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10-3 Vm / N

10-12 C / N

1010 N / m2

10-12 m2 / N

Hz · m

10-3 / K

%

“Soft“

Unit PIC151 PIC255 PIC155 PIC153 PIC152

Physical and dielectric properties

Density ρ g / cm3 7.80 7.80 7.80 7.60 7.70

Curie temperature Tc °C 250 350 345 185 340

Relative permittivity in the polarization ε33
Τ / ε0 2400 1750 1450 4200 1350

direction to polarity ε11
Τ / ε0 1980 1650 1400

Dielectric loss factor tan δ 10-3 20 20 20 30 15

Electro-mechanical properties

Coupling factor kp 0.62 0.62 0.62 0.62 0.48

kt 0.53 0.47 0.48

k31 0.38 0.35 0.35

k33 0.69 0.69 0.69 0.58

k15 0.66

Piezoelectric voltage coefficient d31 -210 -180 -165 

d33 500 400 360 600 300

d15 550

Piezoelectric voltage coefficient g31 -11.5 -11.3 -12.9

g33 22 25 27 16 25

Acousto-mechanical properties

Frequency coefficients Np 1950 2000 1960 1960 2250

of the series resonance frequency N1 1500 1420 1500

N3 1750 1780

Nt 1950 2000 1990 1960 1920

Elastic compliance coefficient S11
E 15.0 16.1 15.6

S33
E 19.0 20.7 19.7

Elastic stiffness coefficient C33
D 10.0 11.1

Mechanical quality factor Qm 100 80 80 50 100

Temperature stability

Temperature coefficient of εΤ33

(in the range -20 °C to +125 °C) TK ε33 6 4 6 5 2

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

Relative permittivity Cε -1.0 -2.0

Coupling factor CK -1.0 -2.0
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Recommended operating temperature:
50 % of Curie temperature.

1) Crystalline material
2) Preliminary data, subject to change
3) Maximum operating temperature

The following values are valid approxi-
mations for all PZT materials from PI 
Ceramic:

Specific heat capacity:
WK = approx. 350 J kg-1 K-1

Specific thermal conductivity:
WL = approx. 1.1 W m-1 K-1

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

Coefficient of thermal expansion:
α3 = approx. -4 bis -6 x 10-6 K-1

(in the polarization direction, shorted)
α1 = approx. 4 bis 8 x 10-6 K-1

(perpendicular to the polarization direction,
shorted) 

Static compressive strength:
larger than 600 MPa

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 h 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 available on request. If you
have any questions about the interpretation
of the material characteristics please contact
PI Ceramic (info@piceramic.de).

2270 2250 2190 2350 3150

1640 1610 1590 1700 2300

2010 1925 1550 1700 2500

2110 2060 2140 2100

11.8 12.4 12.6 11.1

14.2 13.0 14.3 11.8

16.6 15.8 13.8 16.4

2000 1500 1200 1400 250

3 5 2

-4.0 -5.0

-2.0 -8.0

“Hard“ Lead-free materials

PIC181 PIC141 PIC241 PIC300 PIC110 PIC0501) PIC7002)

7.80 7.80 7.80 7.80 5.50 4.7 5.6

330 295 270 370 150 >500 2003)

1200 1250 1650 1050 950 60 700

1500 1500 1550 950 85

3 5 5 3 15 <1 30

0.56 0.55 0.50 0.48 0.30 0.15

0.46 0.48 0.46 0.43 0.42 0.40

0.32 0.31 0.32 0.25 0.18

0.66 0.66 0.64 0.46

0.63 0.67 0.63 0.32

-120 -140 -130 -80 -50

265 310 290 155 120 40 120

475 475 265 155 80

-11.2 -13.1 -9.8 -9.5

25 29 21 16 -11.9
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Material General description of the material properties Classification in accor- ML-Standard
designation “Soft“-PZT dance with EN 50324-1 DOD-STD-1376A

Material: Modified Lead Zirconate-Lead Titanate
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

Material: Modified Lead Zirconate-Lead Titanate
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

Material: Modified Lead Zirconate-Lead Titanate
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

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

Material: Modified Lead Zirconate-Lead Titanate
Characteristics: Especially low temperature coefficient of 
permittivity
Suitable for: Force and acceleration transducers

PIC151

PIC255

PIC155

PIC153

PIC152
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Material Properties and Classification
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Lead-Free Materials

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

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

PIC050

PIC700

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

Material: Modified Lead Zirconate-Lead Titanate
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

Material: Modified Lead Zirconate-Lead Titanate
Characteristics: High mechanical quality factor, permittivity bet-
ween PIC181 and PIC241 (can be exchanged for comparable types)
Suitable for: High-power acoustic applications, e.g. atomizing
pharmaceuticals

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

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

PIC181

PIC141

PIC241

PIC300

100

100

100

100

I

I

I

I

Barium Lead Titanate

Material: Modified Barium Titanate
Characteristics: Curie temperature 150 °C, 
low acoustic impedance 
Suitable for: Sonar and hydrophone applications

PIC110 400 IV
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Temperature Dependence of the Coefficients

∆ C/C (%) ∆ C/C (%)

∆ k31/ k31 (%)

�

�

∆ fs / fs (%)

Temperature curve of the
capacitance C

� Materials: PIC151, 
PIC255 and PIC155

� Materials: PIC181, 
PIC241 and PIC300

Temperature curve of the 
resonant frequency of the
transverse oscillation fs

� Materials: PIC151, 
PIC255 and PIC155

� Materials: PIC181, 
PIC241 and PIC300

Temperature curve of the
coupling factor of the 
transverse oscillation k31

� Materials: PIC151, 
PIC255 and PIC155

� Materials: PIC181, 
PIC241 and PIC300

�

∆ fs / fs (%)
�

� �
∆ k31/ k31 (%)

Piezo Material Data W W W . P I C E R A M I C . C O M



21

∆ d31/ d31 (%)

�

∆ d31/ d31 (%)

∆ d31/ d31 (%)
Thermal strain in the polarization direction Thermal strain perpendicular to the polarization 

direction ∆ L / L (%)

1. Heating
Cooling
2. Heating

1. Heating
Cooling
2. Heating

1. Heating
Cooling
2. Heating

1. Heating
Cooling
2. Heating

	

Specific Characteristics

Thermal properties using the example of the
PZT ceramic PIC 255

� The thermal strain exhibits different
 behavior in the polarization direction and
perpendicular to it.

� The preferred orientation of the domains  
in a polarized PZT body leads to an
 anisotropy. This is the cause of the varying
thermal expansion behavior.

� Non-polarized piezoceramic elements are
isotropic. The coefficient of expansion is
approximately linear with a TK of approx 
2 · 10-6 / K.

� The effect of successive temperature
changes must be heeded particularly in
the application. Large changes in the
curve can occur particularly in the first
temperature cycle.

� Depending on the material, it is possible
that the curves deviate strongly from
those illustrated.

Temperature curve of 
the piezoelectric charge 
coefficient d31

� Materials: PIC151, 
PIC255 and PIC155

	 Materials: PIC181, 
PIC241 and PIC300
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P I E Z O   N A N O   P O S I T I O N I N G

Headquarters

GERMANY

Physik Instrumente (PI)
GmbH & Co. KG
Auf der Roemerstraße 1
76228 Karlsruhe/Palmbach
Tel: +49 (721) 4846-0
Fax: +49 (721) 4846-1019
Email: info@pi.ws
www.pi.ws

Subsidiaries
USA & CANADA (East)

PI (Physik Instrumente) L.P.
16 Albert St.
Auburn, MA 01501
Tel: +1 (508) 832 3456
Fax: +1 (508) 832 0506
Email: info@pi-usa.us
www.pi-usa.us

JAPAN

PI Japan Co., Ltd.
Akebono-cho 2-38-5
Tachikawa-shi
Tokyo 190-0012
Tel: +81 (42) 526 7300
Fax: +81 (42) 526 7301
Email: info@pi-japan.jp
www.pi-japan.jp

PI Japan Co., Ltd.
Hanahara Dai-Ni-Building #703
4-11-27 Nishinakajima,
Yodogawa-ku, Osaka-shi,
Osaka 532-0011
Tel: +81 (6) 6304 5605
Fax: +81 (6) 6304 5606
Email: info@pi-japan.jp
www.pi-japan.jp

UK & IRELAND

PI (Physik Instrumente) Ltd.
Trent House, University Way,
Cranfield Technology Park,
Cranfield, Bedford MK43 0AN
Tel: +44 (1234) 756 360
Fax: +44 (1234) 756 369
Email: uk@pi.ws
www.physikinstrumente.co.uk

FRANCE

PI France S.A.S.
244 bis, avenue Marx Dormony
92120 Montrouge
Tel: +33 (1) 55 22 60 00
Fax: +33 (1) 41 48 56 62
Email: info.france@pi.ws
www.pi.ws

ITALY

Physik Instrumente (PI) S. r. l.
Via G. Marconi, 28
20091 Bresso (MI)
Tel: +39 (02) 665 011 01
Fax: +39 (02) 610 396 56
Email: info@pionline.it
www.pionline.it

CHINA

Physik Instrumente
(PI Shanghai) Co., Ltd.
Building No. 7-106
Longdong Avenue 3000
201203 Shanghai
Tel: +86 (21) 518 792 98
Fax: +86 (21) 687 900 98
Email: info@pi-china.cn
www.pi-china.cn

PI Ceramic GmbH
Lindenstraße
07589 Lederhose
Tel: +49 (36604) 882-0
Fax: +49 (36604) 882-4109
Email: info@piceramic.de
www.piceramic.de

USA & CANADA (West)
& MEXIKO
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PI (Physik Instrumente) L.P.
5420 Trabuco Rd., Suite 100
Irvine, CA 92620
Tel: +1 (949) 679 9191
Fax: +1 (949) 679 9292
Email: info@pi-usa.us
www.pi-usa.us
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PI General Catalog

Request it now!
The 530 page hardbound catalogue from
PI is the most comprehensive reference
book on the fundamentals of nanoposi-
tioning, piezo systems and micro-
positioning technology yet. The catalog
contains 200 product families, with more
than 1000 drawings, graphs, images and
technical diagrams.
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