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No other company in the world offers a broader and deeper portfolio of precision motion 
technologies than the PI Group. Continuous growth through the development of novel 
products and technologies is one of the main characteristics of the PI Group. 

With more than 700 highly qualified employees all over the world, research and manufacturing 
centers on three continents and subsidiaries in 13 countries, the PI Group is in a position to fulfill 
almost any requirement with regard to innovative precision motion technology.

PI Group 
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Unique in Piezo Technology and  
Precision Positioning

Physik Instrumente (PI) – Precision Positioning for Industry and Research

PI was founded more than four decades ago and is considered today a global market and 
technol ogy leader in the field of precision positioning technology with accuracies to the sub-
nanometer range. At the development and manufacturing site in Karlsruhe, more than 350 
employees work on high-resolution drive systems and positioning solutions.

PI Ceramic – Piezo Technology Specialist

PI Ceramic currently employs 200 people. It was founded in Lederhose (Thuringia, Germany) in 
1992 as development and manufacturing site for piezoelectric transducers. Today, it is one of the 
world leaders in the field of piezo actuators and sensors used for wealth of applications, reaching 
from precision positioning to metrology, and from ultrasound generation to energy recovery.

PI miCos – Motion Control and Systems Integration

PI miCos, founded in 1990 in Eschbach, Germany, joined the PI Group in 2011. With currently 
more than 60 employees, the company develops, produces and markets unique systems and 
components for high-precision positioning applications throughout the world. It mainly focuses 
on positioning technology under vacuum conditions, air-bearing solutions, linear motors and 
integration of complex systems such as used in beamline instrumentation.

Typical for PI: PIFOC® objective scanner – 
nanometer resolution for precision focus 
control in microscopy

SpaceFAB positioning system from PI miCos. 
Parallel kinematics for positioning in up to six 
degrees of freedom

PICMA® multilayer piezo actuators from 
PI Ceramic with all-ceramic coating for 
optimum reliability and lifetime

P I E Z O   N A N O   P O S I T I O N I N G
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 Locations for R&D, production, sales and service

 Locations for sales and service

EUROPE
PI UK
PI France
PI Italy
miCos Iberia

GERMANY
PI Karlsruhe
PI Ceramic
PI miCos

ASIA
PI Japan
PI Shanghai 
(with R&D and production)
PI Singapore
PI Korea

AMERICA
PI USA

The PI Group is present in all key technology regions worldwide. Customers benefi t from 
its local representations around the globe in many ways: 

■  Service facilities for diagnosis and repair as well as metrology equipment for tests, system
calibration and quality assurance

■  R&D departments, which are able to react promptly to the demands of the local markets
and ensure a direct dialog with the customers

■  Sample and prototype construction – in close contact with development departments and 
customers

■  Sales and application engineers – experts for the entire product portfolio of the PI Group  
and your contact for customized developments – from the initial consultation to the delivery

■  Market and business development experts who listen to what customers in specific market 
segments want and enable the PI Group to develop products that fulfill these requirements
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1970 PI founding year

1977 PI moved its headquarters to 

 Waldbronn, Germany

1991 Market launch of 6-axis parallel-kinematics

  positioning systems (Hexapods)

1992  Foundation of PI Ceramic, Thuringia, 

Germany; crucial step towards market 

leadership in nanopositioning 

1994  Market launch of capacitive position 

sensors

1998  Market launch of digital control 

electronics

2001  Market launch of PILine® 

ultrasonic piezomotors

2001  New company building in Karlsruhe, 

Germany

2002  PI Ceramic company building extended

2004  Market launch of PICMA® multilayer 

piezo stack actuators

2004  Market launch of NEXLINE® 

high-performance piezo linear drives

2007  Market launch of NEXACT® piezo linear 

drives

2010  More space for growth: Acquisition 

of the expansion site next to the PI head-

quarters

2011  Acquisition of the majority shares 

of miCos GmbH

2012  Extension of the PI headquarters and 

PI Ceramic company buildings  

2012  Introduction of PIMag 6D magnetic 

levitation positioning system

2013  Market launch of PiezoMike linear 

actuators based on PIShift inertia drives

Well-Positioned 
All Over the World

P I E Z O   N A N O   P O S I T I O N I N G
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PI is a synonym for top performance in precision motion technologies. We wish to inspire 

you with our products and we believe that we have exactly what it takes. PI offers a technol-

ogical spectrum that is beyond competition worldwide. Piezo actuator technology, voice-coil 

drives, magnetic levitation technology, nanometrology sensors and digital controllers – we 

can implement all of these technologies for any high-precision motion task. Piezo ceramics 

are such an elementary part of our portfolio that we founded an entire company to produce 

the highest quality piezo materials in the world: PI Ceramic. This way, we are independent  

from general purpose components available on the market and can offer all key technol    -

o gies from one source. This is what makes PI different and unique. And we need to be 

unique to satisfy your specifi c requirements in drive and positioning technology.

However, technology is not our only strength. Even more important are all the people 

working for and with PI. Permanent improvement of the workfl ow, fl at hierarchies, direct 

communication, both internally and with our customers, are a very good basis. Our em-

ployees are looking forward to working for you. We wish to delight you with our solutions.

Yours sincerely,

Dr. Karl Spanner, President of PI

Dear customers,

The ”Wall of Fame“: Far more than 100 
pa tents and patent pending technologies in 
the fields of nanopositioning, positioning 
controllers and piezoelectric drive systems

Integrated management system: Quality 
control, environmental protection and pro-
tection of health and safety at work, certi-
fied to ISO 9001, ISO 14001, OHSAS 18001

”PI is a strongly expanding, privately owned com-
pany. PI stands for quality in products, processes 
and service. The development and manufacture is 
completely under the control and responsibility of 
PI. Profitability is required for financial independ-
ence and a prerequisite for reinvestments in new 
technologies. It guarantees stability and a reliable 
partnership with our customers.

We, at PI, want to be our customers‘ partners and 
look for long-term customer relationships. Condi-
tions to achieve this goal are fair prices and a mutu-
al support when it comes to solving problems.“

The ”Wall of Fame“: Far more than 100 
pa tents and patent pending technologies i
th fi ld f iti i iti i

From the Mission Statement of 
Physik Instrumente (PI) GmbH 
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The PI Group can respond precisely to the customers‘ needs: 

Specifi c requirements can often only be fulfi lled by custom-

ized solutions – solutions that can only be found by means 

of unconventional and creative thinking. 

Unconventional Ways

Small, smaller, smallest: 
Customer-specific drive  solu -
tions manufactured by the 
PI Group include a 30 mm wide 
positioner with electro-magnetic 
gear motor, a piezomotor-driven 
camera focus unit for mobile 
devices and piezo chip actuators 
manufactured in large quantities 
at low cost

eeds: 

oom-

eeans 

Precision steering mirror for 
an astronomical project re-
quiring ultra-high stability and 
resolution. For this project, 
long-travel PI NEXLINE® linear 
drives were combined with 
absolute-measuring sensors

Unique Solutions, Broadest and Deepest Portfolio in Precision Motion Technologies

PI feels at home where unconventional solutions are of the essence in both industry and research. 
Today nanotechnology is also present in standardized industrial processes. With unconventional 
thinking and the broadest and deepest portfolio of precision motion technologies at hand, PI 
is in a position to offer solutions that far exceed the performance of general purpose systems. 
Understanding the customers‘ requirements is essential in finding a creative, sometimes surpris-
ingly unconventional solution. The technological range available to PI always permits different 
approaches not limited to one single technology right from the start, an advantage that turns 
into a considerable competitive edge for the customer.

Why Scientists Rely on PI: Creativity for Research and Development

Thousands of scientific publications cite PI products because our systems help researchers 
achieve outstanding results faster. Custom developments for research customers are a daily 
business for PI. The spectrum reaches from modifications of standard products to special designs 
for extreme ambient conditions. Important fields of research are, for example, beamline instru-
mentation, micro systems and nanotechnology.

OEM Customers Benefit from Our Integrated Management System

Optimized processes allow PI to provide customized products in quantities up to several 100 000 
units cost-efficiently with exact adherence to supply deadlines. The range of OEM products 
offered by the PI Group varies, from ”compact actuators“ and sensors to highly integrated 
parallel-kinematic positioning systems with custom digital controllers and software. Evaluation 
of pre-production run samples, test procedures, production processes and quality management 
are all included in the development process. 

The complete control over the design and manufacturing process provides the customer with 
significant advantages, because PI can modify and customize its products in all areas: Mechanics, 
electronics, metrology systems and software. Such solutions often go beyond the state-of-the-
art, providing customers the competitive edge that is necessary to be successful in the market.

Control of All System-Critical Processes and Design Steps

The PI Group controls the design and manufacturing steps of all critical components from the 
piezo material to the mechanical construction, from the nanometrology sensors to the digital 
control circuits and software. This approach not only yields superior system performance but 
also allows us to support our systems for many years in the future, a fact that is appreciated by 
customers in research and industry alike. 

P I E Z O   N A N O   P O S I T I O N I N G
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Small and Large-Scale Precision

What does nanolithography have in common with astronomy? As different as they seem to be, 
both require precision motion with accuracy down to nanometers. With its decades of engineer-
ing and manufacturing experience in nanopositioning and drive systems, PI has been working 
with world-class leaders in industry and research in these particular fields and many others.

Semiconductor Technology

The semiconductor industry is a pioneer when it comes to commercializing nanotechnology. 
Modern computer chips already require structures which are only a few nanometers wide. 
PI‘s piezomotor and actuator systems help to precisely align wafers, imaging optics and mask. 
Semiconductor test and inspection systems equally rely on the performance characteristics of 
PI positioning systems.  

PI Group and Its Markets

Complex three-dimensional 
structure: A 300 μm Statue 
of Liberty was manufactured 
with 3D laser lithography  
by Nanoscribe (Photo: 
Nanoscribe GmbH)

Drives that are both small and accurate improve 
imaging processes e.g. in medical technology. 
(Photo: SCHÖLLY FIBEROPTIC GmbH)

Three-dimensional structure: Cells settle on ”handles“ 
(Photo: B. Richter and M. Bastmeyer, Zoological Institu-
te, Karlsruhe Institute of Technology (KIT))

Hexapods in automation. In addition to PLC connec-
tion, control over standardized G-Code commands is 
possible to allow for even higher flexibility

Curiosity investigates the geology on Mars supported 
by PI drive motion systems (Photo: NASA/JPL)

Three-dimensional structu
(Photo: B. Richter and M. B
te, Karlsruhe Institute of Te

Hexapods in automation. I
tion, control over standard
possible to allow for even 
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Vacuum-Compatible, Non-Magnetic and Suitable for Low Temperatures 

PI‘s piezoelectric drive systems can be modified to cope with extreme ambient conditions, such 
as ultrahigh vacuum, strong magnetic fields or extremely low temperatures. Piezoceramics are 
intrinsically compatible with these extreme conditions, but the selection of the right system 
components and the assembly process requires a lot of experience. PI miCos is an expert in 
classical drive technologies for UHV, in particular when it comes to designing complex multi-axis 
systems for high loads and long travel ranges.

Medical Technology

Piezo ceramics to generate ultrasonic waves, actuators for microdosing and the production of 
nanoliter drops as well as miniature piezomotors for mobile medication devices – all these are 
tasks for which the PI Group has been offering solutions for many years. For imaging processes, 
such as OCT, focusing or miniature zoom lenses, small and reliable drive systems are increasing-
ly required. PI can offer products for all of these applications.

Biotechnology

Biotechnological applications using precise positioning system from PI are not only limited 
to typical optical procedures, such as focusing, or to moving and manipulation of samples in 
micros copy or in genome sequencers. Also for nano dosing and microfluidics, PI drive systems 
are unbeatable. For example, they allow the dosing of smallest volumes, with both high speed 
and high precision, in procedures such as PipeJet, or the design of the finest structures by means 
of nanoimprint or 3D lithography.

Microscopy

Optical methods have been relying on PI positioning systems for years, e.g. for aligning optical 
systems or samples. Piezo actuators and motors are increasingly replacing conventional drive 
systems because they are more compact, more precise and faster. Other non-optical microscopic 
processes, such as SEM (scanning electron microscope) and AFM (atomic force microscope), 
use PI systems due to their high accuracy and dynamics.

Imaging Methods

Nowadays, numerous industries depend on faster and more precise imaging methods. In all 
markets, the required tasks are focusing, zoom, object alignment and higher resolution. This 
ranges from the inspection of surface structures on semiconductors or flat screens with white-
light interferometry to optical microscopy, and from the digitalization of documents to image 
stabilization for aerial photography and astronomy. In all of these fields, the PI Group is present 
with its precise, highly stable and dynamic positioning systems.

Industrial Automation

PI positioning systems can communicate directly with a PLC through fieldbus interfaces. They 
can be integrated in virtually every automated production line. A synchronized clock with other 
automated components can easily be achieved. Hexapod parallel-kinematic positioners can also 
be used in automated manufacturing processes and for precision alignment.

Astronomy and Aerospace Research

Highest precision and dynamics are required in astronomy to follow the motion of stars or to 
compensate atmospheric interferences. Hexapods from PI align secondary mirrors of telescopes 
with a precision of 1 μm or better; piezo-driven active mirrors increase the optical resolution and 
align the elements of large segmented mirrors. Today the PI Group is even present on Mars with 
two of its systems: Piezo actuators separate rock samples, motorized drives focus a camera and 
laser spectrometer on the Mars rover Curiosity science lab.

Endothelial cells as seen 
under the microscope 
(Photo: Lemke Group, EMBL 
Heidelberg)

SpaceFAB:  
6-axis positioning 
system for 10-6 hPa

Low-profile, cost-efficient 
piezo scanner for biometrics: 
The CCD chip is moved 
dynamically in two axes to 
increase the pixel resolution
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PI Ceramic Piezo Technology 
PI Ceramic is considered a global leading player in the field of piezo actuators and sensors. The 
product range includes various piezo ceramic elements manufactured in both multilayer and 
pressing technology. Piezo ceramic components are manufactured in a large number of forms 
and sizes and with different motion characteristics.

The broad range of expertise in the complex development and manufacturing process of func-
tional ceramic components combined with state-of-the-art production equipment ensure high 
quality, flexibility and adherence to supply deadlines. Prototypes and small production runs of 
custom-engineered piezo components are available after very short processing times. PI Ceramic 
also has the capacity to manufacture medium-sized to large series in automated lines. 

PI Ceramic provides

■ Piezo ceramic materials 

■ Lead-free piezoelectric materials

■ Piezo ceramic components

■ Customized and application-specific 
 transducers / ultrasonic transducers

■ PICMA® monolithic multilayer piezo 
 actuators

■ Miniature piezo actuators

■ PICMA® multilayer bending actuators

■ PICA high-load piezo actuators

■ PT piezo tube actuators

■ Preloaded actuators with case

■ Piezocomposites – DuraAct patch 
 transducers

Instruments for the removal 
of tartar with ultrasound, 
OEM product. The individual 
piezo disks can be clearly 
seen

DuraAct transducers can be 
used as sensors, actuators and 
for energy harvesting

■

■

DuraAct transducers can be

1 2

W W W. P I . W S



PI miCos Motion Control
Frequently, the complete integration of multiple axes of high-precision positioning systems is 
required. Some examples are the preparation of experiments in large research facilities, optical 
measurement technology, photonics automation as well as test and calibration facilities in indus-
trial applications. PI miCos delivers turn-key solutions from one source. All critical mechani cal 
components are manufactured in-house at PI miCos achieving the highest performance char-
acteristics.

The product range includes linear and rotation stages, multi-axis SpaceFAB robot systems and 
matching motion controllers with corresponding software. Furthermore, PI miCos offers special 
product lines for use in vacuum up to 10-10 hPa or under cryogenic conditions. 

Typical examples for successfully integrated system solutions are found in flexible positioning 
systems with linear motors and air-bearing technology as well as in robotics systems that allow 
motions with six degrees of freedom and have been specially developed for optical measure-
ment technology and photonics automation.

Positioning in vacuum in up 
to six axes is one of the fields 
of expertise of PI miCos

Top performance for excellent results: Research 
institutions rely on the unique combination of 
technical know-how and perfect implementa-
tion, which guarantees, for example, a high 
 resolution rotary stage motion 
without wobble  and backlash

implementa-
mple, a high

P I E Z O   N A N O   P O S I T I O N I N G
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Technology Under Control 

Customer and application-specific product developments are the basis for the success of the 
PI Group. Requirements have to be understood and a technological solution has to be found. 
Since the PI Group manufactures all key technologies in-house, technology and production can 
be adapted perfectly to fulfill the requirements. Evidence is provided by our products.

The Good Feeling When Your Expectations Are Met

Customers should know the performance of the system they use. Therefore, an informative 
measurement log is part of every supplied closed-loop nanopositioning system. All measure-
ments are made with external, traceable measurement devices, such as high-resolution inter-
ferometers.

Everything Under One Roof

The combined lift and swivel 
unit carries up to seven tons 
and permits 360° rotations. 
This allows us to qualify, for 
example, high-load Hexa-
pods with load in the exact 
same orientation as in the 
customer‘s application

1 4
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High-precision piezo 
positioning systems  are 
measured using high-
quality calibrated inter-
ferometers

Visit Us 
on the Web at 
www.pi.ws
For detailed technical 
 spe cifications, drawings, 
CAD files and additional 
prod ucts not shown 
here, visit our website at 
www.pi.ws. There you will 
also find our newsletters 
and updates on the latest 
devel opments and applica-
tions as well as general 
in formation on the  PI Group.

Downloading Software  
and User Manuals

PI provides a wealth of soft-
ware tools along with rich 
documentation and detailed 
user manuals. Visit our web-
site frequently to stay up to 
date. Actually, our PI Update 
Finder will help you identify 
the PI software on your com-
puter automatically, compare 
it to the versions available on 
the PI server and direct you to 
the latest release.

A seismic, electromagnet-
ic and thermal isolation 
of the test laboratories 
guarantees a stable tem-
perature with a variation 
of less than 0.25°C in 
24 hours. Measuring 
accu racies down to pico-
meters set standards 
in the measurement of 
nanopositioning equip-
ment

Qualification in a Wide Range

The product range from a two-ton Hexapod to a 10-gram nanopositioner requires that 
PI can both manufacture and qualify these systems. At our Karlsruhe headquarters, 
a heavy-load shop floor was recently added, in which masses up to five tons can be 
handled. Special measurement devices, such as high-resolution 6D laser trackers, 
qualify the heavy-load precision positioning systems in every orientation.

Nanopositioning systems require stable measurement conditions for qualification. 
Measuring rooms with stable climatic conditions, isolated from the building founda-
tion and thus from external vibrations, provide ideal ambient conditions for the high-
resolution measurement devices, such as interferometers and capacitive sensors.

Complete Systems

PI positioning systems are complete solutions, i.e. they are delivered with everything 
required for operation. This includes, unless otherwise specified, power supplies, 
cables, mains and network cables, and, of course, the software. A plethora of program 
libraries, examples and drivers facilitate integration and programming of the systems 
e.g. under Linux, Windows, MATLAB or LabVIEW. In addition, every controller comes 
with the PIMikroMove graphical user interface program for easy start-up and sys -
tem optimization.

P I E Z O   N A N O   P O S I T I O N I N G
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Piezo Positioning Systems

Products Page 18–75

Technology Page 76–95
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Piezo Scanners for Nano-Precision Positioning
In 1 to 6 Axes

Nanotechnology is already part of everyday life.  The use of high-precision positioning systems in biotechnology, microscopy 
or semiconductor technology allows resolution of very fine structures in production and inspection. This allows production 
of more and more powerful integrated electronic components and investigation of new diagnostic and therapeutic methods 
in life sciences.

Three-dimensional structure: Cells 
settle on "handles". 
(Photo: B. Richter and M. Bastmeyer, 
Zoological Institute, Karlsruhe Insti-
tute of Technology (KIT))
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Single-Axis Piezo Scanning Stages

Reference-Class Nanopositioning Systems

Page 20

Piezo Z Scanners

Compact Positioning Stage for the Vertical Axis

Page 22

Piezo Scanning Stages for 1 to 3 Axes Page 26

Precision Positioning Stage for up to 6 Axes

Reference-Class Piezo Systems

Page 38

PicoCube® XYZ Piezo Scanners for AFM Page 40

Fast Tip/Tilt Mirrors

Active Optics

Page 42
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Single-Axis Piezo Scanning Stages
Reference-Class Nanopositioning Systems

Highlights 
■ Excellent precision

■ For dynamic applications

■ PICMA® piezo actuators for maximum reliability

■ Capacitive position sensors for positioning accuracy 
and stability in the nanometer range

■ Frictionless and zero-backlash flexure guides

Applications 
PI‘s piezo-actuator linear stages combine nanometer-precision resolution and guiding precision with minimum crosstalk. 
This makes them particularly suitable for reference applications in metrology, for microscopic processes, for interferom-
etry or in inspection systems for semiconductor chip production.

 P-753
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 P-752  P-753  P-750 P-620 
to 
P-629

Excellent guiding 
accuracy

LISA actuator and na-
noscanning stage: for 
vertical and horizontal 
use

For high loads
PIHera: XY and Z 
versions available

Dimensions in mm 66 to 84 × 40 × 13.5 44 to 80 × 30 × 15 115 × 115 × 25
30 × 30 × 12 to 
100 × 100 × 22.5

Closed-loop travel range 
in μm

15 to 30 12 to 38 75 50 to 1 500

Load capacity in N 30
100 vertical, 
20 horizontal

100 10

Closed-loop resolution 
in nm

up to 0.1 0.05 to 0.2 1 up to 0.2

Linearity error in % 0.03 0.03 0.03 up to 0.02

Repeatability in nm ±1 to ±2 ±1 to ±3 ±3 up to ±1

Crosstalk  θ
Y
/ θ

Z
 in μrad ±1 ±5 to ±10 ±10 ±3 to ±10

Stiffness in N/μm up to 30 up to 45 12.5 up to 0.4

Unloaded resonant 
frequency in Hz

up to 3  200 up to 5 600 600 up to 1 100

 P-622 P-753 P-752  P-750

All product details can be found at www.pi.ws
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Piezo Z Scanners
Compact Positioning Stages for the Vertical Axis

Highlights 
■ Frictionless and zero-backlash flexure guides

■ PICMA® piezo actuators for maximum reliability

■ Open-loop designs available

Applications 
Vertical piezo positioning stages are used for the alignment of optics in laser metrology and also for focusing samples in 
microscopy or in test systems. PI offers vertical positioning stages in different designs for a wide range of applications.

 P-622
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P-620.Z 
P-621.Z 
P-622.Z

P-611.Z  P-612.Z S-303

High precision in 
combination with long 
travel ranges

Cost-efficient
Compact with clear 
aperture

Highly dynamic piezo 
phase shift stage

Options
PIHera: XY und Z 
versions available

X, XY or XZ
versions available

XY versions 
available

version with Picoac-
tuator® drive for high 
linearity in open-loop 
operation

Dimensions in mm
30 × 30 × 15 to 
50 × 50 × 17.5

44 × 44 × 27 60 × 60 × 27
Ø 30 × 10, open-loop 
with Ø 8 mm clear 
aperture

Closed-loop travel range 
in μm

up to 250 100 100 2

Load capacity in N 10 15 15 0.5

Sensor capacitive SGS SGS capacitive

Closed-loop resolution 
in nm

up to 0.1 2 1.5 0.03

Linearity error in % 0.02 0.1 0.2 1

Repeatability in nm ±1 <10 ±4 0.7

Crosstalk θ
Y
/θ

Z
 in μrad <80 ±20 – –

Stiffness in N/μm up to 0.6 0.45 0.63 –

Unloaded resonant 
frequency in Hz

up to 1 000 460 490 25 000

S-303.BLP-611.Z P-612.Z

All product details can be found at www.pi.ws
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Z and Tip/Tilt Piezo Scanning Stages
With Large Clear Aperture

Highlights 
■ Fast step-and-settle in the ms range

■ Parallel kinematics for best possible precision with multi-axis motion

■ Frictionless and zero-backlash flexure guides

■ PICMA® piezo actuators for maximum reliability

Applications 
PI‘s vertical positioning stages with large clear aperture are available with different features to fit each individual appli-
cation. The main areas of application include various microscopic processes for alignment and Z-stacking of samples. In 
addition, PI offers special scanning stages for commercially available microscopes.

 P-733
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All product details can be found at www.pi.ws

P-541.ZC 
P-541.TC

P-541.ZS 
P-541.TS

 P-733.Z P-518 
P-528 
P-558

Reference class Precision class
Reference class: High 
guiding accuracy

Reference class: 
High dynamics in Z 
and tip/tilt axes

Options
XY versions 
available

XY versions 
available

XY and XYZ 
versions, vacuum 
versions available

XY and XYZ 
versions, vacuum 
versions available

Dimensions in mm 150 × 150 × 16.5 150 × 150 × 16.5 100 × 100 × 25 150 × 150 × 30

Active axes Z, θ
x
, θ

y
Z, θ

x
, θ

y
Z Z and Z, θ

X
, θ

Y
 

Clear aperture in mm 66 × 66 66 × 66 50 × 50 66 × 66

Closed-loop travel range 
in μm

100 100 100 up to 200

Closed-loop tip/tilt range 
θ

X
, θ

Y
 

in mrad
±0.6 ±0.6 – up to ±1

Load capacity in N 50 50 50 100

Sensor capacitive SGS capacitive capacitive

Closed-loop resolution 
in nm

0.5 2.5 0.3 1

Resolution in the 
tip/tilt range in μrad

0.08 0.25 – up to 0.05

Linearity error in % 0.03 0.2 0.03 0.03

Repeatability in nm ±2 ±10 ±2 up to ±5

Crosstalk θ
Y
/ θ

Z
 

in μrad
<15 <15 <5 <100

Stiffness in N/μm 0.8 0.8 2.5 up to 4

Unloaded resonant 
frequency in Hz

410 410 700 up to 570

 P-518 P-541
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Low-Cost 1- and 2-Axis Piezo Scanning Stages
Standard Class of High Dynamics

Highlights 
■ Fast piezo stages

■ SGS position sensors optimized for high linearity

■ Serial and parallel-kinematic designs

■ Highly dynamic through direct drive

■ Frictionless and zero-backlash flexure guides

■ PICMA® piezo actuators for maximum reliability

Applications 
Fast X and XY piezo scanners for small loads are frequently used for microstepping processes. Their rapid step-and-settle 
improve the resolution of optical systems. These include imaging processes in camera technology and image recognition, 
for example for biometrics or document archiving.

 P-713
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 P-712  P-713  P-915 K
XYS

 P-915K
HDS 

Large clear aperture 
12 × 15 mm²

Large clear aperture 
15 × 15 mm²

Customized model
Customized model 
with large clear 
aperture 30 × 45 mm²

Active axes X X, Y X, Y X, Y

Dimensions in mm 40 × 40 × 6 45 × 45 × 6 40 × 60 × 7 85 × 54 × 12.5

Clear aperture in mm 20 × 15 15 × 15 – 30 × 45 

Sensor SGS SGS – –

Closed-loop travel range 
in μm

30 15 x 15 4 × 4 open-loop 15 × 15 open-loop

Closed-loop resolution 
in nm

2 1 0.4 open-loop 0.1 open-loop

Linearity error in % 0.3 0.3 – –

Repeatability in nm ±5 ±4 – –

Crosstalk θ
Y
/θ

Z
 in μrad ±5 / ±20 ±1 to ±5 / ±40 to ±50 up to ±50 –

Stiffness in N/μm 0.6 0.8 – 10

Unloaded resonant 
frequency 

in Hz
1 550 2  250 > 2  000 1 850

Load capacity in N 5 2 0.5 5

P-915KHDS P-712 P-915KXYS

All product details can be found at www.pi.ws
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NanoCube® 
Cost-Efficient Positioning in up to 3 Axes, Precision-Class

Highlights 
■ Cost-efficient

■ Modular design of multi-axis systems

■ SGS position sensors

■ PICMA® piezo actuators for maximum reliability

Applications 
The NanoCube® is an all-rounder in nanopositioning technology, offering the best possible alternative to reference-
class systems. Its applications include sample adjustment, handling in microsystem technology, sample handling, fiber 
positioning and photonics.

 P-611
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 P-611.1  P-611.2 
P-611.XZ

 P-611.3  P-612 

Active axes X X, Y or X, Z X, Y, Z X, Y

Dimensions in mm 44 × 44 × 17 44 × 44 × 34 44 × 44 × 44.2 60 × 60 × 18

Clear aperture in mm – – – 38 × 38

Sensor SGS SGS SGS SGS

Closed-loop travel range 
in μm

100 100 100 100

Closed-loop resolution 
in nm

2 2 2 5

Linearity error in % 0.1 0.1 0.1 0.4

Repeatability in nm <10 <10 <10 <10

Crosstalk in μrad max. ±20 max. ±20 max. ±20 max. ±50

Stiffness in N/μm 0.2 0.2 to 0.35 0.3 0.15

Unloaded resonant 
frequency in Hz

400 up to 340 up to 350 400

Load capacity in N 15 15 15 15

 P-612P-611.3 P-611.2, P-611.XZ

All product details can be found at www.pi.ws
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PIHera Nanopositioning Stages for 1 to 3 Axes 
Large Variety of Reference-Class Piezo Scanning Stages

Highlights 
■ High-precision piezo positioning systems with travel ranges of up to 1500 μm

■ Short response and settling times in the millisecond range

■ Capacitive position sensors for maximum positioning accuracy and stability

■ PICMA® piezo actuators for maximum reliability

■ Frictionless and zero-backlash flexure guides

Applications 
The piezo scanners of the PIHera range show in exemplary fashion the history of success of PI‘s nanopositioning systems. 
Their compact design makes them suitable for universal use and allows serial assembly of multi-axis systems at low cost. 
Their applications include, for example, optical metrology, biotechnology and atomic force microscopy.

 P-622
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 P-620.1
to 
P-629.1

P-620.2 
to 
P-629.2

 P-620.Z 
P-621.Z 
P-622.Z

 P-763 

1 axis XY axes Z axis
XY axes 
with clear aperture, 
preliminary data

Dimensions in mm
30 × 30 × 12 to
100 × 100 × 22.5

30 × 30 × 21.5 to
100 × 100 × 40

30 × 30 × 15 to
50 × 50 × 17.5

60 × 60 × 22

Clear aperture in mm – – – 30 × 30

Closed-loop travel range 
in μm

50 to 1 500 50 to 1 500 50 to 250 200

Closed-loop resolution 
in nm

0.2 to 3 0.2 to 3.5 0.2 to 1 0.7

Linearity error in % up to 0.02 up to 0.02 0.02 0.02

Repeatability in nm ±1 to ±14 ±2 to ±14 ±1 ±2

Crosstalk in μrad ±3 to ±10 ±3 to ±30 <20 to <80 ±50

Unloaded resonant 
frequency in Hz

up to 1 100 up to 800 up to 1 000 up to 200

Load capacity in N 10 10 10 3

P-763.22CP-622.ZCDP-621.2CD

All product details can be found at www.pi.ws
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Low-Profi le XY Piezo Scanners 
With Large Clear Aperture for Microscopy

Highlights 
■ Flexible adjustment possible, e.g. for microscopes

■ Particularly low profile

■ Large selection of position sensors 

■ Backlash-free flexure guides

■ PICMA® piezo actuators for excellent reliability

Applications 
The nanopositioning stages of the P-540 series are designed for applications in microscopy. Their typical low-profile 
design allows easy integration into existing structures. Depending on the task at hand, the drive system ranges from 
being particularly dynamic for tracking applications to long travel ranges for superresolution microscopy.

 P-541
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 P-541.C 
P-542.C

P-541.S 
P-542.S

 P-541.2
DD

 P-545 
PInano®

High precision 
through 
capacitive sensors

Reference-class

Cost-efficient version 
with SGS sensors

Precision-class

Directly driven 
and dynamic

Reference-class

Low-cost for microsco-
py, up to 3 axes

Precision-class

Active axes X, Y X, Y X, Y X, Y,( Z)

Dimensions in mm 150 × 150 × 16.5 150 × 150 × 16.5 150 × 150 × 16.5 217 × 150 × 20

Clear aperture in mm 80 × 80 80 × 80 80 × 80 82 × 65

Sensor capacitive SGS capacitive
piezoresistive, 
capacitive

Closed-loop travel range 
in μm

100 to 200 100 to 200 45 70 to 200

Closed-loop resolution 
in nm

0.3 to 0.7 2.5 to 4 0.3 <1

Linearity error in % 0.03 0.2 0.03 0.1

Repeatability in nm <±5 <±10 <±5 –

Crosstalk in μrad <±5 to ±10 <±5 to ±10 <±3 –

Kinematic design parallel parallel parallel serial

Unloaded resonant 
frequency in Hz

up to 255 up to 255 1 550 1 000 (X, Y), 800 (Z)

Load capacity in N 20 20 20 5

 P-545

All product details can be found at www.pi.ws
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2-Axis Flexure Scanners 
with Excellent Travel Accuracy
Reference-Class Piezo Systems

Highlights 
■ Motion in X and Y

■ Optimized travel accuracy

■ Parallel kinematics with capacitive sensors

■ Backlash-free flexure guides

■ PICMA® piezo actuators for excellent reliability

■ Large clear aperture

Applications 
Reference-class nanopositioning stages are suitable for sample positioning in high-resolution, non-optical microscopy.

 P-733
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 P-733.2  P-733.2
DD

 P-517.2 
P-527.2

 P-734

Compact and precise
Directly driven 
and dynamic

Travel range of up to 
200 μm

Travel flatness <5 nm

Dimensions in mm 100 × 100 × 25 100 × 100 × 20 150 × 150 × 30 130 × 130 × 30

Clear aperture in mm 50 × 50 50 × 50 66 × 66 56 × 56

Closed-loop travel range 
in μm

100 30 100 to 200 100

Closed-loop resolution 
in nm

0.3 0.1 1 to 2 0.3

Linearity error in % 0.03 0.03 0.03 0.03

Repeatability in nm <±2 <±2 ±5 to ±10 <±2.5

Crosstalk in μrad <±3 to ±10 <±5 to ±10 – <±3 to ±10

Unloaded resonant 
frequency in Hz

500 2  230 up to 450 500

Load capacity in N 50 50 50 20

 P-734P-517, P-527

All product details can be found at www.pi.ws
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3-Axis Piezo Scanning Stages 
Reference-Class Piezo Systems

Highlights 
■ Motion in X, Y and Z

■ High travel accuracy

■ Large clear aperture

■ Parallel kinematics with capacitive sensors

■ Backlash-free flexure guides

■ PICMA® piezo actuators for excellent reliability

Applications 
Three-axis nanopositioning stages scan a sample in-plane both in optical and non-optical microscopy and adjust it 
along the measuring axis. Further fields of application include interferometry, 3D laser lithography and nano imprint 
technologies.

 P-563
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 P-733.3  P-517.3
P-527.3

 P-561 
P-562
P-563

 P-561.3
DD

Compact and precise

Highly dynamic Z axis

High dynamics 
to up to 200 μm

Highly dynamic Z axis

PIMars series, also 
available for 6 axes

Long travel range 
also in Z

Directly driven high-
dynamics PIMars

Dimensions in mm 100 × 100 × 25 150 × 150 × 30 150 × 150 × 30 150 × 150 × 30

Clear aperture in mm 40 × 40 66 × 66 66 × 66 66 × 66

Closed-loop Z travel 
range in μm

10 20 100 to 300 15

Closed-loop X, Y travel 
range in μm

100 × 100
100 × 100 to 
200 × 200

100 × 100 to 
300 × 300

45 × 45

Closed-loop X, Y 
resolution in nm

0.3 1 to 2 0.8 to 2 0.2

Closed-loop Z resolution 
in nm

0.2 0.1 0.8 to 2 0.2

Linearity error in % 0.03 0.03 0.03 0.01

Repeatability in nm <2 ±1 to ±10 2 2

Crosstalk in μrad <±10 – ±6 to ±10 ±3

Crosstalk around X, Y 
with motion in Z in μrad

<±5 – ±15 to ±25 ±3

Resonant frequency X, Y 
in Hz

460 up to 450 up to 190 920

Resonant frequency Z 
in Hz

1 400 1 100 up to 380 1 050

Load capacity in N 50 50 50 50

 P-733  P-517

All product details can be found at www.pi.ws

P I E Z O   N A N O   P O S I T I O N I N G

3 7



Precision Positioning Stages for up to 6 Axes
Reference-Class Piezo Systems

Highlights 
■ Parallel kinematics with capacitive sensors

■ Capacitive position sensors of maximum linearity

■ PICMA® piezo actuators for maximum reliability

Applications 
Differential operation of the actuators for one direction of motion combined with a digital motion controller allows 
samples or measuring sensors to be aligned not only in the linear axes but also additionally in tilt and rotary angles. 

 P-518
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 P-517.R
P-527.R

 P-518.T  P-562.6  P-587

Rotational axes with 
clear aperture

Tip/tilt axes with clear 
aperture

PIMars, 

compact design
Large travel ranges 

Active axes X, Y, θ
z

Z, θ
x
, θ

y
X, Y, Z, θ

x
, θ

y
, θ

z
X, Y, Z, θ

x
, θ

y
, θ

z

Dimensions in mm 150 × 150 × 30 150 × 150 × 30 150 × 150 × 30 240 × 240 × 50

Clear aperture in mm 66 × 66 66 × 66 66 × 66 –

Closed-loop travel range 
in μm

100 to 200 50 to 200 200 800, 800, 200

Closed-loop resolution 
in nm

0.3 to 1 up to 0.5 1 0.7 to 2.2

Closed-loop tilt angle in 
mrad

±1 ±0.25 to ±1 ±0.5 ±0.5

Closed-loop angle 
resolution in μrad

0.01 0.05 0.1 up to 0.1

Linearity error X, Y, Z / 
θ

x
, θ

y
, θ

z
 in % 

0.03 0.03 0.01 / 0.1 0.01 / 0.1

Repeatability 
X, Y / Z in nm

±5 ±5 to ±10 ±2 / ±3 ±3 /±2

Repeatability 
θ

x
, θ

y
 / θ

z
 in μrad

±0.5 up to ±0.03 ±0.1 / ±0.15 ±0.1 / ±0.15

Unloaded resonant fre-
quency X /  Y / Z in Hz

450 up to 570 110 / 110 / 190 103 / 130 / 235

Load capacity in N 50 100 50 50

 P-563  P-587 P-517

All product details can be found at www.pi.ws
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PicoCube® XYZ Piezo Scanners for AFM

Highlights 
■ Picometer resolution

■ Parallel-kinematic design 

■ High dynamics through direct drive

■  Nonmagnetic and UHV versions available

Applications 
Atomic force microscopy (AFM) permits surface inspection with highest resolution, even down to atomic levels. It enters 
dimensions that light microscopes can no longer resolve. This method can provide information on the topography, chemi-
cal surface condition, defects, etc. Typical areas of application include life science technologies, materials research and 
semiconductor inspection. Piezo-based scanning systems provide the required precision in the positioning of measuring 
tip and sample, thus ensuring the desired high spatial resolution and high dynamics.

 P-313
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 P-313  P-363

Picoactuator® techno-
logy for highly linear 
displacement without 
position sensor

Active axes X, Y, Z X, Y, Z

Dimensions in mm 30 × 30 × 29.4 30 × 30 × 29.4

Sensor – capacitive

Closed-loop travel range 
in μm

up to 1 5

Closed-loop resolution 
in nm

– 0.1

Linearity error in % 0.2 0.05

Crosstalk in μrad – 0.5

Crosstalk with 
motion in Z in μrad

– 0.2

Unloaded resonant fre-
quency X, Y / Z in Hz

4 000 / 11 000 3 100 / 9 800

Load capacity in N 10 10

Operating voltage in V ±250 ±250

 P-363

All product details can be found at www.pi.ws

E-536

E-536
PicoCube® 
Piezo 
Controller

■ With or without servo 
control

■ With or without digital 
interfaces

■ Output voltage 
-250 to +250 V

■ Peak current per channel 
up to 200 mA, <3 ms

■ Bandwidth, 
small signal 10 kHz

■ Ripple, noise, 
0 to 100 kHz

 
<0.8 mV

rms
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Fast Tip/Tilt Mirrors
Active Optics

Highlights 
■ Two orthogonal, parallel-kinematic tip/tilt axes with common pivot point

■ Optional linear axis for adjustment of the optical path length

■ Compact design

■ Operating frequencies from 100 Hz to >1 kHz

■ PICMA® piezo actuators for maximum reliability

■ Optional strain gauge sensors for high accuracy

■ Frictionless and zero-backlash flexure guides

Applications 
Due to their high dynamics and the two tip/tilt axes featuring a common pivot point, tip/tilt mirrors are used for laser 
beam steering and control. Applications include industrial materials processing and medical technology, for example 
in oph thalmology or dermatology. Image stabilization is a further field of application, which benefits from the high 
dynamics of the system.

S-334
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S-330 S-334  S-325 S-340

Fast and flexible tilt 
angles

Large tilt angles with 
pre-mounted mirror

High speed due to 
additional closed-loop 
Z axis

Wide range of differ-
ent materials such 
as invar, aluminum, 
titanium

Dimensions in mm Ø 25 × 37 to 91 25 × 33 × 38 Ø 25 × 50 60 × 60 × 56

Active axes θ
X
, θ

Y
θ

X
, θ

Y
θ

X
, θ

Y
, Z θ

X
, θ

Y

Integrated sensor SGS SGS SGS SGS

Closed-loop tilt angle* 
in mrad

up to 10 25 and 50 5 2

Closed-loop resolution 
in μrad

0.05 to 0.5 1 and 5 0.05 0.2

Linearity error in % 0.25 0.05 0.05 0.1

Unloaded resonant 
frequency 

in kHz
up to 3.7 

1 and 3
with mirror

2 1.4

Platform diameter in mm 25 12.5 25 59

Closed-loop Z travel 
range in μm

– – 30 –

Closed-loop Z resolution 
in nm

– – 0.6 –

*Mechanical angle:  The optical beam deflection is twice as high.

S-340S-325S-330

All product details can be found at www.pi.ws
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Z Piezo Scanners for Microscopy
Fast and Precise Positioning of Objective and Sample

PIFOC® in Inverse Microscope
PIFOC® objective scanners with piezo drive achieve settling times of up to 10 ms on travel ranges of up to 1 mm. QuickLock 
thread inserts allow objectives to be replaced quickly and easily. The figure shows a PIFOC® in an inverted microscope, where 
the beam is guided onto the sample from below.
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Positioning Tasks in Microscopy Page 46

PIFOC® Objective Scanner with Settling Time in Milliseconds Page 48

High-Speed Z Sample Positioning for 
Fast Focus Control and Imaging

Microscopic Scanner with Large Clear Aperture

Page 52

High-Precision Multi-Axis Sample Positioning with PInano® 

Up to 200 μm in XY and XYZ

Page 54

Precision XY Stages 

For Microscopy and Inspection Tasks

Page 216
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Depending on the method used, optical microscopy has different positioning stage and scanner requirements for 

objectives and samples. The application determines which axes are moved as well as  their stroke and the required 

accuracy. The examination of a sample frequently requires many individual scans within a very short period of time, 

or screenings require high throughputs – both methods have high demands in terms of the systems‘ dynamics and 

the smooth behavior during the scan. In addition, their size must fi t existing microscopes and must not adversely 

affect the beam path. 

In a confocal microscope that resolves 
single molecules, piezo scanners ensure 
the best possible repeatability. PIFOC® 
objective stages provide rapid focus 
alignment. The required high scanning 
linearity is achieved by suitable digital 
algorithms in the control. The figure 
shows a single molecule image con-
sisting of immobilized Atto655 and Cy5 
molecules. The individual molecules can 
be readily distinguished by means of their 
different fluorescence lifetimes. (Photo: 
PicoQuant)

Z Motion in the Direction of the Optical Axis
For light microscopes, PI products offer fine adjustment in Z for different areas 
of application, such as fast optical sectioning (Z stacks, image stacks) for 3D pro-
cesses, confocal or multiphoton microscopy, or autofocus applications and drift 
compensation. The required step size, for example in Z-stack acquisition, is in the 
range of the resolution limit of the microscope.

This can in general be achieved by adjusting either the sample or the objective. The 
high precision and short settling time requirements of the application are identical. 
With upright microscopy and large or very sensitive samples, the trend is toward 
adjusting the objective, and with inverted microscopy and small samples toward 
adjusting the sample.

Systems with travel ranges of up to 500 μm, upon request even up to 2 mm, are 
available. Even with large objectives, short settling times of approx. 10 ms and thus 
high throughputs are achieved. Especially for macro-objectives of large numeric 
aperture (NA), PIFOC® stages are available with a clear aperture of up to 29 mm 
with a M32 thread.

PIFOC® objective scanners with their freely exchangeable PI QuickLock thread 
inserts can be coupled to the microscope using different thread types and in dif-
ferent angles. The PIFOC® are simply inserted between the revolving nosepiece of 
the microscope and the objective using the QuickLock. Then the adapter is screwed 
into the revolving nosepiece and the PIFOC® is fastened in the desired direction. 
Since the objective positioner itself does not have to be rotated, cabling is no 
longer an issue.

Z Positioning Tasks in Microscopy

QuickLock adapters facilitate the mounting of 
the objective scanner on the microscope
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Fields of Application

■ Fast picometer-precision 3D 
surface inspection

■ Fast focusing for Z-stack 
acquisition

■ Autofocusing

■ Drift compensation down to the 
nanometer range

■ 3D laser lithography in biotech-
nology and medical technology

Objective or Sample Adjustment

Apart from objective stages, several piezo stage series of very low profile and 
different clear apertures are available for sample adjustment. They are tuned to 
3x1" slides or inserts of up to 160 mm x 110 mm. The stroke is up to 500 μm.

For additional tracking or fine adjustment tasks perpendicular to the optical axis, 
PI offers integrated piezo-based XYZ scanners.

Autofocus or Externally Specified Target Position
The autofocus signal can be used as control parameter for a constant distance 
between sample and objective, thus allowing material drift compensation. By 
changing a single control parameter in the electronics, the piezo stage can be 
referenced again to the internal sensor and then used, e. g. for Z-stack scans.

The piezo-based nanopositioning system 
moves the entire revolving nosepiece contain-
ing the different objectives in the direction of 
the Z axis (Photo: Nikon Instech / PI)
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PIFOC® Objective Scanners 
Focusing Microscope Objectives with Nanometer Precision

 P-725

Highlights 
■ Scans and positions objectives with sub-nm resolution and ms settling time

■ Maximum linearity through direct metrology with capacitive sensors

■ Minimum objective offset and excellent focus stability through backlash-free parallel flexure guiding

■ Outstanding lifetime due to PICMA® piezo actuators

■ Longer travel ranges for multiphoton microscopy

Applications 
In addition to all common microscopic processes, the applications also include 3D lithography and industrial surface 
inspection with white light interferometry (WLI) methods. For all models, a series of QuickLock thread inserts of 
different thread dimensions are available, which facilitate mounting. For many models, cost-efficient scanning systems, 
including digital motion controllers, are available.
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 P-721  P-725  P-725K
HDS

 P-726

Cost-efficient, in a 
system combined with 
controller

Different travel ranges, 
in a system combined 
with controller

Customized model of 
high dynamics

Very stiff, for heavy 
objectives

Max. dimensions 
in mm

40 × 49.5 × 65 46 × 40.5 × 68 Ø 65 × 50.7

Max. objective diameter 
 in mm

39 39 39 M-32

Closed-loop travel range 
in μm

100 100, 250, 400 400 100

Sensor capacitive SGS capacitive capacitive capacitive

Closed-loop resolution 
in nm

0.7 5 up to 0.65 1.2 0.4

Linearity error in % 0.03 0.2 0.03 0.03 0.02

Repeatability in nm ±5 ±10 ±5 ±5 ±3

Push / pull force 
capacity in N

100 / 20 100 / 20 100 / 20 100 / 50

Unloaded resonant 
frequency in Hz

580 up to 470 up to 620 1 120

Stiffness in N/μm 0.3 up to 0.23 up to 0.4 3.4

Crosstalk in X, Y in nm 100
20 per 100 μm of 
travel range

20 per 100 μm of 
travel range 50

 P-726P-725KHDS P-721

All product details can be found at www.pi.ws
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PIFOC® Objective Scanner
Maximum Dynamics for Revolving Nosepieces

Highlights 
■ Maximum accuracy through direct metrology

■ Minimum objective offset and excellent focus stability through backlash-free parallel flexure guiding

■ Outstanding lifetime due to PICMA® piezo actuators

Applications 
Different microscopic techniques require different dynamics, travel ranges and flexibility of the piezo Z drives. For 
high-velocity metrology, as used e.g. in surface and material inspection, focus stability over long travel ranges 
and high dynamics are crucial. Often one revolving nosepiece can carry different exchangeable objectives. Here 
special requirements have to be met by the Z scanning method as the different focusing levels have to be approached 
with higher loads. 

 P-721K 
(Photo: Nikon Instech / PI)
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Use in Vacuum

Piezo stages use technologies that are basical-
ly perfect for being used in a vacuum: Piezo 
actuators, capacitive position sensors and flex-
ure guides. Furthermore, they need no lubri-
cant or grease for operation. 

The PICMA® piezo actuators in all PI nanopo-
sitioning systems are manufactured without 
polymers and, consequently, have particular-
ly low gas emissions. They can be baked out 
at up to 150°C. The materials used for vacu-
um positioning stages are aluminum alloys, 
stainless steels or titanium. The surfaces are 
not coated but electropolished. Vacuum cable 
insulation is made of PTFE or FEP (Teflon), on 
request also of polyimide (Kapton) or PEEK. 
The use of plastics and adhesives is reduced 
as far as possible. 

Vacuum Classification at PI

High vacuum (HV) 10-3 to 10-6 hPa

Ultrahigh vacuum (UHV)  10-7 to 10-9 hPa

1 hPa = 1 mbar

For a number of positioning stage series, 
PI offers UHV versions as catalog products. 
Design and manufacture for ranges beyond 
these limits are offered on request. The 
vacuum feedthroughs are not included in 
the scope of delivery and may be ordered 
separately, if required. 

This piezo six-axis stage was developed for Physika-
lisch-Technische Bundesanstalt (PTB), the German 
national metrology institute, as object slide in an atom ic 
force microscope (AFM); it is designed for use in UHV. 
The linear travel ranges are 12 μm × 12 μm × 10 μm; an 
active correction of the travel accuracy is possible by 
controlling the tilt axes. With a load of 300 g, it achieves 
a resonant frequency of over 2 kHz

Special Ambient Conditions

Magnetic Fields

PICMA® piezo actuators are excellently suited 
for being used in very strong magnetic fields. 
Piezo positioning systems can be manufactur-
ed without ferromagnetic materials. 

Piezomotors can also be used in magnetic 
fields, because they do not generate magnetic 
fields nor are they affected by them.

Low Temperatures

Piezo actuators show displacements to the 
cryogenic range. Special models of PICMA® 
actuators can be used down to -271°C but 
with a considerably reduced travel range. For 
designing a nanopositioning system, it is also 
important to select suitable materials and com-
ponents. 
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Sensor Technology for 
Nanopositioning Technology 

PI offers the widest range of high-dynamics 
and high-resolution nanopositioning systems 
worldwide. Their linearity and repeatability 
would not be possible without highest-resolu-
tion measuring devices. 

Accuracies in the range of a few nanometers 
and below require a position measurement 
method that can also detect motion in this ran-
ge. The most important specifications for selec-
ting a suitable method are linearity, resolution 
(sensitivity), stability, bandwidth and, last but 
not least, the costs. Another important factor is 
the ability to directly record the motion of the 
platform. The contact with the movable parts 
also affects the measuring result; therefore, PI 
uses noncontact measurement methods as far 
as possible. Furthermore, the sensors need to 
be small and may not heat up.

PI nanopositioning systems use three different 
types of sensors: Capacitive sensors and linear 
encoders for direct metrology as well as strain 
gauges for indirect position meas urement. 

The PIOne linear encoder is used in PI's high-resolution 
nanopositioning system, such as N-664. This linear 
positioner is driven by NEXACT® piezo linear motors 
and, depending on the motion controller, can achieve 
a position resolution of less than one nanometer at 
30 mm travel range

Measurements have confirmed the excellent repeata-
bility of the piezo positioning system with capacitive 
sensors with 1.4 nm (1 σ value) of standard deviation

Maximum Accuracy through Direct Metrology

When directly measuring positions with noncontact sensors, each change in position of 
the moving platform is directly captured by the controller relatively to the base body. 
There are no drive or guiding elements, which would affect the measurement, between 
measured point and moving platform. This method allows a bandwidth in kilohertz range, 
resolution in sub-nanometer range and excellent stability.
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Capacitive Sensors 

Nanopositioning systems from PI are driven 
by translation piezo actuators and have travel 
ranges of a few hundred micrometers up to 
one millimeter. Capacitive sensors achieve 
a position resolution in the sub-nanometer 
range, high stability and bandwidth, as well as 
the best linearity and accuracy.

Capacitive sensors from PI determine the 
distance between two plate electrodes without 
contact. An active guard ring electrode gene-
rates a homogenous field in the measurement 
area. This and the very precise parallel adjust-
ment of the two electrodes guarantees the best 
possible linearity of the sensor signals over 
the entire measuring range. These sensors are 
integrated in the nanopositioning system in 
such a way that no effects on size and mass 
(inertia) are to be expected. With a correspond-
ing arrangement, they directly detect the 
mo tion of the platform (direct metrology).

PISeca single-plate capacitive sensors meas-
ure against all kinds of conductive surfaces 
and are easier to handle mechanically, for 
example during installation or cable routing. 
Their employment is also more versatile, e.g. 
for detecting motions perpendicular to the 
direction of measurement. The quality of the 
sensor signals, however, strongly depends on 
the parallelism and condition of the surface 
measured. 

■ Noncontact absolute measurement of 
distance, motion and vibration

■ Measuring ranges from a few 10 μm to 
2 mm feasible

■ Only minimum heating, no scattered light

■ Direct metrology: Direct position measure-
ment of moving objects

Operating principle of a capacitive sensor. The capacitance C is proportional to the active 
sensor area A, d is the measuring range (distance from sensor to target surface), ε

0
 is 

constant, ε
r
 is the dielectric constant of the material between the plates, generally air.  

The measured quantity is the change in capacitance of the electric field. An active guard 
ring electrode generates a homogenous field in the measurement area

c = ε0 · εr ·  A
d

PISeca single-electrode capacitive sensors measure against all kinds of conductive sur-
faces and are easier to handle mechanically, for example during installation or cable 
routing. Their employment is also more versatile, e.g. for detecting motions perpendicu-
lar to the direction of measurement. The E-852 stand-alone processing electronics for 
PISeca only shows minimum noise and integrates a linearization system. All systems 
are calibrated at PI and optimized for the intended bandwidth and the measuring range

■ Vacuum compatible down to 10-9 hPa

■ Maintenance-free, no wear

■ High bandwidth up to 10 kHz

■ High temperature and long-term stability 
(<0.1 nm/3 h)

■ Invar versions for highest temperature stabi-
lity (5 × 10-6/K)

■ Compact one and two-electrode sensors, 
custom designs

■ Processing electronics in various configura-
tion levels, from analog OEM versions to a 
modular digital controller system that can be 
expanded at any time
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The sensor head of the PIOne contains a Mach-
Zehnder interferometer, which is moved along 
a linear scale. Sine and cosine signals are 
generated from the signals of the reflections 
at the grid. Additional interpolation accounts 
for the demonstrably small resolution of the 
system. The sensor head also generates a 
direction-sensing reference. The sensor head 
here measures 23 x 12 x 9.5 mm³. PIOne uses 
a patented technology.

■ Resolution to 20 picometer RMS; 
0.12 nanometer peak-to-peak

■ Velocities up to 0.5 m/s at maximum 
resolution

■ Compact dimensions 
23 mm × 12 mm × 9.5 mm

■ Sine, cosine or quadrature output signals

■ Low power consumption and low heat 
dissipation

■ Bakeout temperature up to 80°C

PIOne Linear Encoders: 
Small with Picometer Resolution

The capacitive measuring systems reach their 
limits with larger travel ranges: Either sensor 
areas become larger or resolution and line-
arity deteriorate. Nanopositioning system 
with pi ezomotors, which have travel ranges 
of several 10 millimeters, use linear encoders 
as posi tion sensors. These are incremental 
measur ing systems that consist of a scale and 
sensor head. The high-resolution linear sensor 
PIOne ensures a position resolution of far less 
than a nanometer with adequate processing of 
the measurement.

Noise measurement of a positioning system with the PIOne at 1 MHz bandwidth and 18-bit resolution of the sen-
sor input: 16 picometer RMS and 100 picometer peak-to-peak
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Indirect Position Measurement 
with Strain Gauge Sensors

Strain gauge sensors consist of a thin metal 
(SGS) or semiconductor foil (piezo-resistant, 
PRS), which is attached to the piezoceramics 
or, for improved precision, to the guiding 
system of a flexure stage. This type of posi-
tion measurement is done with contact and 
indirectly, since the position of the moving 

platform is derived from a measurement on 
the lever, guide or piezo stack. Strain gauge 
sensors derive the position information from 
their expansion. Full-bridge circuits with sever-
al strain gauge sensors per axis improve ther-
mal stability.

* The classifications refer to the characteristics of the nanopositioning system. The information on resolution, linearity and repeatability in the 
respective data sheet reflects the specifications of the overall system, including controller, mechanical system and sensor. They are tested using 
external measuring instruments (Zygo interferometer)

Direct Parallel Metrology: Multi-Axis 
Measurements using a Fixed Reference

A multi-axis stage design with parallel kinema-
tics allows you to use direct parallel metrolo-
gy, measuring all degrees of freedom of the 
moving platform in relation to a fixed refer-
ence. Unintended crosstalk of the motion into 
a different axis, e.g. as a result of an external 
force, can thus be detected and actively cor-
rected in real time. This so-called active guid-
ing can keep the deviation from the trajectory 
down to a few nanometers, even in dynamic 
operation.

Parallel-kinematic nanopositioning system with capacitive sensors, parallel-metrology 
arrangement and reduced inertia. The arrows show the signal flow from the sensor to the 
closed-loop control. Red: X axis, blue: Y axis

Sensor type
Sensitivity/
Resolution* Linearity*

Stability/ 
Repeatability Bandwidth*

Measurement 
method

Measurement 
range

Capacitive excellent excellent excellent excellent direct / noncon-
tact

<2 mm

Strain gauge 
sensors made of 
metal foil (SGS)

very good very good good very good
indirect / with 
contact

<2 mm

Piezoresistive 
strain gauge sen-
sors (PRS) 

excellent good average very good
indirect / with 
contact

<1 mm

Linear encoders excellent very good excellent very good
direct / noncon-
tact

up to >100 mm
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Precision Motion Control

OEM piezo controller card. The piezo control voltages 
are generated on-board, operation only requires a sta-
bilized voltage between 12 and 24 V

Closed-loop PI piezo controllers feature:

■ High linearity

■ Positioning with sub-nanometer accuracy

■ Excellent long-term stability

■ Noise approx. 1 mV (RMS value)

■ Low power consumption

■ Notch filter for higher bandwidth

■ Output voltages adapted to various piezo 
actuators and piezo drives

■ Analog interfaces for fast direct command-
ing in real time

■ Short-circuit strength

Flexible Controllers to Match the Mechanics

PI offers the world’s largest portfolio of precisi-
on motion technologies for positioning in the 
accuracy range from one micrometer down to 
below one nanometer. Fast settling or extreme-
ly smooth low speed motion, high positional 
stability, high resolution and high dynamics – 
the requirements placed on piezo mechanisms 
vary greatly and need drivers and controllers 
with a high degree of flexibility. PI provides a 
broad spectrum of piezo electronics from ver-
satile general purpose controllers to highly 
specialized devices. Units come in different 
levels of integration from customized OEM 
boards and a plug & play bench-top devices to 
modular controllers to scalable to almost any 
number of axes.

Piezo mechanisms directly respond to the 
smallest change in the drive voltage with a 
change in displacement. Response times of a 
few microseconds are possible, depending on 
the mechanical design and the performance of 
the piezo controller.

In static operation, i.e. when a certain position 
is held, the stability of the power supply is also 
decisive because piezo actuators react even to 
the minutest change in voltage with a motion. 
Therefore, noise or drifting must be avoided as 
much as possible.

This high-performance piezo controller delivers 
peak power of up to 6 kW. A digital interface 
module offers extended functionalities, such as 
data recorder and function generatordata reco
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The performance of a piezo mechanism not 
only depends on the mechanical design but 
also largely on the capabilities of its control-
ler. PI's low-noise, drift-free piezo amplifiers 
ensure optimum stability and resolution. High 
bandwidth allows for rapid response times and 
high scanning frequencies. 

Closed-loop position control compares the 
target position with the information provided 
by the position feedback sensor (actual value) 
and automatically compensates for nonlinear-
ity, hysteresis and drift.

The servo-control part of most analog piezo 
controllers manufactured by PI is identical: A 
proportional integral control loop specifically 
optimized for piezo operation. One or more 
adjustable notch filters considerably im prove 
usable bandwidth and dynamics because 
resonances are suppressed before they can 
affect the system stability. In digital controllers, 
optimized control algorithms further minimize 
settling times and increase bandwidth and sta-
bility. High-end closed-loop piezo positioning 
systems can achieve a repeatability down to 
the sub-nanometer range and bandwidths to 
10 kHz.

Block diagram of a typical closed-loop piezo controller

Advantages and Disadvantages of Position Control

Most precision positioning applications greatly benefit from closed-loop control. 
When maximum bandwidth is crucial, open-loop may be worth a consideration: 
A closed-loop controller always operates in the linear range of voltages and currents. Since 
the peak current is limited in time and is therefore nonlinear, it cannot be used for a stab-
le selection of control parameters. As a result, position control limits the bandwidth and 
does not allow for pulse-mode operation. In switching applications, it may not be possible 
to attain the necessary positional stability and linearity with position control. Open-loop 
op eration may be a better choice here with linearization obtained by means of charge-
controlled amplifiers or by numerical correction methods.

In closed-loop operation, the maximum safe operating frequency is also limited by the phase 
and amplitude response of the system. Rule of thumb: The higher the resonant frequency of 
the mechanical system, the higher the control bandwidth can be set. The sensor bandwidth 
and performance of the servo (digital or analog, filter and controller type, bandwidth) also 
limit the operating bandwidth of the positioning system.

Resolution in Closed-Loop and Open-Loop 
Control

Closed-loop piezo systems guarantee high-
er linearity and repeatability than open-loop 
systems. The position resolution of piezo 
actuators and flexure-based piezo mecha nisms 
is not limited by friction but influenced by elec-
trical noise at the sub-nanometer level. 

Because of the additional sensor and the servo 
circuit, the noise is slightly higher in closed-
loop operation compared to open-loop control, 
where only the piezo amplifier contributes to 
electrical noise. If high-quality components are 
used, sub-nanometer positional noise levels 
are possible in closed-loop operation. Capaci-
tive position sensors achieve the best resolu-
tion, linearity and stability.

Control
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DC-
Offset

Sensor
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Sensor
Gain

Sensor
Bandwidth

Range
Adjustment

Slew Rate Servo OFF
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PZT
Amplifier PZT

Out

Sensor
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Optimized Control Design Improves 
System Properties
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Controller Tuning

To optimize the system performance, infor-
mation about the application is required, such 
as the desired operating frequency, step-and-
settle, the size and weight of the payload, or 
the spring constant of a preload in relation to 
which the piezo actuator is operated. 

Highly dynamic, closed-loop nanopositioning system: A piezo scanner achieves 
the full travel range of 100 μm in only a few milliseconds

Standardized Measurements Logs: 
The Good Feeling When Your Expecta-
tions Are Met
Nanopositioning systems are an essential but 
costly component in applications. PI there-
fore individually tests and optimizes the stat-
ic and dynamic parameters of every system. 
The measurement log is delivered with the 
system. The customer can thus retrace the 
performance of the system at delivery and 
which system components belong together at 
any time.

PI continually invests in improving the testing 
methods and testing equipment in order to be 
able to supply systems of even higher quali-
ty. Closed-loop nanopositioning systems are 
tested exclusively with high-quality calibrat-
ed interferometers. The test laboratories are 
insulated against seismic, electromagnetic and 
thermal effects, temperature stability is better 
than 0.25°C in 24 hours. PI thus sets the stand-
ard in the testing and specification of nano-
positioning products.
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Modular, digital multi-axis controls with 
integrated coordinate transformation sim-
plify the operation of complex parallel-
kinematics systems, such as this Hexapod 
with NEXLINE® piezo stepping drives

Digital Controllers Provide Precision, 
Dynamics and Ease of Operation

Digital piezo controllers have several advan-
tages over analog servo circuits: Linearity and 
settling behavior can be specifically influenced 
by digital algorithms allowing much greater 
flexibility than analog circuits. The result is 
high er precision and better dynamic perfor-
mance.

Linearization of the Electronics

With digital servo controllers it is possible to 
upload calibration data quickly and remotely. 
PI piezo stages can store optimized parameters 
in an ID chip. With this combination, control-
lers and mechanics can be swapped without 
performance losses, because the controller 
recognizes the mechanics and reads specific 
linearization and calibration data when it is 
powered up.

Controllers and Servo Techniques

The task of a servo loop is to correct devia-
tions between the actual position and the tar-
get position. Commonly, this is done with P-I 
(proportional-integral) controllers. Depending 
on the application, however, advanced control 
techniques in combination with linearization 
algorithms can yield better results. Digital fil-
ters avoid undesired mechanical excitation, 
suppress noise and, with that, increase the 
resolution and system bandwidth.

Linearization of the Mechanical System

The linearity of the entire system is one cri-
terion for its positioning accuracy. Piezo actua-
tors typically show a nonlinearity of 10 to 15%, 
which has to be compensated by the control 
loop. Digital controllers use higher-order poly-
nomials to reduce the motion nonlinearity to 
values below 0.001%, which, for a typical travel 
range of 100 μm, corresponds to an accuracy 
of one nanometer and better.

Block diagram of a digital piezo servo controller
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Complex motion profiles can be generated, saved and 
implemented with the function generator

The standard interfaces for digital nanopositioning 
controllers are RS-232, USB and TCP/IP. Additionally, PI 
offers digital I/O lines, options for analog interfaces and 
real-time PIO

Elliptical scan (for laser micro bore appli-
cations) with an XY piezo scanning stage 
and conventional PID controller. The outer 
curve shows the desired position, the 
inner curve shows the actual motion

The same scan as before but with a DDL 
controller. The tracking error is reduced to 
a few nanometers, target and actual posi-
tion cannot be distinguished in the graph

Additional Functions of Digital Controllers

Computing power and memory size which go 
hand in hand with digital controllers allow useful 
additional functions to be implemented.

■ Software access to all motion parameters 
and the graphic display of the results

■ Coordinate transformation for parallel kine-
matics for simple control in Cartesian coor-
dinates

■ Macro memory to store and retrieve 
mo tions which can be triggered externally

■ Function generator and waveform memory 
for the retrieval of predefined trajectories 
and the generation of customized wave-
forms

■ Data recorders record sensor and control 
data for subsequent processing

■ The ID chip permits the flexible exchange 
of controllers and nanopositioners without 
the need to retune the operational param-
eters

Not all controllers provide the above-listed 
functions. The individual ranges of functions 
are listed in the relevant datasheets.

Dynamic·Linearization: Following a Moving 
Target

Dynamic digital linearization (DDL) reduces the 
dynamic tracking errors of periodic trajec tories. 
This is relevant for scanning applications, 
where a specific position must be identified 
on the fly and later be approached with high 
precision, or for applications where a trajectory 
must be followed at very high speed with mini-
mum deviation for processing steps.
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Motion Control Software from PI
Effective and Comfortable Solutions

All digital controllers made by PI are accompa-
nied by a comprehensive software package. PI 
supports users as well as programmers with 
detailed online help and manuals which ease 
initiation of the inexperienced but still an swer 
the detailed questions of the professional. 
Updated software and drivers are always 
available to PI customers free of charge via 
the Internet.

PI software covers all aspects of the application 
from the easy start-up to convenient system 
operation via a graphical interface and fast and 
comprehensive integration in customer written 
application programs.

Supported Operating Systems

■ Windows XP (SP3)

■ Windows VISTA

■ Windows 7 32/64 bit

■ Linux 32/64 bit

■ Windows 8 32/64 bit

Nanopositioning
S U B - N A N O M E T E R  R E S O L U T I O N

Micropositioning
L O N G  T R A V E L  R A N G E S

Parallel Kinematics
U P  T O  6  D E G R E E S  O F  F R E E D O M

Drive Technology
D C ,  S T E P P E R ,  P I E Z O ,  M A G N E T I C

GCS
M O T I O N  C O N T R O L

Universal Command Set Simplifies 
Commissioning and Programming

PI developed the PI General Command Set 
(GCS) that is used to control all nano- and 
micro-positioning systems regardless of the 
drives and motion controllers used. GCS with 
its many preprogrammed functions accelerates 
the orientation phase and the application devel-
opment process significantly while reducing 
the chance of errors, because the commands 
for all supported devices are identical in syntax 
and function.
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PIMikroMove Software Ensures Rapid 
Start-Up

PIMikroMove is PI’s convenient graphical user 
interface for any type of digital controller and 
positioning system, regardless of whether 
piezo electric, linear motors, or classical elec-
trical motor drives are used and independent 
of the configuration and number of axes.

All connected controllers and axes are dis-
played and controlled consistently with the 
same graphical interface. For a multi-axis 
application, various controllers can be used 
and commands can still be issued via PIMikro-
Move in the same window. Two or more inde-
pendent axes can be controlled by the position 
pad using a mouse or joystick; Hexapod six-
axis positioning systems are also displayed 
graphically.

Macro programs simplify repetitive tasks for 
example in automated processes. The macros 
are created as GCS command sets that can be 
executed directly on the controller, e.g. as a 
start-up macro that allows stand-alone opera-
tion; they can also be processed by the host PC.

Scan and align algorithms can record analog 
values, e.g. the output of a power meter as a 

function of position for later evaluation with 
external software. They can also automatically 
find the global maximum of, for example, the 
coupling efficiency of optical devices. 

Depending on the specific controller, PIMikro-
Move supports a number of additional func-
tions. A data recorder can record system para-
meters and other variables during motion for 
later analysis. 

Optimizing System Behavior

When the mechanical properties of a position-
ing system are changed, e.g. by applying a 
different load, motion control parameters often 
need to be adapted. PI software provides tools 
for optimization of the system response and 
stability. Different parameter sets can be saved 
for later recall, also accessible from custom 
application programs.

Convenient operation and performance optimization 
with PI software: The parameter setting tool shows 
the frequency response of a nanopositioning stage in 
Bode plot

The flexibly configurable data recorder records data, 
such as position, sensor signal or output voltage in 
relation to time
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Motion Control Software from PI
Fast Integration of PI Controllers in Third-Party Programming Languages and 
Software Environments

Currently, many applications are produced 
in LabVIEW, e.g. in measuring and control 
technology and automation engineering. PI 
pro vides complete LabVIEW drivers sets to 
facilitate programming. A controller-specific 
Configuration_Setup VI is integrated at the 
start of the LabVIEW application and includes 
all system information and initiation steps 
required for start-up. The application itself is 
implemented with controller-independent VIs.

In case of a controller change or upgrade, it is 
usually only necessary to exchange the Con-
figuration_Setup VI , whereas the application-
specific code remains identical due to the con-
sistent GCS command set structure.

The driver set includes many specific program-
ming examples, e.g. comprehensive scan and 
align routines that can be used as template for 
customer-specific programs. Moreover, the 
open source code of many VIs allows for rapid 
adaptation to the user needs.

Flexible Integration in Text-Based Program-
ming Languages

The integration of PI positioning systems in 
text-based programming languages under 
Microsoft Windows or Linux is simplified by 
program libraries and exemplary codes.

These libraries support all common program-
ming languages and all PI positioning systems, 
allowing the PI GCS command set functions to 
be integrated seamlessly in external programs.

Third-Party Software Packages

Drivers for the PI GCS commands have now 
been integrated in many third-party software 
packages. This allows for the seamless integra-
tion of PI positioning systems in software suites 
such as MetaMorph, μManager, MATLAB and 
ScanImage. Moreover, EPICS and TANGO 
drivers are available for integration into ex -
periments of large-scale research facilities. 
The drivers for μManager, MATLAB and a large 
part of the EPICS drivers are being developed 
and serviced in-house by PI.

Supported Languages and Software 
Environments

■ C, C++, Python, Visual C++, Visual
Basic, Delphi

■ LabVIEW, MATLAB, μManager, EPICS, 
TANGO, MetaMorph

■ and all programming environments 
that support the loading of DLLs
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Service

The scope of delivery of a PI system consisting 
of controller and stage includes everything 
required for its operation.

■ External power supplies

■ All power, communication and system cab-
les

■ The comprehensive user manual in printed 
form

■ Software CD with set-up function

When developing the instruments, top priori-
ty is given to the use of state-of-the-art com-
ponents. This ensures a long availability and 
replaceability of the systems even beyond the 
product lifecycle. All positioning systems from 
PI’s standard range fulfill the CE and RoHS pro-
visions.

Customized product developments and adap-
tations are an important part of our technical 
progress.

We offer you:

■ The complete range of our product spec-
trum from electronic components and com-
plete devices as an OEM circuit board 
through to the modular encased system

■ Production of small batches and large 
series

■ Product development according to special 
product standards (national or market-spe-
cific standards such as the German Medical 
Device Act, for example) and the corre-
sponding certification

■ Adaptation of the systems to special envi-
ronmental conditions (vacuum, space, 
clean room)

■ Copy-exactly agreements

The current versions of firmware, software 
and user manuals are available on the internet 
free of charge. Firmware updates can easily be 
carried out via the standard interfaces of the 
controller. PI offers comprehensive software 
support. PI software is included in the scope 
of delivery for digital equipment and is used 
to start up the system and also to analyze and 
optimize the system’s behavior. DLLs, Lab-
VIEW drivers or the support of MATLAB make 
it easier to program the system.
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Glossary

Amplifier classification

PI uses the following amplifier classifications: 
Charge-controlled, switched (class D), linear. 

Amplifier resolution

Only for digitally controlled amplifiers: Measu-
rement of the smallest digital output value (LSB) 
in mV. 

Average current
For multi-axis controllers, it is specified per 
channel. Measured value. It is available reliably 
over a longer period.

Bandwidth
Measured value. The frequency in kHz, with 
which the amplitude decreased by -3 dB, is spe-
cified. Large signal values: With maximum out-
put voltage. Small signal values: With output 
voltage of 10 V

pp
. The values are displayed in the 

amplifier operating diagram.

Capacitive base load (internal)
For switching amplifiers. Stabilizes the output 
voltage even without connected capacitive load 
(piezo actuator). The possible output power of a 
piezo controller/driver depends on internal and 
external capacitive loads. 

Control input voltage range
Also input voltage; for piezo controller/driver. 
Recommended range from -2 to 12 V. The usual 
gain value of 10 V leads to an output voltage of 
-20 to 120 V. Most PI controllers allow for a input 
voltage range of -3 to 13 V. 

Current consumption
Current consumption of the system on supply 
end. It is specified for controller without load. 
Alternatively, power consumption.

Current limitation
Short-circuit protection.

Drive type
Defines the types of drive supported by the con-
troller/driver, such as DC motors, piezo stepping 
drives, piezo actuators.

Dynamic resolution
For capacitive sensors. Measured in the nominal 
measuring range, bandwidth see data table. See 
static resolution.

Encoder input
Maximum bandwidth (-3 dB) of the input signals 
for the encoder input.

Input level
Permissible input level for digital interfaces.

Limit switches
Function: Optical, magnetic.

Linearity error
Value gained with external, traceable measuring 
device. Defines the maximum deviation from an 
ideal straight motion. The value is given as a 
percentage of the entire measuring range. The 
linearity error does not influence the resolution 
or repeatability of a measurement.

Measurement of the linearity error: The target 
and measured actual values of the positions are 
plotted against each other, a straight line is 
drawn through the first and last data point, and 
the maximum absolute deviation from this 
straight line is determined. A linearity error of 
0.1% corresponds to an area of ±0.1% around 
the ideal straight line. Example: A linearity error 
of 0.1% over a measuring range of 100 μm pro-
duces a possible maximum error of 0.1 μm.

Linearization
Integrated method, e.g. ILS, polynomials to the 
nth degree, sensor linearization.

Measurement range extension factor
For capacitive sensors, used by PI.

Noise
For capacitive sensors. In extended measure-
ment ranges, noise is considerably higher than 
in the nominal measurement range.

Operating limits
Values measured at an ambient temperature of 
20°C. A sine is used as control signal in open-
loop operation. The amplifier works linearly 
within the operating limits, in particular without 
thermal limitation.

Operating temperature range
In any case, the device can be operated safely in 
the maximum permissible temperature range. 
To avoid internal overheating, however, full load 
is no longer available above a certain tempera-
ture (maximum operating temperature under 
full load).

Operating voltage
Allowed control input voltage range (also input 
frequency) for the supply of the device.

Output voltage
The output voltage of piezo controllers shows 
variations of only a few millivolt and is particu-
larly stable in the long term.

Overtemperature protection
Switch-off temperature for voltage output. No 
automatic restart.

Peak current
Only available for very short times, typically 
under a few milliseconds. It is used to estimate 
the possible dynamics with a certain capacitive 
load. Note: In this case, the piezo controller/
driver does not necessarily work linearly.

Power consumption
Maximum power consumption under full load.

Profile Generator
Linear interpolation, point-to-point, trapezoid, 
double bends. For several axes: Electronic gea-
ring.

Reference point switch
Function: Optical, magnetic.

Resolution
Position resolution relates to the smallest 
change in displacement that can still be detected 
by the measuring devices. The uncontrolled 
resolution in piezo nanopositioning systems and 
piezo actuators is basically unlimited because it 
is not limited by static or sliding friction. Instead, 
the equivalent to electronic noise is specified.

Rise time
Time constant of the controller/driver. Time 
required for increasing the voltage range from 
10% to 90%.

Ripple, noise, 0 to 100 kHz
Ripple of voltage in mV

pp
 with unique frequency. 

Noise over the entire frequency range.

Sensor bandwidth
Measured value. The frequency, with which the 
amplitude decreased by -3 dB, is specified.

Sensor resolution
The sensor can be the critical element in positi-
on resolution, for this reason the sensor resolu-
tion can be specified separately if necessary. 

Static resolution
For capacitive sensors. Measured with a band-
width of 10 Hz, nominal measuring range.

Suggested capacitive load
For switching amplifiers. The possible output 
power of a piezo controller/driver depends on 
internal and external capacitive loads.
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Piezo Drives 

Products Pages 102 – 125

Fundamentals of Piezo Technology Pages 126 – 157
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Piezomotors 
Integration Examples of Piezo Linear Motors

PILine® motors act on an annular runner, producing a rapid 
rotary motion, e.g. for this Leica TS30 total station for auto-
mated angle and distance measurement at high accuracy 
and reliability (Photo: Leica Geosystems)

P I E Z O  D R I V E S  |  W W W. P I . W S

1 0 0




















































































































































































































































































































































