali ions in quartz are removed in advance by sweeping
(electric field diffusion processing) to cause transformation from AIX X

7.7 Ordering

The following items shall be specifi
be used whenever possible).

W)

As-grown synthetic quartz crystal o

)

) Type of quartz (RH or LH).

) Orientation of seed.

) Dimensions.

) Alpha-grade.

) Additional g@ sp atio s required.
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Figure 1a — Section L to Y-axis
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Figure 1c — lllustration of d dZ Figure 1d - lllustration of dimension Z_,_

Figure 1 — Ideg\Jize
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Figure 2 — Quartz crystal axis and face designation
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