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Competence in Piezoceramic Engineering

Piezoceramic devices are used to convert
mechanical features such as pressure or
acceleration into woltages, of conversely, 1o
conwert a voltage into mechanical motion
or oscillation. Piezoceramics are used in
many types of electromechanical transducers
cperating in & wide range of frequencies. In
sensors, they enable forces, pressures and
accelerations to be converted into electrica
signals, In sound generators and ultrasonic
devices such as transducers they produce
oacillations or deformation in response 1o
valtage input.

In automotiég BNgenseqing, pEosensons
are used for oocupant safety and intelligent
engene control solubons, As gas gniting
devices in heaters and lighters, piezoceramic
companents have become weall known, high
vilurme product. In ultrasonic systems, piezo-
ceramic devices generate poweriul ultrasonic
wiaves used for cleaning, drilling and welbding,
as well as to stimulate chemical processes.
They act as transmitters and receivers in many
signal and information processing systems.
Other important applications of peezoceramic
devices inClude wltrasonic locating and dis-
tance measuring  syitems, nondestructive
materials testing, and medical diagnostic
equipment.

The function of piezoceramic actuators is
based on the material's ability to produce
deformation in the micrometer range, This
behawvior opens new applications for electro-
mechanical transducers in hydraulic and
pneumatic valees, positioning systems, micng-
manipulators, and flowmeter systems for
liguid and gaseous fluids,

Given this great diversity of applications,
usars are generally advised to work closely
with CeramTec's experts from the product
development stage. An experienced staff
i available to answer your questions. In
dialogue with the customer we can help to
specify application conditions, reguirement
criteria and design prerequisites, and to de-
velop high quality cost-eftective solutions.
Advanced manufaciuring technigues enable
CeramTec to produce high guality piezo-
ceramic devices including in very large vol-
umes. Cur company-wide guality manage-
rrent system assures that our products and
services will satisfy the customer's expecta-

ans.




Piezoceramic devices are subjected to high
Ipads yet expected to perform with stromg
reliability. CeramTec has addressed this need
by developing a range of special high-perfarm-
ance materials suitable for  piezoslectnic
engingering. With their diverse characteristics
and application features, our SOMNOX® material
range has earmed an excellent reputation in
the warld of sensors, actwators, and trans-
ducers.

High Performance Piezoceramic Materials

Material categories

Piezoceramic matenals are classified ac-
cording to their chemécal composition on the
o hand and according 1o specific application
conditions on the other. Selection criteria
include typical performance parameters as
weell as specific material behavior under high
electrical and mechanical koads.

A basic distinction is made Detween hwo
material categories:

Group I: SONCK® P4, SONOX® P8,
SONDX® PBS

These materials are capable of handling
high control woltages and high mechanical
pressure loads. Main features include the
frllowing:

# |oww dielectnic losses

= diglectric constants betwesn 1000 and

1400

» high Q factor {between 500 and 2000)

# high Curie lemperatures

* high coercive field strength

These materials are particularly suitable for
high-power ultrasonic applications covering
frequencies from 20 kHz to Mhz-ranges.

Group l: SONOX® PS, SONOX® P51,
SONOX* P52, SONOX® P53
These matenals are characterized by
# digectric comstants between 1000 and
4000
# high piezoelectric activity
(033 = 400% 107 CM)
= low O factors (= 100)
Group Il materials are used in a wide range
of sensors and actuators.



High Performance Ceramics for
Engineered Products

Basic oscillation modes of piezoelectric
resonators

The piezoelectric material specifications
depicted in the following data tables are
expressed in terms of specific parameters. The
values of these pararmeters are determined
under small-signal conditions using standard
test specirmens, and are subject o vanation
with time and temperature. Measurements
are therefore commanly conducted between
20 C and 25% C at 24 hours after polarization,
To facilitate the interpretation of the data, the
ilhstration on the right offers an overdew of
the geometrical boundary conditions wsed in
testing for the vanous oscillation modes,

mmr‘“m %
Thick ode
illaticr

o
mng-tuduI ascillation
P~

Shear cacillation

JHEN—

sl = Polarization di
- = Ceflection direction




Properties of CeramTec-Piezoceramics

Material Sonox® | Sonox @ | Sonox E | SonoxE | Sonox® | Sonox ® | Sonox B | SonoxE
P4 Pb Pg Pgg PS5 P502 P51 P53
Dielect Properties
Dialectic constant Ea3 "By 1300 B50 1000 1250 1850 1850 2100 2800
B SJE'D B0 4an 501 630 265 875 1265 1265
= TJE'D 1535 440 1260 1320 1240 1050 2050 2580
g oo5 250 200 7EQ 1220 1260 1200 1670
1178
Dielectic 3
3 | z | 20 125 16 16
dizzipation factar tan@ (
Curie temperature T C 325 240 205 =220 240 235 200 215
Electromechanical Properties
Frequency constants kHz.mm
N 2210 2540 a0 2200 2050 2020 2000 1960
My 2000 2085 2020 2050 1900 2050 1930 15585
Ny 1480 1670 1600 14a0 1380 1325 1430 1420
N 1340 1560 1480 1280 13240 1250 1280 1440
Coupling coefficients kp 57 35 55 =1 A2 F2 &7 (=13
by 21 21 a0 24 24 a3 20 el
b Ea 4a Ea 70 73 . 75 74
by Al a8 45 A6 4 45 51 51
ks B5 A6 = 65 7z 74 FE i
Charge 10'12 C/H
coefficients d
33 310 135 240 325 450 440 i<l G20
da 130 55 05 -135 120 -85 260 275
d g 455 220 205 E501 S0 730 770
Waltage coefficients B 0% Wil 2648 215 271 280 275 255 20.0 19.0
2as Cime 15.2 10.0 13.5 13.9 16.5 16.7 0.8 238
Mechanical properties
1012
Elastic compliance =14 1440 116 11.4 143 17 1 155 15 158
o R 13.7 13.7 10.5 10.0 0.7 105 220
1010 by
Elemirs fafeliy ©a3 15.0 6.1 16.2 16 .2 14.5 157 15.0 16.2
G 4.8 55 5.0 6.5 .2 .1
Density T oo10¥ kgimd 7 65 770 770 7 a3 7 65 774 7oz 7 a3
Mechanical
Q s00 1400 1000 1600 an a0 100 75
quality factor m
Stability
T t ficients® Tl
eMmpelature coettieien 5.0 2.4 26 2.0 A8 5.2 4.z .0
range:20..80°C .;-_'k
YWidecade
Py netizs ZE 3.4 05 -8 1. 20 0.5 20 0.5
f 1.1 0.z 1.0 0.4 0.40 0.15 1.1 0.z
%) Az .z 22 1.0 0.0 0.20 05 1.0




Resonance Frequency Variation over
Temperature




Capacitance Variation over
Temperature




Proven Manufacturing Expertise
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Shapes

Discs and rings

Cylindears

Rectangular bodies

Hemsphwra

Stacks

*Guideling values only, Faris with larger or smaller dimensions may ba

produced.

fming methods used m the manu- and safely applications. & oustomer-speciic
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sqoes and methods to Berrecton Dperating ard parts
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rd specifications form the basis of 8 manu- plates, rode, rimgs, oylinders, tubes and Dob
facturir altart which meets the Sthingent wegmients, balls, and sphencal elements
guality requerements placed on automotive

Typical dimensions*

Crarmeter:

Thickness

Cviameter:

Heaight:

Length:
Width:

Hesght:

Maximum radius: appros, S0 mm

Length:
Width:

Murnber of layers: 100 - 400

5 mm - 120 mm

0.2 mm - 30 mm

5 mm - 120 mm

< 30 mm

3 mm - 176 mm
2 mm - 120 mm

0.2 mem - 20 mm

10 mm - 40 mm

2 mm = 10 mm




Glossary

Curie temperature

Termperature at which the permittiity of
ferroelectric ceramics reaches its peak, Abaone
this ternperature the ceramic material will not
exhibit piezoelectric propertes,

Dielectric constant

Ratio of the permittivity of the matenal
to the permittvity of free space (Ea).
Eo=885x 10" Fm.

Dielectric dissipation factor (tan 5)

Ratsx between power loss and reactive
power in a specimen sulbjected 1o a dne-wave
input at a frequency far bebow its first salf-reso-
nant frequency (usually measured at 1 kHz).

Free capacitance

Capacity of a piezoslecinic resonator meas-
wred a1 a level far below its kowest self-reso-
nant frequency (usually 1 kHz),

Electromechanical coupling coefficient
Factor represanting the ratio bebween the
energy cormerted and stored and the energy
absarbed by a piezoceramic part. Depending
on the boundary conditions, there are five dif-
ferent coupling factors reflecting the compo-
nent’s shape factor and osdllation maode.

Piezoelectric charge coefficient

Ratio of the electrical charge generated
per unit ared to an appled force; expressed in
Coulombviewton,

Piezoelectric voltage coefficient

Ratio of electric field produced to the
miechanical stress appled, expressed as Volt-
mieterMewton.

Mechanical quality factor O,

Amplitude magnification of oscillating
piezoelectric parts in & resonant state, Ths s
a mon-dimensional factor indicating the me-
chanical loss of the component wnder dynam-
iC oparating conditions.
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Our subsidiaries:

France

CeramTec France

Pare de la Vaucouleurs
3, rue Cellophane
F-78200 Mantes-la-Ville
Tel.: +33 1/34.77.00.77
Fax: +33 13098 08.19

CeramTec France
Qutils de Coupe S5PK
3, avenue de Taillebourg
F-75011 Pams

Tel.: 33 1/43.71.31.31
Fax: +33 1/43.71.38.18

Czech Republic

CeramTec Czech Republic s.r.o.
Zerotinova b2

€2-78701 Sumperk

Tel.: +42 DB 49721 53 58

Fax: +42 0649721 2975

Spain & Portugal

CeramTec Ibérica

Innovative Ceramic

Engineering, 5.L.

C/. Santa Marta, 23-25

E-08340 Vilassar de Mar (Barcelona)
Tel.: +34 37506560

Fax: +34 3/759 29 54

Great Britain

CeramTec UK Ltd,

Sidmouth Road

GB-Colyton, Devon EX13 BNP
Tel.: +44 12 97/55 27 07

Fax: +44 12 97/55 33 25

CeramTec UK Ltd.

Business Unit SPK Cutting Tools
Unit 16, Mercia Business Village
Torwood Close

Westwood Business Park
GE-Coventry, CV4 BHZ

Tel: +44 12 0342 15 31

Fax- +44 12 0342 15 32

USA

CeramTec North America
Innovative Ceramic
Engineering Comp.

One Technology Place
USA-Laurens, SC 29360-0089
Tel.: +1-864-682-3215

Fax: +1-864-682-1120

CeramTec North America
Electronic Applications, Inc.
171 Foroes Boulevard
Usa-Mansfield, Ma 02048-1148
Tel.: +1-508-338-1911

Fax: +1-508-3359-5099

Italy

CeramTec Italia 5.r.1.

Innovative Ceramic Engineering
Wia Trevigho, 8

I-24043 Caravaggio (BG)

Tel.; +39 3 63/35 91

Fax: +39 36373592 20

CeramTec
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Malaysia

Hoechst Ceramic

Technology (M) Sdn. Bhd.

Lot 17, Lorong Bunga Tanjung 371
Senawang Industnal Park
MAL-70400 Seremban

Megeri Sembilan

Tel: +60 &6 77 8388, 67791 06
Fax: +60 &6 77 93 B8

Korea

CeramTec Korea Lid,

Sales office;

B4-7, Chungdam-dong
Kangnam-Ku, Seaul

Tel.: +B2 (2) 510-B4 35, 510-84 36
Fa: +82 (2) 514-59 18

ranufacturing:

388-17, Sindong

Faldal-Ku

Suwion City, Korea

Tel.: +82 (331) 216-06 63, 216-06 &
Fax: +82 (331) 216-06 65

Scandinavia

CeramTec

Innovative Ceramic Engineering
Scandinavian Office

Klippan 1)

541451 Giteborg

Sweden

Tel.: +46 3112 48 00

Fax: +46 3112 4803

CeramTec Al

Innowative Ceramic Enginesnng
Piezo Applicatsans Dwison
Luitpoldstrale 15

D-31207 Lauf

Tiel,: 4% (0) 91 23/77-300
Fax: +4% (0) 91 23/77-2 34
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