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Pl Ceramic

LEADERS

PI Ceramic is one of the world’s market lead -
ers for piezoelectric actuators and sensors .PI
Ceramic provides everything related to piezo
from the material and components
integration
solutions  for

ceramics,
right through to the complete
PI Ceramic provides system
rese arch and industry in all high-tech mar-
kets including me dical engineering, mechan -
ical engineer ing and automobile manufac -
ture, or semiconductor technology

Materials Research and Development

PI Ceramic develops all its piezoceramic

materials itself .To this end PI Ceramic main -
tains its own laboratories, prototype manu -
facture as well as measurement and testing
stations .Moreover, PI Ceramic works with
leading universities and research institutions

at home and abroad in the field of piezoelec -

tricity .

Flexible Production

In addition to the broad spectrum of standard

products, the fastest possible realization of
customer-specific ~ requirements is a top pri-
ority .Our pres sing and multilayer tech nology
us to shape products with a short
lead time .We are able to manufacture
vidual prototypes as well as high-volume

enables
indi -

production runs .All processing steps are
undertaken in-house and are subject to con -
tinuous controls, a process which ensures

quality and adherence to deadlines

IN PIEZOELECTRIC TECHNOLOGY

]

|-

V.;

3 p——

Certified Quality

Since 1997, PI Ceramic has been certified
according to the ISO 9001 standard, where
the emphasis is not only on product quali -
ty but primarily on the expectations of the
customer and his satisfaction .PI Ceramic
is also certified according to the ISO 14001
(environmen tal managem ent) and OHS AS

18001 (occupational safety) standards,
which taken together, form an Integrated
Management  System (IMS) .PI Ceramic is

a subsidiary of Physik Instrumente (PI)and
develops and produces all piezo actuators for
PI’s nanopositioning  systems .The drives for
PILine " ultrasonic piezomotors and NEXLINE®
high-load stepping drives also originate from
PI Ceramic .

Core Competences
of Pl Ceramic

m Standard piezo com-
ponents for actuators,
ultrasonic and sensor
applications

m System  solutions

= Manufacturing  of piezo-
electric components of
up to several million
units per year

m Development  of
custom-engineered
solutions

m High degree of flexibi-
lity in the engineering
process, short lead
times, manufacture of
individual units and
very small quantities

m All key technologies
and state-of-the-art
equipment for ceramic
production in-house

m Certified in accordance
with ISO 9001,
ISO 14001 and OHSAS
18001

PIEZO TECHNOLOGY




Reliability and Close Contact with our Customers

Pl Ceramic provides

m Piezoceramic materials
(PZT)

m Piezoceramic
components

m Customized and appli-
cation-specific ultrasonic
transducers/transducers

m PICMA’ monolithic
multilayer piezo actuators
m Miniature piezo actuators
m PICMA’™ multilayer
bender actuators
m PICA high-load piezo
actuator
m PT Tube piezo actuators
m Preloaded actuators
with casing

m Piezocomposites —
DuraAct patch
transducers

OUR MISSION

Our aim is to maintain high, tested qual -
ity for both our standard products and for
components .We want
you, our customers, to be satisfied with the
performance of our products .At PI Ceramic,
customer service starts with an initial infor -
mative discussion and extends far beyond
the shipping of the products

custom-engineered

Advice from Piezo Specialists

You want to solve complex problems - we
won’t leave you to your own devices .We
use our years of experience in planning,
developing, designing and the production

of individual solutions to accompany you

from the initial idea to the finished product .

We take the time necessary for a detailed
understanding  of the issues and work out
a comprehensive  and optimum solution at
an early stage with either existing or new
technologies

After-Sales Service

Even after the sale has been completed,

our specialists are available to you and can
advise you on system upgrades or technical
issues .This is how we at PI Ceramic achieve

our objective: Long-lasting business rela-
tions and a trusting communication with
customers and suppliers, both of which
are more important than any short-term
success

Pl Ceramic supplies piezo-ceramic solutions
to all important high-tech markets:

m Industrial automation

m Semiconductor industry

® Medical engineering

m Mechanical and precision engineering
® Aviation and aerospace

® Automotive industry

B Telecommunications

WWW.PICERAMIC.COM
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Experience and Know-How

STATE-OF-THE-ART MANUFACTURING TECHNOLOGY

Developing and manufacturing  piezoceram -
ic components are very complex processes
PI Ceramic has many years of experience in
this field and has developed sophisticated
manufacturing  methods . Its machines and
equipment are state of the art

Rapid Prototyping

The requirements are realized quickly and
flexibly in close liaison with the customer
Prototypes and small production runs of
custom-engineered piezo components  are

available after very short processing times .

The manufacturing conditions, ie. the
composition  of the material or the sintering
temperature,  for example, are individually
adjusted to the ceramic material in order to
achieve optimum material parameters

Precision Machining Technology

PI Ceramic uses machining techniques from
the semiconductor industry to machine the
sensitive  piezoceramic  elements  with a

Automated processes optimize throughput

particularly  high degree of precision . Spe -
cial milling machines accurately shape the
components when they are still in the “green
state, 1ie .before they are sintered .Sintered
ceramic blocks are machined with precision
saws like the ones used to separate indi-
vidual wafers . Very fine holes, structured
ceramic  surfaces, even complex, three-
dimen sional contours can be produced

Automated Series Production -
Advantage for OEM Customers

An industrial application often requires large
quantities  of custom-engineered compo -
nents . At PI Ceramic, the transition to large
production runs can be achieved in a reliable
and low-cost way while maintaining the high
quality of the products .PICeramic has the ca-
pacity to produce and process medium-sized

and large production runs in linked automat -
ed lines .Automatic screen printers and the
latest PVD units are used to metallize the
ceramic parts

PIEZO TECHNOLOGY



Product Overview

IN-HOUSE DEVELOPMENT AND PRODUCTION

Piezoelectric Components

W Various different versions in many dif-
ferent geometries such as disks, plates,
tubes, customized shapes

B High resonant frequencies to 20 MHz

. OEM Adaptations
M Piezo transducers for ultrasonic
applications

B Assembly of complete transducer
components

m 2D or line arrays

DuraAct Piezo Patch Transducers

W Actuator or sensor, structural health
monitoring

B Bendable and robust, preloaded due to
lamination

Control Electronics
m Different performance classes
B OEM modules and benchtop devices

WWW.PICERAMIC.COM
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PICMA® Multilayer Piezo Actuators
W Low piezo voltage to 120V

m High stiffness

M Travel ranges to 100 um

PICA High-Load Actuators
W Travel ranges to 300 ym
H Forces to 100 kN

PICMA® Multilayer Bending Actuators
M Bidirectional displacement to 2 mm
B Low operating voltage to 60V

H Contractors, variable contours

Piezo Actuators with
Customized Equipment

M For use in a harsh environment

&

B Position and temperature monitoring

B For cryogenic temperatures U

PIEZO TECHNOLOGY




Piezoelectric Effect and Piezo Technology

® 0?2
Pb
® Ti, Zr

Fig .1.

(1) Unit cell with symmetrical,
cubic Perovskite structure,
T>T,

(2) Tetragonally distorted unit
cell, T<T,

Piezoelectric materials convert electrical ener -
gy into mechanical
The piezoelectric effect is now used in many
everyday products such as lighters, loud-
speakers and signal transducers .Piezo actua -
tor technology has also gained acceptance

technology, because piezo-
controlled injection valves in combustion

engines reduce the transition times and signi -
ficantly improve the smoothness and exhaust

gas quality

energy and vice versa

in automotive

From the Physical Effect to Industrial Use

The word “piezo“ is derived from the Greek
word for pressure .In 1880 Jacques and Pier-
re Curie discovered that pressure generates

electrical charges in a number of crystals
such as Quartz and Tourmaline; they called
this phenomenon the “piezoelectric  effect”

Late r they noticed that electrical fields can
deform piezoelectric materials .This effect is
called the “inverse piezoelectric effect .The
industrial breakthrough came with piezo-
electric ceramics, when scientists discovered

that Barium Titanate assumes piezoelectric

characteristics  on a useful scale when an
electric field is applied

Direct Piezoelectric Effect

Mechanical stresses arising as the result
of an external force that act on the piezo-
electric body induce displacements of the
electrical dipoles .This generates an elec -
tric field, which produces a corresponding

electric voltage .This direct piezoelectric

effect is also called the sensor or generator

effect .

Inverse Piezoelectric Effect

When an electric voltage is applied to an
unrestrained  piezoceramic component it

WWW.PICERAMIC.COM

Piezoelectric Ceramics ...

The piezoelectric effect of natural mono -
crystalline materials such as Quartz, Tour -
salt is relatively small .
Polycrystalline ~ ferroelectric ceramics such as
Barium Titanate (BaTiO,)and Lead Zirconate
Titanate (PZT) exhibit larger displacements

or induce larger electric voltages .PZT pie -

maline and Seignette

zo ceramic materials are available in many
modif ications and are most widely used
for actuator or sensor applications .Special
dopings of the PZT ceramics with e g .Ni, Bi,
Sb, Nb ions make it possible to specifically
optimize piezoelectric and dielectric parame -
ters .

... with Polycrystalline Structure

At temperatures below the Curie tempera -
ture, the lattice structure of the PZT crystal -
lites becomes deformed and asymmetric
This brings about the formation of dipoles
and the rhombohedral and tetragonal cry-
stallite phases which are of interest for pie -
zo technology .The ceramic exhibits spon-
taneous polarization (see Fig .1).Above the
Curie temperature the piezoceramic
loses its piezoelectric properties

material

brings about a geometric deformation .The
movement achieved is a function of the
polarity, of the voltage applied and the
direction of the polarization in the device
The ap plication of an AC voltage produ-
ces an oscillation, ie .a periodic change of
the geometry, for example the increase or
reduction of the diameter of a disk .If the
body is clamped, ie .free deformation is
constrained, a mechanical stress or force
is ge nerated .This effect is frequentl y also
called the actuator or motor effect




Ferroelectric Domain Structure

One effect of the spontaneous polarization
is that the discrete PZT crystallites become
piezoelectric .Groups of unit cells with the
same orientation are called ferroelectric

domain s .Beca use of the random distribu -
tion of the domain orientations in the cera -
mic material no macroscopic  piezoelectric

be havior is observable .Due to the ferro-
electric nature of the material, itis possible to
force per manen t reo rien tatio n and alignm ent
of the differ ent domains using a strong elec -
tric field . This process is called poling (see
Fig .2) .

Polarization of the Piezoceramics

in a remnant
with a

The poling process results
polarization

remnant expansion

P, which coincides
of the material and

V E

Fig .3 .The butterfly curve shows the typical
deformation of a ferroelectric “soft“ piezo ceramic
material when a bipolar voltage is applied

The displacement of the ceramic here is based
exclusively on solid state effects, such as the ali-
gnment of the dipoles .The motion produced
is therefore frictionless and non-wearing

which is degraded again when the mecha -
nical, thermal and electrical limit values of
(see Fig .3) .The
piezoelectric
dimensions

the material are exceeded

ceramic now exhibits pro -

perties and will change when

an electric voltage is applied .Some PZT

ceramics must be poled at an elevated tem -
perature

When the permissible operating tempe -
rature is exceeded, the polarized ceramic

depolarizes .The degree of depolarization is
depending on the Curie temperature of the
material

An electric field of sufficient strength can
reverse
4) .The link between mechanical and electri -
cal parameters is of crucial significance for
the widespread technical utilization of piezo

ceramics

_Pr
_PS

Fig .4 .An opposing electric field will only
depolarize the material if it exceeds the

coercivity strength E . A further increase in the
opposing field leads to repolarization, but in

the opposite direction

PIEZO TECHNOLOGY

the polarization direction (see Fig .
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(1) (2)
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L

I

(3)

Fig .2 .Electric dipoles in
domains:

(1) unpolarized,
ferroelectric ceramic,

(2) during and

(3) after the poling
(piezoelectric ceramic)



Electromechanics

FUNDAMENTAL EQUATIONS AND PIEZOELECTRIC COEFFICIENTS

D electric flux density,
or dielectric

displacement
T mechanical stress
E electric field
S mechanical strain
d piezoelectric charge
coefficient

€T dielectric permittivity
(for T= constant)

st elastic coefficient
(for E = constant)

(2)
3

2(Y)

Fig .5 .Orthogonal
coordinate system to
describe the properties

of a poled piezoelectric
ceramic .The polarization
vector is parallel to the

3 (Z)-axis .

10
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Polarized piezoelectric ~materials are charac -
terized by several coefficients and relation-
ships .1In simplified form, the basic relation-
ships  between  the electrical and elastic
properties can be represented as follows :

D=dT+¢€TE
S=sT+dE

These relationships apply only to small elec -
trical and mechanical amplitudes,
small signal values . Within this range the
relationships the elastic deformati -
on (S)or stress (T) components and the com -
ponents of the electric field E or the electric
flux density D are linear

so-called

between

Assignment of Axis

The directions are designated by 1, 2, and
3, corresponding to axes X, Y and Z of the
classical ~right-hand orthogonal
rotational axes are designated with 4, 5and 6
(see Fig .5) .The direction of polarization (axis
3) is established during the poling process
by a strong electrical field applied between
the two electrodes . Since the piezoelectric
material is anisotropic, the corresponding

physical quantities are described by tensors

The piezoelectric

indexed accordingly

axis set .The

coefficients  are therefore

Permittivity €

The relative permittivity, or relative dielec -
tric coefficient, € is the ratio of the absolute

permittivity of the ceramic material and the
permittivity in vacuum (€, =8 85 x 10> F/m),
where the absolute permittivity is a measu -
re of the polarizability .The dependency of
the permittivity from the orientation of the
electric field and the flux density is described

by indexes

Examples

e,/ permittivity  value

33

in the polarizati -
on direction when an electric field is
applied parallel to the direction of the
polarity (direction 3), under conditions

of constant mechanical stress (T = 0:
“free “ permittivity)
e,5 permittivity if the electric field and

dielectric ~ displacement  are in direc -

(S=0:

tion 1 at constant deformation
“clamped” permittivity)

Piezoelectric Charge or Strain Coefficient,
Piezo Modulus d,

The piezo modulus is the ratio of induced
electric  charge
achievable

applied (T = constant)

to mechanical stress or of

mechanical strain to electric field

Example

d

. mechanical strain induced per unit of

electric field applied in V/m or charge
density in C/m? per unit pressure in N/
m?2, both in polarization direction

Piezoelectric Voltage Coefficient g,

The piezoelectric ~ voltage  coefficient g is
the ratio of electric field E to the effective
mechanical ~ stress T. Dividing the respec-
tive piezoelectric  charge coefficient d by
the corresponding gives  the
corresponding g, coefficient

permittivity

Example

g,  describes the electric field induced in
direction 3 per unit of mechanical stress
acting in direction 1 .Stress = force per
unit area, not necessarily orthogonal




Elastic Compliance s,

The elastic compliance coefficient s is the
ratio of the relative deformation S to the
mechanical ~ stress T.Mechanical and elec -
trical energy are mutually dependent, the
electrical ~ boundary  conditions  such as
the electric flux density D and field E must
therefore be taken into consideration

Examples

s, F  the ratio of the mechanical strain in
direction 3 to the mechanical stress
in the direction 3, at constant electric
field (for E = 0: short circuit)

s,P  the ratio of a shear strain to the
effective ~ shear stress at constant
dielectric displacement  (for D = 0: open
electrodes)

The often wused elasticity or Young s mo -
dulus Y, corresponds in a first approximati -
on to the reciprocal value of the correspon -
ding elasticity coefficient

Frequency Coefficient NV,

The frequency coefficient N describes
the relationship between the geometrical
dimension A of a body and the corresponding
(series) resonance frequency . The indices
designate  the corresponding  direction of
oscillation N=fA.

Examples

N, describes the frequency coefficient

for the longitudinal oscillation of a
slim rod polarized in the longitudinal
direction

N, is the frequency coefficient for the
transverse  oscillation of a slim rod
polarized in the 3-direction

N, is the frequency coefficient of the
thick ness shear oscillation of a thin
disk .

PIEZO TECHNOLOGY

N, is the frequency coefficient of the
planar oscillation of a round disk

N, is the frequency coefficient of the
thickness oscillation of a thin disk
polarized in the thickness direction

Mechanical Quality Factor Q

The mechanical quality factor Q, character-
izes the “sharpness  of the resonance“  of
a piezoelectric  body or resonator and is
primarily determined from the 3 dB band -
width of the series resonance of the system
which is able to oscillate (see Fig .7 typical
impedance  curve) . The reciprocal  value
of the mechanical quality factor is the
mechanical loss factor, the ratio of effecti -
ve resistance to reactance in the equivalent
circuit diagram of a piezoelectric resonator at
resonancem (Fig ~ .6) .

Coupling Factors k

The coupling factor Kk is a measure of how
the magnitude of the piezoelectric effect is
(n o t an efficiency factor!) .It describes the
ability of a piezoelectric ~material to convert
electrical energy into mechanical energy and
vice versa . The coupling factor is determi -
ned by the square root of the ratio of stored
mechanical energy to the total energy ab-
sorbed . At resonance, Kk is a function of the
corresponding  form of oscillation of the
piezoelectric  body .

Examples

k,  the coupling factor for the longitudinal
oscillation

the coupling factor for the transverse

oscillation

k, the coupling factor for the planar radial
oscillation of a round disk

k, the coupling factor for the thickness

oscillation of a plate

k the coupling factor for the thickness
shear oscillation of a plate

11



Dynamic Behavior

OSCILLATION MODES OF PIEZOCERAMIC ELEMENTS

The electromechanical ~ behavior of a piezo -
| electric element excited to oscillations can
be represented by an electrical equivalent
circuit diagram (s .Fig .6).C, is the capaci -

l ©
! tance of the dielectric .The series circuit, con -
sisting of C, L, and R, describes the change
L1
R1

in the mechanical properties, such as elastic
deformation,  effective mass (inertia) and
mechanical losses resulting from internal
friction . This description of the oscillatory
circuit can only be used for frequencies
in the vicinity of the mechanical intrinsic
resonance

Impedance Z

Frequency f

Fig .7 .Typical impedance curve

Most piezoelectric  material parameters are
Fig .6 .Equivalent circuit diagram P . P
of a piezoelectric resonator determined by means of impedance mea-
surements on special test bodies according

to the European Standard EN 50324-2 at

resonance
Oscillations

Mechanical Series resonance
deformation frequency

o radial f.= FNDL
- 3 v
Thin disk 2 TH .' Tu P OD>>TH
1 t . N,
O thickness f.=

Tube

b N
Plate I3 2 4. U P LssWssTH transverse f.= -
1 TH
t W
THx
3
Rod 1 2 L U P L>>W>>TH longitudinal fs I\LI
Land
w
1
Shear plate 5 9 %E‘ ./V'V IU L=W>>TH thickness shear ﬁ VAS ?NH“-
L
R e—
P
TH
—>|
oD transversal @ fm N

1 P
L’B L>>0D>>TH
2 L} U thickness
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Figure 7 illustrates a typical impedance cur-
ve .The series and parallel resonances, f and

fp, are used to determine

the piezoelectric

parameters .These correspond
proximation to the impedance

to a good ap -
minimum f,

and maximum f .
Oscillation States of Piezoelectric
Components

Oscillation  states or modes and the de-
formation are decided by the geometry of the
element, mechano-elastic ~ properties and

the orientations

of the electric field and the

polarization . Coefficients

see p .10, speci -

fic values see p .18 .dimensions see p.27.

The equations
imation values

Electrically
induced

displacement
(small signal)

A0D = 2.0D y
TH

ATH=d U

AL=dul y
TH

AL =d,U

AL =d,U

AL=dL y
TH

ATH=d U

PIEZO TECHNOLOGY

are used to calculate approx -

Mechanically
induced
voltage

(small signal)

__49.TH
U=-"6p

alggpnons
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Material Properties and Classification

PI Ceramic provides a wide selection of
piezoelectric  ceramic materials based on
modified Lead Zirconate Titanate (PZT) and
. The material
to the

properties
EN 50324

Barium Titanate
are classified
European Standard

according

In addition to the standard types described
here in detail, a large number of modifica-
tions are available which have been adapted
to a variety of applications

Internationally, the convention is to divide
piezo ceramics into two groups .The terms
“soft“ and “hard® PZT ceramics refer to
the mobility of the dipoles and
hence also to the polarization

or domains
and depolar-
ization behavior

“Soft” Piezo Ceramics

Characteristic ~ features are a comparably
high domain mobility and resulting “soft
ferroelectric®  behavior, ie .it is relatively
easy to polarize . The advantages of the
“soft“ PZT mat erials are their large piezo -
electric coefficient, per -

charge moderate

mittivities and high coupling factors

of application for “soft“
piezo ceramics are actuators for micro -
positioning and nanopositioning,  sensors
such as conventional vibration pickups,
transmitters and receivers for
flow or level measurement, for example,
object identification or monitoring as well
as electro-acoustic applications as sound
through

Important fields

ultrasonic

transducers
to their use as sound pickups on musical
instruments

and microphones,

“Hard” Piezo Ceramics
“Hard*“
high

Their properties

PZT materials can be subjected to
electrical and mechanical  stresses
change only little under the -
se conditions and this makes them particu -
larly ideal for high-power applications .The
advantages  of these PZT materials are the
moderate  permittivity, large piezo electric
coupling factors, high qualities and very
good stability under high mechanical
and operating fields . Low dielectric
facilitate their continuous use in resonance
mode with only low intrinsic warming of
the component These  piezo elements
in ultrasonic cleaning (typically
kHz frequency range), for example, the
machining of materials (ultrasonic welding,
bonding, drilling, etc ), for ultra sonic pro -
cessors (e g .to disperse liquid media), in
the medical field (ultrasonic tartar removal,
etc ) and also in sonar

loads
losses

are used

surgical instruments
technology

WWW.PICERAMIC.COM



Lead-Free Materials
Piezoelectric  ceramics, which nowadays

are based mainly on Lead Zirconate-Lead

Titanate compounds, are subject to an ex-
emption from the EU directive to reduce
(RoHS) and can there -
fore be used without hesitation .PICeramic is
nevertheless aiming to provide high-per for-
mance lead-free piezoceramic materials and
thus provide materials with a guaranteed

future .PI Ceramic is currently inves tigating
technologies to reliably
lead-free components
pro duc tion .

hazardous substances

manufacture

ceramic in series

First Steps Towards Industrial Use
with PIC700

The PIC700 material, which is currently in
laboratory production, is the first lead-free
piezo ceramic material being offered on

Crystalline Piezo Material for Actuators

Lead-Free and with High Linearity

Piezoceramic  actuators  exhibit nonlinear
displacement  behavior: The voltage applied
is thus not a repeatable measure for the

position reached . Sensors must therefore
be used in applications where the position
is relevant .The crystalline PIC050 material,
in contrast, has a linearity which is signi
ficantly improved by a factor of 10 so that a
position sensor is not necessary

PIC050 is used for actuators and nanoposi -
tioning systems with the tradename Picoac -
tuator * . They have the high stiffness and
dynamics of actuators made of PZT material
but their displacement
up to +/-3 um results with a maximum pro -
file of 20 mm

is limited: Travel of

Picoactuator® in Nanopositioning

In precision positioning technology , Physik
Instrumente  (PI) uses these actuators precis -
ely where this small displacement with high
dynamics and accuracy is required . The
high linearity means that they can operate
without position control which otherwi -
se sets an upper limit for the dynamics of
the system as a result of the limited control
bandwidth

PIEZO TECHNOLOGY

the market by PI Ceramic .PIC700 is based

on Bismuth Sodium Titanate (BNT) and

has very similar characteristics to Barium

Titanate materials . PIC700 is suitable for A

in the MHz range as S—
well as sonar and hydrophone applications '

ultrasonic transducers

Typical dimensions of cur-

rent PIC 700 components

are diameters of 10 mm and
of thicknesses of 0  5mm .

Characteristics of the Lead-Free
Piezo Ceramic Material

The maximum operating temperature
the BNT-based ceramic is around 200 °C.
The permittivity and piezoelectric coupling
factors of BNT components are lower than
those of conventional, PZT materials .Even
though PIC700 is suitable for a number of
applications,
ment for PZT piezoelectric
technical applications
moment

an across-the-board  replace -
elements  in

is not in sight at the

Since it is used in positioning  systems
the PIC050 material is only supplied as a
translational ~ or shear actuator in predefi -
ned shapes .The standard dimensions are

similar to those of the PICA shear actuators

High-dynamics nanopositioning
system with Picoactuator
technology

(see www  piceramic com) .

The PIC050 crystal forms translucent layers in the Picoactuator
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Material Properties and Classification

Material General description of the material properties Classification in accor- | ML-Standard
designation “Soft"”-PZT dance with EN 50324-1 | DOD-STD-1376A

PIC151 Material: Modified Lead Zirconate-Lead Titanate 600 Il
Characteristics: High permittivity, large coupling factor,
high piezoelectric charge coefficient
Suitable for: Actuators, low-power ultrasonic transducers,
low-frequency sound transducers .Standard material for
actuators of the PICA series: PICA Stack, PICA Thru

PIC255 Material: Modified Lead Zirconate-Lead Titanate 200 Il
Characteristics: Very high Curie temperature, high permittivity,
high coupling factor, high charge coefficient, low mechanical
quality factor, low temperature coefficient
Suitable for: Actuator applications for dynamic operating
conditions and high ambient temperatures (PICA Power series),
low-power ultrasonic transducers, non-resonant broadband
systems, force and acoustic pickups, DuraAct patch transducers,
PICA Shear shear actuators

PIC155 Material: Modified Lead Zirconate-Lead Titanate 200 Il
Characteristics: Very high Curie temperature, low mechanical
quality factor, low permittivity, high sensitivity ( g coefficients)
Suitable for: Applications which require a high g coefficient
(piezoelectric voltage coefficient), e g .for microphones and
vibration pickups with preamplifier, vibration measurements
at low frequencies

PIC153 Material: Modified Lead Zirconate-Lead Titanate 600 Vi
Characteristics: extremely high values for permittivity, coupling
factor, high charge coefficient, Curie temperature around 185 °C
Suitable for: Hydrophones, transducers in medical diagnostics,
actuators

PIC152 Material: Modified Lead Zirconate-Lead Titanate 200 Il
Characteristics: Very high Curie temperature
Suitable for: Use at temperatures up to 250 °C
(briefly up to 300 °C)

16
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Material General description of the material properties Classification in accor- | ML-Standard
designation “Hard”-PZT dance with EN 50324-1 | DOD-STD-1376A

PIC181 Material: Modified Lead Zirconate-Lead Titanate 100 |
Characteristics: Extremely high mechanical quality factor,
good temperature and time constancy of the dielectric and
elastic values
Suitable for: High-power acoustic applications, applications in
resonance mode

PIC184 Material: Modified Lead Zirconate-Lead Titanate 100 |
Characteristics: Large electromechanical coupling factor, moderate -
ly high quality factor, excellent mechanical and electrical stability
Suitable for: High-power ultrasound applications, hydroacoustics,
sonar technology

PIC144 Material: Modified lead zirconate titanate 100 1
Characteristics: Large electromechanical coupling factor, high
quality factor, excellent mechanical and electrical stability, high
compressive resistance
Suitable for: High-power ultrasound applications, hydroacoustics,
sonar technology

PIC241 Material: Modified Lead Zirconate-Lead Titanate 100 |
Characteristics: High mechanical quality factor, higher permittivity
than PIC181
Suitable for: High-power acoustic applications, piezomotor drives

PIC300 Material: Modified Lead Zirconate-Lead Titanate 100 |
Characteristics: Very high Curie temperature
Suitable for: Use at temperatures up to 250 °C
(briefly up to 300 °C)

| [ Lead-Fres Materials |

PIC050 Material: Spezial crystalline material
Characteristics: Excellent stability, Curie temperature >500 °C
Suitable for: High-precision, hysteresis-free positioning in
open-loop operation, Picoactuator :

PIC700 Material: Modified Bismuth Sodium Titanate
Characteristics: Maximum operation temperature 200 °C,
low density, high coupling factor of the thickness mode
of vibration, low planar coupling factor
Suitable for: Ultrasonic transducers > 1MHz

PIEZO TECHNOLOGY



Material Data

SPECIFIC PARAMETERS OF THE STANDARD MATERIALS

Unit PIC151 PIC255/ PIC155 PIC153
PIC252"

Physical and dielectric properties

Density p g/cm3 7.80 7.80 7.75 7.60

Curie temperature T C 250 350 340 160

Relative permittivity in the polarization direction eJ/E, 2500 1800 1600 4500

L to polarity £,1/€, 1980 1750 1850 3500

Dielectric loss factor tan o 103 20 20 25 30

Electromechanical properties

Coupling factor k, 0.62 0.62 0.62 0.62
k. 0.53 0.47 0.48 0.49
k, 0.38 0.35 0.35 0.33
ks 0.69 0.69 0.69 0.72
k. 0.65 0.66 0.65 0.66

Piezoelectric charge coefficient d, -210 -180 -165 -295
d, 1012C/N 500 400 360 600
d, 610 550 540 780

Piezoelectric voltage coefficient g. -10.1 -11.8 -12.8 -7.9
9. 107 Vm/N 215 25 27.9 16.4

Acousto-mechanical properties

Frequency coefficients N, 1940 2000 1930 1940
N, 1500 1420 1500 1380
N, Hz-m 1360 1370 1340 1345
N, 1950 2000 1990 2020

Elastic compliance coefficient S, E 16.4 16 16.1 17.2
S 10 m?/N 19.4 19 193 20

Elastic stiffness coefficient G2 10 N/m? 15.7 15.4 15.8 15.5

Mechanical quality factor Q, 100 80 80 50

Temperature stability

Temperature coefficient of &,

(in the range -20 °C to +125 °C) TK e, 10°/K 4 4 5 26

Time stability (relative change of the parameter per decade of time in %)

Relative permittivity C. -10 -20

Coupling factor €, -10 -20

WWW.PICERAMIC.COM
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PIC152

7025
340
1350
1100
15

0048
0041
0025
0058
0046

-90
240
235
-8,7
23,4

2280
1570
1530
2100
13,1
14,8
16,6
100

PIC181

2270
1640
1560
2110
11,8
13,3
17
2000
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PIC1842

7025
320
1200
1250

0155
0lCH
0130
0163
0165
-99
220
421
-10,7
22,4

2175
1590
1560
2035
12,2
13,7
15,8
400

-4 0
20

PIC1442

2170
1620
1540
2035
12,4
14,3
16,6
1000

PIC241

2200
1590
1550
2020
12,6
14,4
15,5
500

PIC300

7025
370
1030
960

0047
0041
0027
0057
0048

190
248
-9,3
20,8

2400
1700
1700
2100
11,2
12
16,3
1400

PIC7002
)COU*

502
190
680
655
30

0014
0041
0009
0043
0025
-20
100
90
-3,3
16

2984
2228
2420
2576
8,8
9,1
15,1
100

PIC7022
)COU*

502
230%
542
629
30

0113
0139
0108
(i
0031
-17
71
108
-3,5
14,8

3071
2302
2403
2503
8,2
755
13,5
100

Pl

Recommended operating temperature PZT: 50 %
of Curie temperature .

1) Material for the Multilayer tape technology
2) Preliminary data, subject to change

3) Depolarization temperature

The following values are valid approximations for
all PZT materials from PI Ceramic:

Specific heat capacity:
WK = approx. 350] kg'1 Kl

Specific thermal conductivity :
WL = approx. 1.1 Wm' K!

Poisson'‘s ratio (lateral contraction):
o = approx. 0.34

Coefficient of thermal expansion:

a3 = approx . -4 to -6 x 10 K-!

(in the polarization direction, shorted)

al = approx .4 to 8 x 10° K
(perpendicular to the polarization direction
shorted)

Static compressive strength: >600 MPa

The following values are valid approximations for
all lead-free materials from PI Ceramic:

Spl0IMN0B00000000000
CJOBNT DI0000000OImnOeO™
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The data was determined using test pieces with
the geometric dimensions laid down in
EN 50324-2 standard and are typical values.

All data provided was determined 24 to 48 h after
the time of polarization at an
ambient temperature of 23 +2 °C.

A complete coefficient matrix of the individ[]
ual materials is availablel on request.If you
have any questions about the interpretation
of the material characteristics please contact
PI Ceramic (info@piceramic.com).
00T
0 o o
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