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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SINGLE CRYSTAL WAFERS FOR SURFACE ACOUSTIC

WAVE (SAW) DEVICE APPLICATIONS -
SPECIFICATIONS AND MEASURING METHODS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /6f ¥EC is to promote

this engl and in addition to other activities, IEC publishes International Standar

ical

internafional co-operation on all questions concerning standardization in the electricall and elestroni
q
red

Technigal Reports, Publicly Available Specifications (PAS) and Guides (he
Publication(s)”). Their preparation is entrusted to technical committees; any | 8

in the |subject dealt with may participate in this preparatory work.
governmental organizations liaising with the IEC also participate in this prepa
with the International Organization for Standardization (ISO) in accordance
agreemfent between the two organizations.

2) The formal decisions or agreements of IEC on technical matters ex ¢ posgible, an i
consengus of opinion on the relevant subjects since each ica i épresentati
interestied IEC National Committees.

3) IEC Puplications have the form of recommendations fg y e
Commiftees in that sense. While all reasonable efforts are rwads hat the technical con
Publications is accurate, IEC cannot be 3 [ hich they are used
misintefpretation by any end user.

4) In ordef to promote international uniformity, YeC Nati ittees”undertake to apply IEC H
transpafently to the maximum extent posgible in thei ional and regional publications. Any
betweep any IEC Publication and the corre Qr regional publication shall be clearly
the latter.

5) IEC prevides no marking proced dl and cannot be rendered responsil
equipmpnt declared to bg.i

6) All users should ensure tha

7) No liabflity shall/attae amployees, servants or agents including individual g
membefs of its te atftonal Committees for any personal injury, property
other damage of an g ether direct or indirect, or for costs (including lega
expenses arising t 1 i ge of, or reliance upon, this IEC Publication or any
Publications.

8) Attentign i S e references cited in this publication. Use of the referenced pub
indispe K ation of this publication.

9) Attenti o the pgssibility that some of the elements of this IEC Publication may be th¢g
patent not ba& held responsible for identifying any or all such patent rights.

Internatiq IEC 62276 has been prepared by IEC technical comm

Piezoele¢tric and ctric devices for frequency control and selection.

c fields. To
cifications,
b as “IEC
iaterested

nd non-
tes closely
ermined by

ternational
bn from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

le for any
xperts and
damage or

fees) and
other IEC

lications is

subject of

ittee 49:

This standard cancels and replaces IEC/PAS 62276 published in 2001. This first edition
constitutes a technical revision.

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

FDIS Report on voting
49/720/FDIS 49/724/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.

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

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

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

@%
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INTRODUCTION

A variety of piezoelectric materials are used for surface acoustic wave (SAW) filter and
resonator applications. Prior to the 1996 Rotterdam IEC TC 49 meeting, wafer specifications
were typically negotiated between users and suppliers. During the meeting a proposal was
announced to address wafer standardization. This document has been prepared in order to
provide industry standard technical specifications for manufacturing piezoelectric single
crystal wafers to be used in surface acoustic wave devices.

@%
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SINGLE CRYSTAL WAFERS FOR SURFACE ACOUSTIC
WAVE (SAW) DEVICE APPLICATIONS -
SPECIFICATIONS AND MEASURING METHODS

1 Scope

This International Standard applies to the manufacture of synthetic quartz, lithium niobate
(LN), lithium tantalate (LT), lithium tetraborate (LBO), and lanthanum gallium silicate (LGS)

single cr

stal wafers intended for use as substrates in the manufacture/of surface

acoustic

wave (SA

2 Normative references

The follo
For dateq
of the ref

IEC 60794
IEC 6041

ISO 428
Terms, d|

3 Tern
For the p

3.1

Single cr

3.11
as-grow
right-has|

“as-growpn’

NOTE Se

W) filters and resonators.

ns and defi

urposei

quartz is grown hydrothermally. T

ocument.
st edition

nethod —

he term

3.1.2

lithium niobate

LN

single crystals approximately described by chemical formula LiNbO3, grown by Czochralski
(crystal pulling from melt) or other growing methods

3.1.3

lithium tantalate

LT

single crystals approximately described by chemical formula LiTaOS, grown by Czochralski
(crystal pulling from melt) or other growing methods
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3.14

lithium tetraborate

LBO

single crystals described by the chemical formula to Li;B4O7, grown by Czochralski (crystal
pulling from melt), vertical Bridgman, or other growing methods

3.1.5

lanthanum gallium silicate

LGS

single crystals described by the chemical formula to LazgGagSiO44 grown by Czochralski
(crystal pulling from melt) or other growing methods

AN

3.2
manufacturing lot
establishpd by agreement between customer and supplier

3.3 Terms and definitions related to LN and LT crystals

3.31
Curie temperature
Tc

phase transition temperature between ferroelectri¢ and\ pa
differentigl thermal analysis (DTA) or dielectric

geles phases meapured by

3.3.2
single domain
ferroelec

3.3.3
polarization (or polin
electrical| process used

3.4 Terms and' ]

3.41
lattice constant
length of
method

he Bond

342 4
congrue
chemical ition\of a single crystal in a thermodynamic equilibrium with a molten solution
of the same . composition during the growth process

3.4.3
twin
crystallographic defect occurring in a single crystal.

NOTE The twin is separated from the rest of the material by a boundary, generally aligned along a crystal plane.
The lattices on either side of the boundary are crystallographic mirror images of one another.

3.5

orientation flat

OF

flat portion of wafer perimeter indicating the crystal orientation. Generally, the orientation flat
corresponds to the SAW propagation direction. It is also referred to as the “primary flat” (see
Figure 1)
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3.6
seconda
SF
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ry flat

flat portion of wafer perimeter shorter than the OF. When present, the SF indicates wafer
polarity and can serve to distinguish different wafer cuts. It is also referred to as the “sub-
orientation flat” (see Figure 1)

3.7
Flatness

3.71

fixed quality area

FQA
central

ran of o \yafar cyiefann Anfio
Tt

&
P
b
b
b
b
b
P

which the

specified

NOTE Th
the wafer o

3.7.2

referencp plane

depends
following

a) for cl

waferf,

b) three
c) thel
d) thel

3.7.3
site

parametsq

3.7.4
TV5 (thig
TV5 is 4

between ffi
at four peri

rCco— oo worcT— oot ac oot

values of a parameter apply

e boundary of the FQA is at all points (e.g. along wafer flats) the dista
f nominal dimensions.

on the flathess measurement and needs tg

veSs variation and is defined as the maximum d
ents. Thickness is measured at the centre of the

6 mm

§meter of

y of the

ce of the

Flatness

ifference
afer and

\ Orientation flat

IEC 552/05

Figure 1 — Wafer sketch and measurement points for TV5 determination
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total thickness variation (TTV)
measurement of TTV is performed under clamped conditions with the reference plane as
defined in 3.7.2 a). TTV is the difference between maximum thickness (A) and the minimum
thickness (B) as shown in Figure 2

/—/7‘_\
- —

A A
\ 4
Reference plane || back surface

IEC 553/05

AN
Figure 2 — Schematic diagram of TTV
3.7.6
warp
warp desgcribes the deformation of an unclamped wafed and defi maximum
difference between a point on the front surface and a ] in [Figure 3.
The referlence plane is defined by 3-points as describe 7Wakp is a bulk pfoperty of
a wafer ¢
Reference
point
IEC 554/05
diagram of warp
3.7.7
sori
describes mMped wafer and is defined as the maximum difference
between e/and a reference plane. In contrast to warp, in fthis case
the referg¢nc i )y a least-squares fit to the front surface (3.7.2 ¢))
3.7.8 <
local thi LTV)
determined by ameasurement of a matrix of sites with defined edge dimensions (e.d. 5 mm x
5 mm). Measurem s performed on a clamped wafer with the reference plane as defined in
3.7.2 a)_ A site map mmmplp is shown in Figurp 4 The value is nlway& a pncifivp number and

is defined for each site as the difference between the highest and lowest points within each
site, as shown in Figure 5. For a wafer to meet an LTV specification, all sites must have LTV
values less than the specified value
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3.7.9
percent
PLTV
the perc
measure

measure
the maxi
plane. If
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IEC 555/05

Figure 4 — Example of site distribution for LT
All sites have their centres within the

Back surface

Site 1 Site 2

IEC 556/05

Figure 5 - L : < d is measured at each site

mum.distanceg between a point on the wafer surface (within the FQA) and

that point is above the reference, the FPD is positive. If that point is b

reference plane, the FPD is negative

3.8

back surface roughness
definitions of R, are given in ISO 4287

3.9

surface orientation
crystallographic orientation of the axis perpendicular to the surface of wafer

3.10

description of orientation and SAW propagation
indicating the surface orientation and the SAW propagation direction, separated by the
symbol “-“. Specification of a 0° orientation is normally omitted. Typical examples for these
expressions are shown in Table 1.

the LTV

indicates
the focal
elow the
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Table 1 — Description of wafer orientations

Material LN LT Quartz LBO LGS
crystal
Expression 1280 Y-X X-1120Y ST-X 450 X-Z yxIt/48,5°/26,6°
Y-Z 360 Y-X
640 Y-X
3.1
ST-cut

although the original definition is 42,75° rotated Y-cut and X-propagation, the actual cut angle
can range from 20° to 42,75° in order to achieve a zero temperature coeffi;ient\

3.12
tolerance of surface orientation
acceptable difference between specified surface orientation and meagursd r%tation,
measured by X-ray diffraction

3.13
bevel
slope or|rounding of the wafer perimeter. This is/also_ref y s “edge profile”. The
process |of creating a bevel is called “bevelling ( : . The profilg and its
tolerance

3.14
diameten of wafer

diameter A\ SF regions

3.15
wafer thickness
thicknesq§ measured at

3.16 Definitior@ 3

3.16.1

contaminati

the first |is d the second as particulate. The first is caused by surface
contami moved by cleaning or are stained after cleaning. Thosg may be

foreign
discolourn
from a film of fo

ce of, for example a localized area that is smudged, stained,
/, or large areas exhibiting a hazy or cloudy appearance|resulting
aterials

3.16.2
crack
fracture that extends to the surface and may or may not penetrate the entire thickness of the
wafer

3.16.3

scratch

shallow groove or cut below the established plane of the surface, with a length to width ratio
greater than 5:1

3.16.4

chip

region where material has been removed from the surface or edge of the wafer. The size can
be expressed by its maximum radial depth and peripheral chord length
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3.16.5
dimple
smooth surface depression larger than 3 mm diameter

3.16.6

pit

non-removable surface anomaly such as a hollow, typically resulting from a bulk defect or
faulty manufacturing process

3.16.7
orange peel
large featured, roughened surface visible to the unaided eye under diffusemmation

3.16.8

acceptable quality level

AQL

This definitjon is the same as in 4.2 of IEC 60410:1973 and is shown here for

The AQL is the maximum percent defective (or the maximu hundred
units) that, for purposes of sampling inspections, can be a process

average

4 Reqlirements

4.1 Material specification
411 Synthetic quartz crystal

A syntheli ° of arc,
and the wafer should cong S ic quartz
crystal conforms to or exc 3 -

— Infrared absorption ¢

— Inclusign den Grade I

— Etch ch Grade 2

4.1.2

LN isas i aving a Curie temperature within the specified range
4.1.3

LT is a pihgle domain material having a Curie temperature or lattice constant within the
specifiedrenge-

41.4 LBO, LGS

Material not including twins.

4.2 Wafer specifications

The specifications listed here apply in the absence of superseding agreements between user
and supplier. These specifications are expected to evolve and change as existing processes
are refined and new ones are developed. For wafers that are typically used in conjunction with
a photolithographic stepper equipment, LTV is typically specified as one of the flatness
criteria. When using projection lithography for full wafer exposure, FPD is often more relevant
than TTV, as the system will perform a tilt correction referenced off the front surface. Sori is
often more meaningful than warp since the least-squares derived reference plane used in that
measurement typically provides a more accurate representation of the wafer surface.
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4.2.1 Diameters and tolerances

76,2 mm £ 0,25 mm (commonly referred to as a “3 inch” wafer)

100,0 mm = 0,5 mm
125,0 mm £ 0,5 mm
150,0 mm £ 0,5 mm

4.2.2 Thickness and tolerance

62276 O IEC:2005(E)

0,3 mm to 0,5 mm £ 0,03 mm for a diameter of up to 100 mm, 0,5 mm to 0,8 mm for larger

wafers.

4.2.3 OF

AN

Dimensidns of OF and tolerances

a) 22,0 mm £ 3,0 mm (for a 76,2 mm wafer)
32,5 mm £ 3,0 mm (for a 100 mm wafer)
42,5 mm %= 3,0 mm (for a 125 mm wafer)
57,5 mm £ 3,0 mm (for a 150 mm wafer)

b) Orientation tolerance
Orienftation tolerance: £30’

Orientation of the OF shall be pe
upon [by user and supplier. Orientatio
0) and an arrow pointing from the wa

4.2.4 SF
The dims
a) Dimepsions of SF and
Dimepsions &
11,2
18,0

4.2.5 Back surface roughness

As agreed upon by user and supplier (see Table 2).

4.2.6 Warp

As specified in Table 2.

4.2.7 TVS5 or TTV

As specified in Table 2.

e agreed

ed on by
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Table 2 - Roughness, warp, TV5 and TTV specification limits

Warp (um) TVS5 (um) | TTV (um)
Material Diameter of wafer Roughness of specified specified | specified
back surface (R,)
a value value value
. 0,5 ym or greater 30 10 10
76,2 mm (3 inch)
Less than 0,5 uym 20 10 10
Quartz crystal
0,5 ym or greater 40 10 10
100 mm
Less than 0,5 uym 30 10 10
2,0 ym or greater 50 15 15
76,2 mm (3 inch) 2,0 ym to 0,5 ym 40 15 15
Less than 0,5 ym 40 /J\O 10
2,0 ym or greater 50 ( 20 20
100 mm 2,0 ym to 0,5 pm a0 |7 (5, 15
Less than 0,5 ym 4 10
LN, LT " o \N_M
2,0 um or greater Al 20 Ny 20
125 mm 2,0 ym to 0,5 pm \ 50 N\ k& 15 15
Less than 0,5 ym Mo X0 \1o 10
2,0 ym or gre \GR \ \)O 25
150 mm 2,0 pm to 0/ pm s 15 20
Less than Q.5 tm/ 40 10 15
0,5 pef or \gréatef: 4 15 15
76,2 mm (3 inc)—<\ gﬁth \€)5 ?\; :) )5\(37 10 10
e an\0,
L8O \5\5\,3}\ }e\l: /40 20 20
, or greater
100 mm 2
Less thamQ,5 pr. 40 10 10
(0.5 \im orgreater” 40 15 15
Lésg ﬁha 0,5 um 40 10 10
LGS O
\Qé um o) greater 40 20 20
“bess than 0,5 um 40 10 10
4.2.8 sh
The front ed. Surface finishing details are subject to agreement
between
4.2.9 4
a) Scrat
No sd
b) Chipg

1) Edge chips:
Radial depth:
Peripheral chord length:

2) Surface:

less

less

No chips by visual inspection

c) Cracks

No cracks by visual inspection

d) Contamination

No contamination by visual inspection

e) Others

Other defects such as dimples, pits, and orange peel:

than 0,5 mm

than 1,0 mm

no such defects by visual inspection.


https://iecnorm.com/api/?name=b6293dfb555f4827483de861c11b4a98

-16 - 62276 O IEC:2005(E)

4.2.10 Surface orientation tolerance

Surface orientation shall be specified by user and supplier.
Quartz crystal: 10’

LN, LT, LBO: 20’

LGS crystal: +10’

4.2.11 Inclusions

LN/LT/LBO/LGS: No visible inclusions by naked eye inspection

S th t' 4. Fy H 1 i £ lo H - o pu |
ynitheliggtartzTraterar sattsteste—speciicanon—oradte

4.2.12
The etch

a) Etch

The (¢
back

b) Positi

The s
the X

urface to
wafer.

arallel to

4.213 Bevel
The bevgl shall be as agrg

4.2.14 [Lurie tempera

NOTE Only applie/L
Alternatively, the lattise €ons

LN: centne value

lier.

LT: centre value

4.2.15
4

NOTE Alt )
LT: 0,51538 hm>x0,00002 nm for a —axis

5 Sampling

A statistically significant sampling plan shall be agreed upon by user and supplier. Sampled
wafers must be randomly selected and representative of the production population, and must
satisfy the quality assurance criteria using the prescribed test methods.

5.1 Sampling

Unless otherwise specified, sampling shall be in accordance with AQL 2,5 %, single sampling
as defined in IEC 60410. The specified AQL applies to the listed groups of defects considered
collectively.
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5.2 Sampling frequency

Appropriate statistical methods shall be applied to determine adequate sample size and
acceptance criteria for the considered lot size. In the absence of more detailed statistical
analysis, the following sampling plan can be employed:

a) Dimensions

Diameter 2 wafers/manufacturing lot
Thickness 2 wafers/manufacturing lot
Length of OF 2 wafers/manufacturing lot
b) Surface orientation 2 wafers/manufacturing lot
c) Orientation of OF 2 wafers/manufacturing lot TN
d) Backsurface finishing 2 wafers/manufacturing lot
e) TV5 2 wafers/manufacturing lot
f) Warp 2 wafers/manufacturing lot
g) TTV 2 wafers/manufacturing lot
5.3 Ingpection of whole population
The following items shall be inspected for all wafers]
a) Existgnce and position of OF and S
b) Surfafe finish
c) Wafef defects
d) Inclugions
e) Beveling
6 Tesfmethods
6.1 DlameterQ
Measure lipers of
sufficient
6.2 Thickhess
Thickne§ e of\the wafer as measured by a sufficiently accurate (typically 1 um)
thickness accordance with ASTM test method F533.
6.3 Dimension of OF

Measurement of the OF length as a straight cut line of the intersection with the circle using
callipers of sufficient accuracy.

6.4 Orientation of OF

Deviation of the geometrical orientation flat from the reference orientation of the lattice plane
as measured with an X-ray diffractometer. The method is explained in detail in 10.4 and
Figure 10.

6.5 TV5

TV5 is measured at the centre and at the four points located 6 mm from the edge of the wafer

using callipers of sufficient accuracy (typically 1 um) in accordance with ASTM test method
F533.
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6.6 Warp

Warp and other flatness parameters are measured using optical flatness equipment.

6.7 TTV

TTV is measured on clamped wafers using optical flatness equipment.

6.8 Front surface defects

Surface defects on the wafer shall be inspected using the method explained in Clause 11.

6.9 Inclusions N
Inspectiojn for inclusions shall be performed using light reflected Ied wafer
surface. |Inspection should be carried out in a clean environme igh Natensity

optically condensed light against a dark background to prevent j
reflections.

iffdse light

6.10 Back surface roughness
Surface foughness may be measured by either th s method. The| average
roughnegs (R,) values listed in Table 2 were detenmi grofilometry. Measured

values fgr a given wafer generally dej s.radius, samplingl interval,
optical parameters).

6.11 Ornientation

Crystallographic orientatio

6.12 Cyrie temperatiie
The Curig tempe
dielectricmeasu

6.13 Lalttice cons

metric or

The crys{

7 ldenitifi

71 P

Wafers must be packaged so as to avoid contamination or damage during shipping or storage.
Special packaging requirements shall be subject to agreement between the user and supplier.

7.2 Labelling and identification

All wafer containers must include labels with the following information:

W)

supplier’s name or trade mark;

(=)

material type;

Qo O

)

)

) wafer orientation;

) manufacturing lot number;
)

)

quantity.
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7.3 Delivery condition

Additional documentation or shipping requirements are to be negotiated between each user
and supplier.

8 Measurement of Curie temperature

8.1 General

Curie temperature (7,) determinations are performed on single crystal lithium tantalate (LT)
and lithium niobate (LN). Both the DTA (differential thermal analysis) and dielectric constant
methods used to determine T are destructive tests. Measurements on the e sample using
each of { itions and
equipment. Customers using wafers from several suppliers nee pe that a
correlatign of results is required before comparing reported values.

8.2 DTA method

The DTA (differential thermal analysis) method is based/on™the ek |l othermic
reaction pbserved when a single crystal transitions fro e iC\o pa raelectric states.
Typically| the sample and a reference material are i i ven (see
Figure 6) and heated at a constant rate, while recofding} i between

the materials. Alumina (a- AI203) is often ugex 3 ing DTA
experimgnts on LN or LT. Heat is rele S ough the
phase transition temperature, and the\tem : erence is
recorded| The Curie temperature T is i 3 perature at which the temperature
difference arises.

efexence\ Sample Temperature
Q control unit
Th ocquple _ \(
A

Heater

i <D T X-Y
Recorder

AT

DC amplifier

IEC 764/05

Figure 6 — Schematic of a DTA system

8.3 Dielectric constant method

The dielectric constant method relies upon observing the dielectric constant along the polar
Z-axis of a ferroelectric crystal. The dielectric constant maximum is found to occur at the
phase transition temperature. Since the dielectric constant, and thus the capacitance, for a
given sample are a function of temperature only, the heating or cooling rates can be chosen
to be small enough so as to minimize thermal hysteresis. In the following illustration (Figure 7),
the electrode of Pt or Ag-Pd is placed on the sample so that the electric field runs along the
polar Z axis. While scanning the temperature across the phase transition, the capacitance of
the sample is measured by the LCR-meter. The temperature at which the peak capacitance is
observed corresponds to the Curie temperature 7.
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L-C-R Meter
C
X-Y
Recorder
Guard T
oltage
Input v Input —
| |
Nickel : | Resistance
rod I furnace
Nickel i
tubing | I /TN
| |
| |
| |
| |

/ K Thermocouple
Ketos \Sample

spring
steel

765/05

As the dhemical composti SLYS so do the SAW velocities and lattice
constants. In order to control the v i NMithin one part per ten thousand (1074), the
lattice constants mus{ e ithim10-% The measurement method in thrn must

achieve part per milliof

X-ray diffraction ii g » ¢ constants. The method is based on Bragd’s law as
follows:

where d [ i 6 the Bragg angle, A the X-ray wavelength and » thje integer
diffractio]

If Ais given,d
yields

tice constants are determined by measuring 8. A sensitivity] analysis

Ad—d =-cot@xN\b

where A8 must be measured correctly to within an arc second in order to measure Ad/d on a
scale of 106 to 10~7. In 1960, Dr. Bond developed a method to measure the value of the
lattice constants precisely.

In the Bond method, two measurements are made, (i.e. the ‘plus-side’ and ‘minus-side’),
located symmetrically around the same lattice face. The values @y and w, from the peaks of
rocking curve are determined as Figure 8 shows and &is calculated as:

6’=%(180°-|a4—w2|)
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This method eliminates off-centre error plus absorption and zero error are theoretically
eliminated as well. Note that temperature, refraction, divergence and Lorentz-polarization

corrections should be taken into account.

For the case of LiTaO3, the Miller index (33,0) was evaluated by the Bond method. The a-axis
lattice constant is calculated as follows:

a = 6d33‘0

After applying various corrections, the lattice constant of LiTaO5 is determined to an accuracy

of 10-6 to

10-7.
180° — 20 AN

Detector

Collimator

101 MJ
If the dist

IEC 766/05

iffraction

order is bllows:
2d sin@ =nA
4

The X-ra of a collimated beam and an optional reflecting crystal pldte. An X-
ray dete¢ ed at an angle relative to the source. As the crystal is rotated, the
detector will’regist signal maxima at the Bragg angle, and the goniometer will indicate the
angle a betweenthe—ct yota: ptate-strface—and-the ulyata: tattice—ptanes—as—tHustrated below in

Figure 9.
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X-ray detector (G)
—

Ratemeter
(M)

Slit (S)

Diffracted X-ray

X-ray source (T) \/ \
/1,
Incident X-ray

26

i Lattice plane

Figure 9 — Measurement methogd

~

Lattice planes

R
SRR .

IEC  768/05

Quartz plate

e

oY

10.2 Meas

Before measuring

face angle of the sample under test, the goniometer may ne

767/05

ed to be

calibrated Uysing-a reference eampln_ The face ongln deviations-of the eampln unde

[ test are

then calculated based on comparison of the diffraction data obtained from the sample with

data from the reference crystal.

10.3 Measuring surface orientation of wafer

The angles should be measured in two directions as follows:

e parallel to the OF: a (positive direction as shown in Figure 10 when looking at the OF);

« perpendicular to the OF: S (positive direction as shown in Figure 10).

10.4 Measuring OF flat orientation

The angle yshould be measured (positive direction as shown in Figure 10).
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10.5 Typical wafer orientations and reference planes

Table 3 — Crystal planes to determine surface and OF orientations

Materials Wafer description | Reference for Face Cutting face OF reference OF face
cutting face (a) (B) face (y)
LN 1280 Y-X (0 -1 . 4) hex 0 0 (2 1. 0) hex 0
LN Y-Z (0 3. 0) hex 0 0 (00 . 6) hex 0
LN 640 Y-X (0 1. 8) hex +4° 46’ 0 (2 -1.0) hex 0
LT X-1120Y (2 1. 0) hex 0 (01.2)hex | -79° 16’
LT X-1120Y (2 -1.0) hex 0 (0-1.10)hex | —-5°02’
LT X-1120Y (2 -1.0) hex 0 (00.6)hex | -22°12
LT 369 Y-X (O T - 2Z)yhex =3° 04 ) (,(—I - ONGex 0
LT 420 Y-X (0 1.2) hex —9° 05’ 0 ( 2-1~Q)ne 0
LBO 450 X-Z (11 0) tetra 0 o (0 0N Blra 0
Quartz ST-X (0 1.1) hex +4° 32" 0 N2 340 0Nex| 0
LGS yxIt/48,5°/26,6° (01.1) hex _50 45 & N\ M1 0Q) hex || -26° 367

N

11 Visual inspections

11.1 Frpnt surface inspection method

reliable SAW tramsducers.
¢ following defects:

A mirror| polished wafer surface is
Routine Wafer inspection should include

— scrat¢hes
— chips
— crackp
— contamination
— dimpl

Visual in

a) quantitative

(=}

qualit

O

)
) visua
)

o

repre

Inspectio
inspection\based on

st clearly indicate whether the product has passed or fpiled the
e established acceptance criteria.

Wafers are typically sampled using the unaided eye, with a high intensity white light lamp
providing illumination. Select wafers may also be examined under a microscope to better
characterize small defects. Depending on the circumstances, different microscopy methods
may be used (e.g. brightfield, darkfield, Nomarsky). Unaided visual inspection is carried out in
a clean environment, with the wafer suspended over a dark surface. The inspection area
should be darkened so as to prevent stray ambient light from interfering with the inspector’s
ability to clearly see the surface.

In order to avoid bias and accurately gauge the number of defects present in a given sample
population, wafers to be inspected should be chosen at random and, in the case of a
production stream, with consistent sampling frequency. Variables such as the wafer surface
area to be inspected, or details of the inspection light source (e.g. intensity, type or
illumination angle) must be negotiated between the user and supplier. Quantitative defect
criteria should be used when practicable.
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Annex A
(normative)

Expression using Euler angle description
for piezoelectric single crystals

A.1  Wafer orientation using Euler angle description

Material tensor properties of piezoelectric single crystals such as piezoelectric constants (d44),

elastic constants (c44). and dielectric constants (£44) are generally descriped~in a rectangular
coordinate system (X, Y, Z) related to the crystal axes. Wafer cuts AW device
fabricatign generally use rotated cuts. The Euler angle description gi cribe the
crystallographic orientation of the wafer surface normal and the orie 5\ which
typically poincides with SAW wave propagation.

Figure A.1 shows the three rotations and their resp form the
crystallographic axes (X, Y, Z) to the wafer coordinate sy in Figure
A.2. The|SAW wave propagation direction typically i . Fhe surfage normal
points in|the x5 direction. The top surface (with +x4 polished slirface on
which the electrode patterning is done. x, is de 'e b ] i rthogonal, right-handed
coordinafe system with the other two vg i angle rotations, start with
a crystallhaving axes (X, Y, Z). The { by~the angle ¢ in the|direction
indicated| in Figure A.1. The values of ¢ ° 30°. This rotation maps the old
X-axis onto x,o;. The next rotation is aro iS N defined axis x,,; by the angle 6. This
angle is festricted to values ranging frg ~heyotation maps the Z-axis onfto x3, the
wafer su i angle (. The range for this angle can
range from 0° to 360° the direction that coincides|with the
orientatign flat. Using ithi S given here provides a way to completely
describe |any wafer origntafiom g pecify which wafer side is to be polished. In
lithium nipobate f i gr and wet etching in hydrofluoric acid wjll have a
different |rate on@ € i nde ofthe wafer. The angles (0°, 90° 90°) degignate a
wafer with the -Y Tage poli A > t on the +Z end of the wafer. The angles (180°, 90°,
90°) des% 3 € polished and the flat also at the +Z end of the wafer.
While th do not depend on which face of the wafer is [polished,
other chg wroelectric charging or etching often do and thus it is [mportant
to specify

4
Z X9
2

*3

IEC 769/05

Figure A.1 — Definition of Euler angles to rotate coordinate system (X,Y,Z)

onto (X1, X9, X3)
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Table A.

Table A.1 — Selected SAW substrate orient(ai ns\and.co

lists typical SAW substrate orientations and Eul&
are shown in Figure A.3.

Figure A.2 — SAW wafer coordinate

X1
I -
»
Polished wafer
surface
IEE_ 770/0

espon

e subs

ding Euler a

rate cuts

ngles

AbbreviEted Cut angle Qp\i@onQ \U emical formula and Buler angle
term
128° Y-X 127,8° rotated Y cut X SA pagation LiNbO4
LN Lithium niobate substrateﬁ \ \ (0°, 37,8°, 0°)
Y-Z Y cut Z SAW propagatio \\\> LiNbO,
LN Lithiuny\mz;:\ )\> (180°, 90°, 90°)
64° YiX 64° rotate SAW prepag LiNbO4
LN L|th &mm (180°, 26°, 180°)
X-1127 Y otated ¥ SAW p pagatlon LiTaO4
LT tantalate ubstrat (90°, 90°, 112,2°)
36° YiX ° rotated Y ¢ Wpropagation LiTaO4
LT <\ \\\Q\h&e bstrate (180°, 54°, 180°)
42° X otate Y cut X SAW propagation LiTaO4
LT \ith m alate substrate (180°, 48°, 180°)
45° Xt-Z ted X cut Z SAW propagation Li,B407
LBQ Lithium tetraborate substrate (45°,90°, 90°)
ST-X ST cut X SAW propagation SiO, (a-Quartz)
a- Quartz a-quartz crystal (0°, 132,75°, 0°)
yxIt/48,5°/26,6° 48,5° rotated Y cut 26,6° rotated X SAW propagation Laz;GasSiOq,
LGS Lanthanum gallium silicate substrate (0°, 138,5°, 26,6°)
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X3
x2
£ +z
4 +Y
VA . #37,8° X1 (=X) x1(=+2Z)
a) 128° Y-X LiNbO3 b) Y-Z LiNbO3
(0°, 37,8°, 0°) (180°, 90°, 90°)
X3 x3 (=+X)
+Y (/\
N

¢) 64° Y-X LiNbO3
(180°, 26°, 180°)

X3

+Y
A

f) 42° Y-X LiTaO3
(180°, 48°, 180°)

h) ST-X a-Quartz
(0°, 132,75°, 0°)

i) yxIt/48,5°/26,6° La3GasSiOq4
(0°, 138,5°, 26,6°) IEC 771/05

Figure A.3 — Relationship between the crystal axes, Euler angles,
and SAW orientation for some wafer orientations
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Annex B
(informative)

Manufacturing process for SAW wafers

B.1 Crystal growth methods

B.1.1 Czochralski growth method

A single crystal boule is grown by dipping a seed crystal into a melt contained within a

crucible. The seed and/or the crucible is rotated while slowly pulling the/see\d upward, thus

draWing botte—from—the—mett—as—tt—coots—and——sotidifres— his tcuhll;qu is ||o§;;.1 after the
[0

Polish sdientist Jan Czochralski who first used it in 1916 to grow single sta f metals.
Industrial volume production using this method started with germanium and-s g)n (Si).

The first crystals of LN and LT were manufactured in 1965 at Bell Le bpated in
the former Soviet Union.

While hejating can be applied either by r.f. induction or gesistive Reati and LGS
single crystals are generally grown using r.f. induction h ng. Figurs By sk simplified
sketch offan apparatus using r.f. heating.

The starfing material is typically prepar (S L (Ta,Op)
with a LifNb (Li/Ta) mole ratio betw ed/and calcinated affer press
forming. [The resulting polycrystalline\cera tible and
melted by heating the crucible.

For LGS, initial starting y Si0, in
stoichiometric proportions is pressed into pellets and annealed at temperatures

higher thian 1 200 °C far aMew . esulta
way as for LN or LT.

polycrystalline LGS is used in the same

The end [of a seead g
make cohtact with
pattern i

Bwithh\the “desifed crystal orientation is carefully loweréed to just
is' seed crystal is rotated to induce a controlled convection
ate is initiated that withdraws the seed (and growing

crystal) ff pérature needs to be carefully controlled near the melting
point of that the growing crystal displays the desired necking (narfowing of
diameter eYduring the early stages of growth.

<

Load cell

PuIIing *@ Rotation

R.F.

R.F.coil
generator

DAXND NN
YT Y

L\ e~

IEC 772/05

Figure B.1 — Czochralski crystal growth method
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Once a proper neck is formed, the melt is next gradually cooled until a shoulder is formed and
constant crystal growth diameter is achieved. The weight of the growing crystal is tracked with
a load cell as shown in Figure B.1, and the present diameter is inferred from the time-
derivative of that signal. The automatic diameter control (ADC) electronics adjusts the r.f.
power dynamically in order to maintain the proper diameter. When the desired crystal length
has been achieved, the crystal is quickly pulled from the melt to stop growth and carefully
cooled to room temperature.

B.1.1.1 Domain structure

LN and LT are ferroelectric crystals and exist in the non-polar paraelectric phase when grown.
As they are cooled below the transition temperature, the Curie temperature, the structure
changes from the ferroelectric phase to the paraelectric phase apd~a spontaneous
polarization develops along the Z-axis. When this happens during cool- r grpwth, the
crystal typically forms many different regions, called domains, wi :)Iar|ty in
neighbouring domains. This multi-domain structure is undesirable, g i crystal
is obtaing¢d by applying an external d.c. voltage while the crystal cogls\throug sition.
This operation is termed “poling”.

Because|the spontaneous polarization aligns along the Z- i
forming an electrode pair on the faces perpendicular ating
the Curig temperature, and then cooling down the ing a d.c. voltage. To
remove ﬂhermal stress from LN and LT grown b ethod, an annealing
process i = below the melting point. For LT,

poling i§ done by
p crystals above

the anne al is then cooled| down to
room ten aste. Then, the temperature is
raised to ystal length is applied| and the
crystal i ure of about 600 °C. As the Curie

temperat iti ary\to.€onduct both the annealing|(at about
1 200 °C) and poling pro i

B.1.1.2 Compositio

Crystals do not @/ i uents in stoichiometric elemental ratio$ as their
formulae|suggest, i allize within a compositional solid solution range. For
such a material, the i C Y’growing crystal is determined by the comppsition of
the melt, sition/of the solidified single crystal changes during growth.

Some materi ' a certain composition, referred to as “congruent composition”,
where thie sglid and\ the/melt gre i i ilibrium. If absent, any cgnstituent
voIatiIity i - a melt of congruent composition will produce a unifofm single

Crystals |of uniforg position can be grown from melts with Li/Nb mole ratio (LiTa mole
ratio) in the‘range from 0,93 to 0,95 in the case of LN (LT). When an LN (LT) crystallis grown
from a composition different from the ideal composition, 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 devices also changes with the change of the
composition. Figure B.2 shows some examples of LN growths. Consider for example case
No. 4 where the starting composition was Li rich. As the growing crystal rejects some of the
excess Li, the remaining melt Li/Nb ratio increases, and the crystal incorporates more Li as
the growth proceeds. Consequently, the wave velocity quickens along the growth axis as the
Li/Nb ratio increases. Only for crystals grown from the ideal composition will the wave velocity
stay the same along the crystal axis. This ideal composition may slightly deviate from the
congruent compositions depending on crystallization speed, volatilization etc. For the growth
configuration considered here, the ideal composition is shown for case No. 2. Because of high
volatility of Ga,O5 during LGS growth, these crystals tend to show some compositional non-
uniformity, and growing crystals with good uniformity remains a challenge.
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