IEC/PAS 62276

Edition 1.0
2001-08

Single crystal wafers applied
for surface acoustic wave device —
Specification and measuring met

@%
S

PUBLICLY AVAILABLE SPECIFICATION

Reference number
IEC/PAS 62276



https://iecnorm.com/api/?name=a1c591b3c1ac0904912c77ccf17d02c2



https://iecnorm.com/api/?name=a1c591b3c1ac0904912c77ccf17d02c2

EIC

B EHREE
The Institute of Electronics, Information and Communication
Engineers Standard

2001 4 4H
April, 2001

(k) B P I (R 2 2
The Institute of Electronics, Information and
Communication Engineers


https://iecnorm.com/api/?name=a1c591b3c1ac0904912c77ccf17d02c2



https://iecnorm.com/api/?name=a1c591b3c1ac0904912c77ccf17d02c2

Copyright © 2001, IEICE; 2001, IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SINGLE CRYSTAL WAFERS APPLIED
FOR SURFACE ACOUSTIC WAVE DEVICE

SPECIFICATION AND MEASURING METHOD

FOREWORD

A PAS i a technical specification not fulfilling the requirements for a standard,
public and established in an organization operating under given procedures.

IEC-PAS|62276 was submitted by the Japanese Institute of Electronics, Information icatiqn| Engineers
and has peen processed by IEC technical committee 49: Piezoelectric and dj i { eqguehcy control
and selegtion.

The text of this PAS is based on the This PAS
following document: publication bythe

Draft PAS f\\)l%pf{t &\otmg
agis0aPas /N /N 2 [ dgimared
N_/

Followin gtigate the

possibili

1) The IE orldwide organization for standardization comprising all
nation es). The object of the IEC is to promote interpational co-
operafi the electrical and electronic fields. To this end and in addition
to othpe dards. Their preparation is entrusted to technical gommittees;
any IH dealt with may participate in this preparatory work. International,
gover S liaising with the IEC also participate in this preparatign. The IEC
collab) v ionaNOvr@ganization for Standardization (ISO) in accordance with| conditions
deterri g 8 : >

2) The f jsi of the IEC on technical matters express, as nearly as possible, an ipternational
conse inion ubjects since each technical committee has representation from all interested
Nation }

3) Thed g e\the form of recommendations for international use and are published in fthe form of
standards, icd ifteafions, technical reports or guides and they are accepted by the National Conmittees in

that sense.

4) In order to premote i ational unification, IEC National Committees undertake to apply IEC Internationa] Standards
transgarently/to the maximum extent possible in their national and regional standards. Any divergence Hetween the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

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

GiC
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FOREWORD

Although the mobile communication is spreading rapidly with a global scale in recent
years, the surface acoustic wave device is used, to the cellular phone that is used for
these widely. Wafers of the various single crystal piezoelectricity materials are used

for those devices. However, those standard is carried out individually between a

manufacturer and user, that is actual situation.

to

ent

Int for
the cal

Co

for
s
st

Th G equenicy control and selection in [the

adps (WGs), and fthe
deliberation of the I[EC

St4 itut aprics, Information and Communicatfion
En eliberation party of IEC/TC 49. On the

other hand, (@ hat
wap organized Wj

TC
49

start a new project that more than four P-member countries should noinate the name

of experts and this proposal failed. But, the Japanese National Committee for IEC/TC
49 decided to contine the work to draft this standard, even though it was not approved,
because we believed that this should be a very fundamental, useful and mandatory
documents. Therefore, Technical Committee of QIAJ cooperated to make out this work
and the draft was reviewed at the TC 49 Nara meeting, April, 2000 and recommended
as a PAS document (49/RVN/474). Finally, this document has been completed
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published as a standard of the Institute of Electronics, Informaion and Communication
Engineers and a technical standard of QIAJ.

This standard is a fruit of collecting wisdom in the field of advanced technology in
Japan and it is open for public as the Standard of the Institute of Electronics,
Informaion and Communication Engineers. And it is expected that this standard will
contribute to the development of technology in this fast growing field. This standard
will be submitted to the IEC in the track of IEC PAS (Publicly Available Specification)
for . ) .

develop this standard.

Mikio Takagi

Chairmpan
mittee for IEC/TJ 49
b of

Er'S.
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Single crystal wafers applied for surface acoustic wave device -
Specification and measuring method

Introduction

A number of piezoelectric materials has become to use for surface acoustic wave (SAW)
filters and resonators according to increasing wide electrical application and production
demand. Until now, specifications for wafers were subjected to agreement between user and

supplier. By these circumstances, TEC meefing In 1996 held at Rotierd H had
announced to make proposals about new wafer standardization. This sp i spond
to the|standardization request in piezoelectric single crystal wafers fop/surfa id wave
devicgs.
1 Sclope
This ufacturing sulstrates
made , lithium tetrgborate
crysta
2 Re
IE
IE lation ,
ndard
IE surface
IE hapter
IE
d
IEC 61019-1-2:1993 Surface acoustic wave (SAW) resonators-Part 1: General inforfation,

standard values and test conditions-Section2:Test conditions

IEC 61019-2:1995 Surface acoustic wave (SAW) resonators-Part 2: Guide to the use
IEC 61019-3:1991 Surface acoustic wave (SAW) resonators-Part 3: Standard outline and

lead connections.

IEC 60410 Sampling plans and procedures inspection by attributes
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3 Terms and definitions

3.1 Single crystals for SAW wafer

3.1.1 As-grown synthetic quartz crystal: Right handed or left handed single crystal quartz
grown hydrothermally. As-grown refers to the state of processing and indicates a state prior to
mechanical fabrication.

3.1.2 Lithium niobate: Single crystals described by chemical formula to LiNbO3 grown by
Czochralski method (crystal pulling method) or other growing method.

3.1.3
Czochralski method (crystal pulling method) or other growing method.

by

3.1.4 [Lithium tetraborate: Single crystals described by chemical forgs i own

by Czochralski method (crystal pulling method), vertical Bridgeman eth wlng
methad.

3.2
crystal growth batch.
3.3 Tlerms and definiton related synthetic quartz

3.3.1
crystal growth.

3.3.2
wavenumber by means of defect struct

pd

t: Thick@o
T1: PercentMrans

3.3.3
light fi

red

3.3.4
crysta

3.3.5 |Etch jchannel: An etch channel is a roughly cylindrical void that is present along
dislocqtiemr line after etching a quartz crystal.

3.3.6 Pinhole in seed: Pipe-like cavity along the dislocation (or line defects) within seed
created at initial duration of quartz crystal growth.

3.4 Terms and definiton related LN and LT crystal
3.4.1 Lattice constant: A length of one unit cell measured by X-ray using Bond method

3.4.2 Curie temperature: Phase transition temperature between ferroelectric and
paraelectric by thermal analysis or dielectric measurement

3.4.3 Single domain: In a state of same electrical polarization in ferroelectric crystal (i.e. LN
and LT).
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3.4.4 Polarization (or Poling) process: Electrical process to single polarization of
ferroelectric crystals.

3.4.5 Congruent composition: Chemical composition of single crystal consist with molten
solution in growing process.

3.4.6 Twins: Twins follow laws of crystallography relating symmetrically to specific faces to
axes.

3.5 Orientation flat: Cut surface intersectiing around wafer objective to indication for crystal
orientation. A direction of orientation flat almost agree with SAW propagation. It is also called
as “Primary flat”. (see figure 1)

polarizat{on.

3.6 Ipdex flat: Cut surface intersecting around wafer objective to indicati
It is also called as “Secondary flat” or “Sub orientation flat”. (see figure

3.7 Hlatness

3.7.1 [TV5 (Thickness Variation for five points): TV5 indicates the ation of thickneps in
a wafer and is the maximum difference of thickness. Thickness i ted\at the€entell of
the wafer and at the 4 points as shown in figure 1.

Index Flat

3.7.2 : arp\ Te)s s that shown the deformation of a wafer and defined
as the i ' median surface for an unclamped wafer from a referente
plane i s nce plane is defined as 3-points focal plane. Warp is albulk

prope

Focal Plane

Figure 2 Shematic diagram of warp

3.8 Roughness of back surface: Definitions of Ra are given in ISO 468, “Surface
roughness”, and 1ISO 4287/1, “Surface and its parameters”.


https://iecnorm.com/api/?name=a1c591b3c1ac0904912c77ccf17d02c2

Copyright © 2001, IEICEIE; 2001, IEC

3.9 Surface orientation: Crystallographical orientation of the axis perpendicular to the
surface of wafer.

3.10 Description of orientation and SAW propagation: Indicating the orientation for SAW
propagation followed by surface orientation connected by “-“. In case of 0° orientation can
abbreviate from explanation. Typical examples for these expression are as follows;

Table 1 Description of Orientation

Materials LN LT Quartz LBO
crystal
Expression 128° Y-X X=112"Y ST—X 45" X-7
Y-Z 36" Y-X
64" Y-X
AN
3.11 [ST-cut: Although the original definition is 42.75 degree r
propagation, actually cut angle has an available range of 20 — wen zgro
tempgrature coefficient .
3.12 [Tolerance of surface orientation: Tolerable difference
orientation and measured orientation by X-ray goniomete ther
parall¢l or perpendicular to the orientation flat.
3.13 |Bevel: A slope or round shaping_of V
3.14 [Diameter of wafer: Diameter of ci ion.
3.15 [Thickness of wafer:
3.16 |Definitions of ap
3.16.4] Contaminatio
contamination a@ ination. Those are surface contaminant that
can n¢t be remov er
on thg surface such @ , or
large @reas exhibifin loudy)appearance resulting from a film of foreign materials.
3.16.2 3
through the eRtire thigkness o
3.16.3 groove or cut below the established plane of the surface, with a
lengthf to widt
3.16.4 Chipping: Region where material has been removed from the surface or edge of the
wafer| <¥he size of chipping can be expressed by its maximum radial depth and peripheral
chord ‘tergthr

3.16.5 Dimple: A smooth surface depression larger than 3 mm diameter.

3.16.6 Pit: Pit means and hollow caused almost by bulk defects and manufacturing process.

3.16.7 Orange peel: Large featured, roughened type of surface visible to the unaided eye.
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4 Symbols and abbreviated terms

4.1 SAW: An abbreviation of Surface Acoustic Wave.

4.2 LN: An abbreviation of Lithium Niobate.

4.3 LT: An abbreviation of Lithium Tantalate.

4.4 LBO: An abbreviation of Lithium Tetraborate.

4.5 OF: An abbreviation of Orientation Flat.

4.6 |

4.7 T
5 Re

51 N

5.1.1

Qualit

60758,

5.1.2
treate

51.3
value

5.1.4
5.2 S

5.2.1

5.2.2

. ANl abpbreviation or Inaex Flat.

c: An abbreviation of Curie Temperature.
gquirements

laterial Specification

] to single domai

LT: Mate
0,

And also treaté

fied

5.2.3 OF

Dimensions of OF and tolerances
1) 22.0 mm*3.0 mm (For 76.2 mm wafer)

32.0 mm=3.0 mm (For 100 mm wafer)

2) Orientation tolerance

Orientation tolerance: +=30’
Orientation of OF shall be perpendicular to SAW propagation. In case of wafer
having orientation of OF parallel to SAW propagation, it should subject to
agreement between user and supplier. Orientation of OF for quartz crystal wafer is
X-plane (110) and —X side.
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524 IF

1) Dimension of IF and tolerances
Dimensions and these tolerances of IF are specified as reference value
10.0 mm =5 mm (For 76.2 mm wafer)
12.0 mm =5 mm (For 100 mm wafer)
2) Orientation tolerance of IF
Orientation tolerance of IF are specified between user and maker. Nevertheless ,
a following is reference value. Orientation of IF is not specified.
Orientation Tolerance : +1.0°
3) A laser marking is permited as an alternative method of IF.

5.2.5 Raoughness of back surface: As specified in Table 2

5.2.6 [Warp: As specified in Table 2.

5.2.7 [TV5: As specified in Table 2.

Table 2 Roughness, Warp, and TV5 (\
. . Roughness of back ar m TS (m)
Materials Diameter of wafer surface(Ra) Sm’& S;;ified value
N 20

0.5 m or over / 10
76.2 mm (3 inches)
Quartz Less than O.Sm\ 5/ /\20 10
crystal Q./SNO@& % ( U40‘\/ 15
100mm
Le th§>\0\.&<m\ \}d 10

2(0 . m or O\k\ 50 15
—

76.2 mm (3.nches 2. ~0\V%\ 40 15
~_/

Le \hen O.SMV 40 10

LN,LT N
NW 50 20
§0m >"{” 54m 40 15
/\ \Qs han 0.5/ m 40 10
}.5/1 m or over 40 15
LBO 76. (3 inche
/\ Less than 0.5 m 40 10

i mg orMpagation surface: Finishing of propagation surface shgll be
processediby lish.yDetails of surface finishing subjected to agreement between yser

5.2.9 |Defects of prdpagation surface®

1).Scratch
NO scratch by visual Inspection .

2) Chipping
a) Edge chip:
Direction to center of wafer : less than 0.5mm
Parallel to tangential line at edge of wafer : less than 1.0mm
b) Surface:

There is no chipping by visual inspection.
3) Crack:
No crack by visual inspection.
4) Contamination:
No contamination by visual inspection.
5) Others
Other defects such as dimple, pit, and orange peel are occasionally
detected on a wafer surface. No defect also specified by visual inspection.

-6 -
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5.2.10 Surface orientation and its tolerance

Surface orientation shall be specified by user and supplier.

Tolerance : Quartz crystal: =10’
LN+ LT - LBO: +20’

5.2.11 Inclusions

LN/LT/LBO wafer : No visible inclusion by naked eye inspection

Synthetic quartz wafer : Material satisfying the specification better than Grade Il of
IEC 60758 “Synthetic quartz crystal”, 1.4.2 “Inclusion density”.

5.2.12 Etch channel density and position of seed for quartz wafer

AN ol o l

wafer.
P) Position of seed

5.2.13 Bevel

5.2.14

specifjed.

5.2.19 Lattice constant : This item specified eith

6 Sampling

Samp
betwe

LN : 1133 ~ 1145C+x3C
LT : 598 ~ 608C=*3C

LT: 0.51538 nm =+

ing plan
en user and\igke

6.2 Numbe

1)Dimensio
Diameter
Thickness

Position of seed shall be included within =3.5 mm cen
parallel to X-direction of center of wafer.

Bevel shall be specified by user and maker.
Curie temperature and tolerance: This ite

J.) e Criarirtict V\Iithill DCCd |JUIt;UII fUI unItL ulyata: VVafCI
Density of etch channel in a state of not passing through from prgpagation surfpce to
back surface is less than 36 as per 76.2 mm wafer or less thag 47 as

2 wafers/manufacturing lot
2 wafers/manufacturing lot

per-1J0 mm

diregtigqn and

ce constant is

ie temperature or lattice constant.

ment
pcified

P with

Length of OF
2)Surface orientation
3)Orientation of OF
4)Back surface finishing
5)TV5
6) Warp

6.3 All sampling

2 wafers/manufacturing lot
2 wafers/manufacturing lot
2 wafers/manufacturing lot
2 wafers/manufacturing lot
2 wafers/manufacturing lot
2 wafers/manufacturing lot

Following items shall be inspected for all wafers

1) Existing of OF and position of IF

2) Surface finishing
3) Wafer defects
4) Inclusions

5) Beveling
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7 Test methods

7.1 Diameter

Measuring the diameter except OF portion by means of thickness meter having a
accuracy of user’'s requirements.

7.2 T

hickness

Thickness at a center of wafer measured by thickness meter having an accuracy of 1 1 m
in according to ASTM Test Method F533.

7.3 Dimension of OF

Megasurements of OF tengthas straight cut e of TMtersect witit cirtcte by means of a
thickness meter having an accuracy of user’s requirements.
7.4 Qrientation of OF
Angle difference between orientation flat and reference origntatio pécified
lattice-plane reflected as Bragg’'s condition measured by X-ray yoni ahation
details of measuring method is in Section 2. “Measuring Method ment gf face
ang|e by X-ray “.
7.5 TV5
TV5 indicates the variation of thickness in a . exlvarialjon is the difference
between the maximum and minimum value o0 I R Thickngss is
megsured at the center and at the 4-pgints of e edge of the wafer.
7.6 Warp
Warp is one of indications that sho of a wafer and defined @s the

ma)imum difference of the median gurface fog an amped wafer from a reference|plane
as ghown in figure 2. Reference plane is {ned points focal plane. Warp is medsured
by gptical flatness equip
7.7 Defects of propag
Surface defects|on\xiafe nspected using the method which explaingd on
Section 2. “Me . [Appearance Inspection”.
7.8 Inclusions
In¢lusions sha 9 3g reflection light from wafer surface under illuminating
high 1 light in clean environment of dark backgroupd for
preyenting di
7.9 Ro
Mgastikemento roughness achieves by contact-needle type or appropriate ¢ptical
equjpment
7.10 [Orientation
Rglative measurements between reference index plane and measured angle by|X-ray
gontemeter
7.11 Curie temperature
Explanation details in Section 2. “Measuring Method”, 1. “Measuring method of Curie
temperature” .
7.12 Lattice constant

Explanation details in Section 2. “Measuring Method”, 2. Measurement of lattice constant
(Bond method)”.
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8 lIdentification, labeling, packaging, delivery condition

8.1 Packaging

All wafers should be packaged in a manner as to avoid any contamination, chipping and

damages during transportation or keeping.

subject to agreement between user and supplier.

8.2 Identification,labeling

Special packaging requirements shall be

All wafers should be packaged in specified container on which labeled with following
printed items.

a) Supplier’'s name or trade mark

by ATame of simgte crystat
c¢) Orientation angle

d) Manufacturing lot number
e) Quantity

8.3 DQelivery condition

Addlitional requiring items or documentation for inspectiof

maker.

&

r and
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Section 2 Measuring method

1 Measuring method of Curie temperature

Curie temperature of crystal should be measured by thermal analysis (DTA: Differential
Thermal Analysis, or DSC : Differential Scanning Calorimetric Analysis) or dielectric constant
method. These methods occasionally may include discrepancy of values by different
measuring condition and/or apparatus. General measuring method shall be specifing herein.
Customers using wafers from several suppliers, checking of corelations shall be required
between measured values.

1.1 DOTA method

The IDTA (Differential Thermal Analysis) method® is based on the & ' i ermic
reactipn which is observed when a single crystal transits from £ i Yelectrics.
The spmple and the standard material are set symmetrically iR igure 3

and hpated up at constant speed, while measuring the djfferenyj a en the

In thi$ case, the standard material should be th ) . A used
because of its stability. The exothermic reaction ure of
the sagmple, which produces the tempgta gren s gndard
materfal. The Curie temperature is rature
differgnce arises.

‘Temperature

Q 5 Control Unit
©
()
T

AT 0T |y
Recorder
DC amplifier

Figure 3 Schematic of DTA system

1.2 Dielectric constant method

The dielectric constant method utilizes the sharp change of the dielectric constant which
occurs when a single crystal transits from ferroelectrics to paraelectrics. As shown in Figure 4
the electrode of Pt or Ag-Pd is formed on the sample in order that the electric field should be
applied in the direction of C axis. As heating the sample in the oven at constant speed, the
change of capacitance of the sample is measured by LCR-meter and the temperature profile
as well. The temperature at which the capacitance shows maximum value can be defined as
the Curie temperature.

-10 -
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L-C-R Meter C
X-Y
Recorder
Guard T
Input Voltage |nput B
I |
Nickel |1 Resistance
Rod | I Furnace
Nickel ||
Tubing T
| |
| |
| |
- <__
/ Thermocouple
Ketos ample
Spring
steel
Figure 4 Schematic of di t% ring system
2 Mgasurement of latti t n ethod )

Between SAW velocjty & i positions are correlated. Chemical compositions
reflecq lattice co ) \ velocity 10™ range, lattice constants must ¢ontrol
10”° rgnge. The NG A on&tants is demanded the accuracy better than [L0™°.

The K-ray diffractia i egVin order to their measure their lattice constants. The
measdrement is

2dsin@ =nA
where|d i Bragg angle, and A is wavelength of X-ray.
If A i di & constants are determined by measurements 6. Ad/d is gipen in
A% = —cotOxAf
the form/of-the following differential of the Bragg’s low with respect to 9
This elqudtion shows that for a given precision of measurementA 6

A 6 has to be measured correctly within a second in order to measure Ad/d on a scale of 10°°
-10"". In 1960, Dr. Bond developed to measure closely the value of lattice constants.

In Bond method, by making symmetric diffraction called plus-side and minus-side occurred in
the same lattice face and finding the value of w, and w, from the peaks of rocking curve as
the figure 5 shows, 0 is measured as follows

Thus elements such as off-center error, absorption error zero error are eliminated

0 =(15)x(80 - w1 - w2))

-11 -
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theoretically. Furthermore we correct temperature correction, refraction correction, divergence
correction, Lorentz-polarization correction.

In case of LiTaO 4, We measured Miller index (330) by Bond method®. Lattice constants of a
axis is calculated as follows

a = 6dsso

All kinds of correction, lattice constants of LiTaOs is determined on a scale of 10°-107".

detector

collimator

3 Measuremen

3.1 Measure

nA =2dsinf

A face angle.s ¢ measured by X-ray diffraction goniometer. We assume that digtance
between each lattice’face is d, wave length is A, an optional integer is n. X-ray reflpect by
Bragg|afgle 0 which is shown following formula.

X-ray from a source is made thin beam by a slit and a reflected crystal plate. A X-ray
detector is attached at the position of Bragg angle 20 . X-ray reflect when incidence angle is
same as Bragg angle and detector can perceive X-ray. At the angle position which detector
perceive we can measure the angle between a crystal plate surface and a lattice face by a
goniometer.

-12 -
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Ratemeter
(M)

X-ray detector (G)
N
Slit (S) .
Diffracted X-ray
X-ray source (T)
J Q 2

3.2 N

The a

The f4
calcul

Incident X-ray

0
a
Figure 6 Mé ethod by X/ray

leasuring method

ngle starting poi

LIce angle
ated from the

Quartz plate @

ES are

Lattice Plane

Figure 7 Relationship between cut angle and lattice face
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3.3 Measuring direction of a wafer face

The angles should be measured about two directions as below.
Parallel to the OF (Y-direction): « (+ «a direction is anticlockwise)
Perpendicular to the OF (X-direction) :

3.4 Measuring direction of an orientation flat face

The angle ( v) should be measured.

3.5 Reference face of cutting face
Refergnce face of cutting face are shown as below.
Table 3 Reference face of cutting face
Materials Cutting Reference of Face Cutti Faé\ eference OF Face
Orientation Cutting Face (a) /_‘(\&) \ Fa (7)
LN 128Y° -X (0 -1 4)hex 0 (o \@}1 0)hex 0
LN Y-Z (0 3 0)hex 0 0 (0 0 6)hex 0
O

LN 64Y" -X 01 8)he§\ +&46’ ( \ 0~ M (@2-10)hex 0

LT X-112° Y (2 -1 0)hex \ \ o— (0 1 2)hex +10° 44

LT X112° Y @ -1 0)he>( (0 > 0 (0-110)hex | -5° op’

LT X-112° Y /\@ m \Q) 0 (0 3 0)hex 22° 1p

LT 36Y° X (0 2)hex \{ 04') 0 (2 -1 O)hex 0

LT a2y - Nz) X \9\ 05 0 (2 -1 O)hex 0

LBO <4\5>9 -z< 6\1 &t{tra 0 0 (0 0 1)tetra 0

duartz ;{Q (01\1)he%\/ +4° 327 0 (2 -1 0)hex 0

4 Appe S
4.1 The methoedf sprface finish inspection
The wafer surface shall be mirrored polish such that the surface acoustic wave input or putput
transdueerisfermed-suceesstuty—Asa-genreralrule—thevisualhrspection-efthesurfaee finish

shall be carried out according to the inspection items given below.
Scratches

Chipping

Cracks

Contamination

Others: Dimple, Pit, Orange Peel

- 14 -
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The quality expression required in the visual inspection are, (1) numeral characteristics
expression, (2) technical vocabulary expression, (3) illustration, photographic expression, (4)
representative samples, these expression shall show clearly whether the product has passed
or failed by the inspections according to defined acceptance criteria.

There are two methods for visual inspection by using naked eye or using microscope, the
supplier shall use either or both method as required.

The visual inspection shall be carried out in the clean bench arranged so that the ambient
scattered light is intercepted, and the light emitted from a high brightness white light tungsten
or halogen source is condensed optlcally and focus it on the wafer, the scatterlng Ilght from

the ahove-mentioned—defectsexistedonthewafer—strfaceor cugc TS |||apcx.,u::u uy rraked eye
mspe( tion.

The illumination intensity for light source, inspection area and boungd b shall
be stipulated in the clearest practical manner between user and s ) S is pgssible
that the defect criteria is expressed by numeral characteristics/exprassix glief shall
make |better use of the defect criteria. In the meantime, if it i ik \tha 6 make

prepafation for representative samples, it is desirable to USENERIES i o that
the digpersion and tolerance of inspection judgement ca

Whenlit is needed to fully inspect the defect which(wag g j8 i i hnd to
find ajminute defect which was not detected by i At ection
shall be carried out concurrently. In g sed in
order [to magnify the inspection object scope

shall e used by detecting the light reflec
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Annex A (normative)

Expression using Eulerian angle for piezoelectric single crystals

Material properties of piezoelectric single crystals, such as piezoelectric constants (ei1),
elastic constants (cy1), dielectric constants ( € 11), have been generally determined in terms of
the rectangular axes (X,Y,Z) which have been defined in place of the crystal axes (a,b,c) of
crystallography for all crystal system of 23 point groups. On the other hand, SAW substrate
show characteristic properties of SAW propagation according to cut angle of their substrate
and direction of SAW propagation on the substrate. When theoretical treatments have been
done for SAW propagating characteristics along x; direction on a given piezoelectric crystal
substrate which is cut perpendicular to x; axes. as shown in figure 8. their characteristics have
been psually calculated using the new rectangular coordinate system o axes (X4q,X2,X3)

which P) as
showr
Figure c Rical] SAW
substH ‘ i )s shgwn in
Figurg i ; ypical
SAW

I
SAW propagation
X1

Piezoelectric substrate

Figure 9 SAW propagation system on piezoelectricity substrate
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X1 (=+Z
X

(a) 128° VY-X LiNhQ, (oy—Y¥—ZHiNBO;
(0,37.8,0) (0,90,90

(c) 64° Y-X LiNbO,
(0,154,0)

d

(f) 42° Y-X LiTaO,
(0,132,0)

(g) 45° X-Z Li,B,O;, (h) ST-X «-Quartz
(45,90,90) (0,132.75,0)

Figure 10 Direction of piezoelectricity representative substrate shown by Eulerian angles
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Table 4 SAW wafer abbreviated terms for typical SAW substrate

Abbreviated Cut angle and propagation Chemical formula and Euler angle
terms
128° Y-X 127.8" Rotated Y cut X SAW propagation LiNbO3
LN Lithium niobate substrate (0,37.8,0)
Y-Z Y cut Z SAW propagation LiNbO3
LN Lithivm nighata cubctrato (0_90_90)
64° Y-Z 64° Rotated Y cut X SAW propagation (%bo3
LN Lithium niobate substrate N 0, 54('&\
X-112° Y X cut 112.2° Rotated Y SAW propagation LiaOg \>
LT Lithium tantalate substrate /\ 0, 90,
34° Y-X 36° Rotated Y cut X SAW propagation T O3
LT Lithium tantalate substrate Q 12 , 0)
47° Y-X 42° Rotated Y cut X SAW propagation iTaOs
LT Lithium tantalate substrate A (0, 132, 0)
49° X-z 45" Rotated X cut Z Q Li,B,0-
| BO Lithium tetraboraﬁt&t@t (45, 90, 90)
bT-X ST cut X SAW prepagation SiO; (@ -Quartz)
a4 Quartz a-Quartz C ysta(\ (0, 132.75, 0)

W

nmex B (informative)

Cryst

Cryst alski method)

This i a single crystal by dipping a seed crystal into the melt in a crlicible
rotatin ible or the both of them, then pulling up a crystal from the melf. This
metho e Czochralski method by the name of the person who tried it for the first
time®| Started inth lally from germanium (Ge) and silicon (Si) single crystal,it has been
used fo_ manufacture various single crystals. Concerning LN and LT, a large-scale [single

crystal was manufactured for the first time by the Bell telephone lab and Old Soviet Unipn lab
in 1965.

While there are r.f. induction heating and resistance heating as the heating method,
regarding LN and LT, single crystals are grown generally by r.f. induction heating method.
Figure 11 shows a sketch of an apparatus using r.f. heating.

It is general to utilize LiNbO; (LiTaOj) polycrystals as a starting material, which are
obtained by mixing Li,CO3; and Nb,Os5 (Ta,Os)with Li/Nb (Li/Ta) mole ratio of 0.93 to 0.95, and
then, calcinating the compound after press forming it. The polycrystals are made to melt by
charging them into the crucible and heating inductively the crucible itself.

Next, after dipping the leading end of a seed crystal cut out in the direction of crystal axis of
pulling-up onto the liquid surface where raw materials are melting, the seed crystal is rotated
in the vicinity of the melting point. Then, after the temperature of the melt is controlled to the
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state of necking down for the leading end and the state of equilibrium is confirmed, pulling-up
is begun.

The temperature of the melt is generally reduced little by little until a shoulder part is formed
and fixed diameter is obtained. And then controlling the diameter the crystal is pulled up until
fixed length is obtained. Finally, the crystal is pulled off from the melt upward and the state as
ingot of a single crystal is obtained.

Single-domain

Ferroelectric crystal can shlft the state of multi- domaln to single domam by external DC
suppl pecific
temp ; and it
is call 3 gcessary for
shifting to single-domain is so high that poling is in fact impossjtile. ing is

In th ichlar to
Z or above
Curie temperature then cooling down the crystals with ho : QC shpply. To régmove
thermal stress from LN and LT which are grown by th al pudti y gratory
process for poling processing, anneal processing (is i below
melting int. , i it i room
temp Y ive ‘ raised
to abgut 650°C with adding some * i cause
single LNNis hig is g oth of
annedl processing and poling processjig simultg . i ini ined by
forming an electrode on LN wh|ch ke orystal pulling method after anneal

processing at about 1200C
Congfuent compositior

In gerneral, thert
compg@sition and the

iometric

S bsition
to foi‘n solid solyt | t, the
compasiti irgle ba i eter nined by the composition of melt and the composition of
solidif eept a certain composition. In producing a single cfrystal,
the r sied by bringing the composition of melt and solidified |single
cryst rally called congruent composition. However, congruepcy is
strictly defined\as mpomonal equilibrium in a thermodynamic equilibrium. We algo can
have tilization of certain compound (e.g. Li,O). The axially upiform
compasiti al therefore is not necessarily congruent, and depends on the particular

growth apparatus™séd. The example given in the informative Annex shows a rep¢rt for
compgsitional problem of LiNbO; crystals.

The congruent composition is from 0.93 to 0.95 approximately in Li/Nb mole ratio and Li/Ta
mole ratio for LN and LT. When LN and LT are grown in the composition which shifts from the
congruent composition in the process of the crystal pulling method, the composition changes
in the crystals and Curie temperature, lattice constants, and refractive index, etc. change
similarly, and wave velocity which is important in SAW device also changes with the change
of the composition. In Figure 12 which is an example of LN, as Li/Nb ratio increases, wave
velocity quickens while wave velocity slows as Li/Nb ratio decreases. Moreover, on the top
and the bottom of single crystal, except the congruent composition, the composition and the
wave velocity change. The congruent composition here is @.
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load cell

rotation

pulling

A.D.C
o= e}
i o= ~
R.F & Q)
" P [~ R.F.coil
generator
o= U ~
s e )
S
Figure 11 Czochralski meth
3990

<« T

“« M

<+« B

Li,O
Li,O+Nb,Os
48.4%
48.5%

: SAW Velocity (m/s)

48.6%

\%TJ M B 48.96%
Curie Temperature

Aship between SAW velocity and sample position”

Melt /:K
Congruent melt composition T
- ST TN T
~ 1200_—B
S \ -
~ F CTNDO3 B
Crystal
)
= 1000 )
‘é’ L
S 800 | ®
5
C ®
600 [—
1 1 1 1 1 1
Nb,O 46 48 50 52 Li,O

Li, O Mol%

Figure 13 Relationship between LN composition and temperature”
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Vertical Bridgman method

Lithium tetraborate (Li,B4O; : LBO) is a stoichiometric composite, melting congruently, and
can be crystallized by melt growth method as a result that no phase transition exists under
melting temperature. Poling treatment is unnecessary because of not ferroelectrics.

In the first stage, Czochralski method applied to crystal growth, but it was difficult to obtain
industrially usable large crystals. Recently, Vertical Bridgman method was induced in this
field, and has been refined to provide large crystals for practical production of SAW
application.

Vertic on with
moving ertical
temp Easy for operation, simple and low co ili onstruction

aring to other melt growth methods will be the most practical pesuli >Crystal growth
e operated under unmanned environment, because dia ‘ 3
unnecgessary. By the hand, twinning, cracking, or policrystalizi

by sticking between wall and crystal, ratio
betwepn crystal and crucible material.

Schematic drawings of furnace and temperature distpibuti is shown
in Figlire 14 and Figure 15. Melting temperature is (co P3 17C, is pllows
to usq resistance heating furnace for crystal gre W i i i cibles
are generally used for relaxing straip in 1 ion. ichiometric
polycrystalline blocks or powder are used ax :

It is rgported that single crystals with ,£110>

and <P11> were obtained under the\co tonsvef growth rates of 0.2 to 0.3mm/h, melting
tempegratures in the rangg ok 95 cm at
solid-ljquid interface.

]
Q s;\/ H —1— Brideman furnace
H . refractory tube
\b ©H HO. Pt crucible
of Ho——1— heater
OHf Ho
of —-EO — LBO melt
of Ho
H = seed
il

ik

Figure 14 Schematic drawing of Vertical Bridgeman method
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location

in furnace

(cm)
15

s—1
interface

—_
o
L I LI I LI I LI

8 9 10 X100
m. p.
Temperature (°C)

Figure 15 An example of temperature di

Manufacturing lot

The JAW wafers manufacturing process a St two processes. Former process is
growing LN, LT, LBO and 4 C 3 hick_afe materials of those wafers and latter
is cu:{lmg, Iappmg polisking By this reason, when a maker identify
manufacture lot it is nefessa ix y3ceability of former process and latter process.

In the| case of \@T ) i s_ohly one crystal can be grown by one runland a
cutting, lapping, i t coyrespond to growing lot generally. However |in the
case E\f quartz crystal, i » artz_syystals can be grown by one run, a growing Ipt has
several cutting, lapping ishing lots/ Lot identifications of former process and latter pjocess

should be given,

Annex D (informative)

Expldnation of TR,LTV and Sori

In recentyears various maobhile communication systems have been developed world wide and
the carrier frequency of 1 GHz is now extending to 2 GHz. RF filter which is one of SAW filters
is used for the high frequency telecommunication systems. Production of RF filter is realized
by adopting the fine lithograph technique and the fine electrode fabrication technique from
LSI fabrication technology. Therefore the flathess of wafers such as LN and LT for high
frequency applications appears to be a very important parameter to characterize the quality of
wafers. Flatness of those wafers is often defined as TTV, LTV, Sori, and Bow other than TV5
and Warp, and the definition of those parameters are described below

TTV: Total Thickness Variation

Measurement of TTV is performed under clamped condition and its datum plane is defined as
the back surface of a wafer. TTV is the difference between maximum height(A) and the
minimum height(B) in reference with the back surface.
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