
PI nano™
Nanopositioning Systems for Super-Resolution Microscopy



Piezo • Nano • Positioning

Low-Profile, Low-Cost Nanopositioning Systems for Super-Resolution Microscopy

P-545 PI nano™ XYZ / PI nano™ XY Piezo Stage Systems

Long Travel, Low Profile,
Optimized for Microscopy
PI nano™ XY and XYZ low-pro-
file piezo scanning stages are
optimized for easy integration
into high-resolution micro-

scopes. They feature a very low
profile of 20 mm (0.8") and a
large aperture designed to hold
Petri dishes and standard slide
holders. The long travel ranges
of up to 200 x 200 x 200 μmwith
nanometer closed-loop resolu-
tion are ideal for leading-edge

microscopy and imaging appli-
cations.

Cost Effective Design,
High Performance

PI nano™ series piezo position-
ing stages are designed to pro-
vide high performance at
minimum cost. For highly-sta-
ble, closed loop operation,
piezoresistive sensors are ap-
plied directly to the moving
structure and precisely meas-
ure the displacement of the
stage platform. The very high
sensitivity of these sensors pro-
vides optimum position stabil-
ity and responsiveness as well
as nanometer resolution. A pro-
prietary servo controller signifi-
cantly improves the motion
linearity compared to conven-
tional piezoresistive sensor
controllers.

High Reliability and
Long Lifetime

The compact P-545 systems are
equipped with preloaded PIC-
MA® high-performance piezo
actuators which are integrated
into a sophisticated, FEA-mod-
eled, flexure guiding system.
The PICMA® actuators feature
cofired ceramic encapsulation
and provide better performance
and reliability than conven-
tional piezo actuators. Actua-
tors, guidance and sensors are
maintenance-free, not subject
to wear and offer extraordinary
reliability.

� Low Profile for Easy Integration: 20 mm (0.8'')
� Up to 200 x 200 x 200 µm Travel Ranges
� Large Clear Aperture for 3 x 1'' Slides
� Recessed Sample Holders for Maximized Utility Available
� Outstanding Lifetime Due to PICMA®Piezo Actuators
� Cost-Effective Design due to Piezoresistive Sensors
� Compatible w/ Leading Image Acquisition Software Package
� Closed-Loop Control for High Repeatability and Accuracy
� Millisecond Step Time, Ideal for Super-Resolution Microscopy
� 24-Bit Controller w/ USB, Ethernet, RS-232 Interface

and Analog Control
� Available Manual Long-Travel Stage with Motor

Upgrade Option

Application Examples

� Super-resolution
microscopy

� 3D Imaging

� Laser technology

� Interferometry

� Metrology

� Biotechnology

� Screening

� Micromanipulation

PI nano™series nanopositioning stages feature a very low profile of 20 mm (0.8),
a large aperture for 3 x 1'' slides and deliver highly accurate motion with

sub-nanometer resolution in up to 3 axes. Slide / petri dish holders optional

Ordering Information

P-545.2R7
PI nano™ XY Nanopositioning Sys-
tem, Aperture for 3 x 1" Microscope
Slides, 200 x 200 μm, Piezoresistive
Sensors, with USB Controller

P-545.3R7
PI nano™ XYZ Nanopositioning
System, Aperture for 3x1" Micro-
scope Slides, 200 x 200 x 200 μm,
Piezoresistive Sensors, with USB
Controller

Accessories

M-545.2MO
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Olympus
Microscopes

M-545.2MN
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Nikon
Microscopes

M-545.2ML
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Leica
Microscopes

M-545.2MZ
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Zeiss
Microscopes

P-545.PD3
35mm Petri Dish Holder for P-545
PI nano™ XY Nanopositioning
Systems

P-545.SH3
25 x 75mm Slide Holder for P-545
PI nano™ XY Nanopositioning
Systeme

P-545.PP3
Plain Plate for Accessories for P-545
PI nano™ XY Nanopositioning
Systems

Additional accessories on request.

Ask about custom designs!
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Background: the piezo controller
is included and comes with a 24-bit

resolution USB port as well as ethernet,
RS-232 and analog interface.

Foreground: The optional M-545 manual
XY stage provides a stable

platform for the PI nano™ piezo stages.
Custom stage version shown
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Technical Data

Model P-545.2R7 P-545.3R7 Unit Tolerance

Active axes X, Y X, Y, Z

Motion and positioning

Integrated sensor piezoresistive piezoresistive

Closed-loop travel 200 x 200 200 x 200 x 200 μm

Closed-loop resolution* 1 1 nm typ.

Linearity ±0.1 ±0.1 % typ.

Repeatability < 5 < 5 nm typ.

Mechanical properties

Push/pull force capacity 100 / 30 100 / 30 N max.

Load 50 50 N max.

Drive properties

Ceramic type PICMA® P-885 PICMA® P-885

Electrical capacitance 6 6 (X, Y), 12 (Z) μF ±20%

Miscellaneous

Operating temperature range -20 to 80 -20 to 80 °C

Material Aluminum Aluminum

Mass 1 1.2 kg ±5%

Cable length 1.5 1.5 m ±10 mm

Sensor / voltage connection Sub-D, 25 pin Sub-D, 25 pin

Piezo controller (included in delivery) E-545 E-545

* Resolution of PI Piezo Nanopositioners is not limited by friction or stiction. Value given is noise equivalent motion measured with interferometer.

Accessories: Slide holder (above) and Petri dish
holder (below), dimensions in mm P-545 dimensions in mm

Due to its low profile height,
the PI nano™ stage can easily be

integrated into microscopy setups
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3-Channels with USB & TCP/IP Interface

E-545 PI nano™ Piezo Controller

The E-545 controller is ideally
suited for the PI nano™ stage 
series P-545 for super-resolu -
tion microscopy. The controller
meets all demands for this appli-
cations and provides useful addi-
tional functionality. 

USB Interface

The microprocessor controlled
interface is equipped with low-
noise, 24-bit D/A converters and
can be controlled through three
digital interfaces: TCP/IP, USB
and RS-232. 

Alternatively, stand-alone opera-
tion is possible by uploading
macro command sequences to
the internal non-volatile mem-
ory. 

Wave Generator

The integrated wave generator
can output periodic motion pro-

files. In addition to sine and tri-
angle waves, arbitrary, user-de-
fined motion profiles can be
created and stored.

Extensive Software Support

The controllers are delivered
with Windows operating soft-
ware. Comprehensive DLLs,
LINUX and LabVIEW drivers are
available for automated control.

� Low-Noise 24-bit D/A Converter 
� Sample Rate 25 kHz 
� Linearization for Piezoresistive Sensors
� Notch Filter for Higher Bandwidth 
� TCP/IP, USB and RS-232 Interfaces 
� 3 x 14 W Peak Power
� Wave Generator with Programmable Trigger-I/O

Ordering Information

E-545.3RD
Multi-Channel Piezo Controller 
with High-Speed, 24 bit USB, 
TCP/IP & RS-232 Digital Interfaces,
and analog interface, 3 Channels,
Piezoresistive Sensors, Sub-D 
Connector

Technical Data

Model E-545.3RD

Function Piezo Servo-Controller for PI nano™ stages

Axes 3

SSeennssoorr

Servo characteristics P-I (analog), notch filter

Sensor type Piezoresistive sensors

AAmmpplliiffiieerr

Min. output voltage -20 to 120 V

Peak output power, < 5 ms 14 W 

Average output power 6 W

Peak current, < 5 ms 140 mA 

Average current 60 mA

Current limitation Short-circuit-proof

Voltage gain 10 ±0.1

IInntteerrffaacceess  aanndd  ooppeerraattiioonn

Interface / communication Ethernet (TCP/IP), USB, RS-232

Piezo system connector Sub-D 25

Command set PI General Command Set

User software PIMikroMove™

Supported functionality Wave generator, data recorder, macro programming

MMiisscceellllaanneeoouuss

Operating temperature range +5 to +50 °C

Overheat protection Deactivation at 85°C

Operating Voltage 12 to 30 V DC, stabilized

Current consumption 2 A

4

E-545 PI nano™ series nanopositioning stage controller 



Long-Range Motion for Sample Positioning

M-545 Open-Frame Microscope Stage

The M-545, 25 x 25 mm micro-
scope stage, is designed to pro-
vide a stable platform for piezo
scanning stages of the P-545 PI
nano™ series. These high-speed,
high-resolution XY / XYZ piezo
stages allow nanometer-preci-
sion adjustment of the specimen
holder in up to three dimensions
over 200 μm. The M-545 is also
compatible with the following
capacitive-feedback type piezo
stages: P-733, P-5x7, P-5x8, P-54x
and P-56x (s. p. 2-72).
The basic M-545 model is
equipped with manual microme-
ters.

Motorizing for
Automated Tasks
The M-545 XY-stage can be sup-
plemented with motorized actu-
ators M-229 (s. p. 1-44). The
product number M-545.USC
comprises the complete package
of two stepper linear actuators
with controller and joystick.
M-545.USG includes two stepper
linear actuators with mounting
hardware.

� Stable Platform for P-545 PI nano™
Piezo-Nanopositioniersysteme

� Low Profile for Easy Integration: 30 mm
� 25 mm x 25 mm Travel Range
� Micrometer Screws, Motor Upgrade Available
� For Nikon, Zeiss, Leica and Olympus Mikroscopes

Ordering Information

M-545.2MO
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm,
for Olympus Microscopes

M-545.2MN
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Nikon
Microscopes

M-545.2ML
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Leica
Microscopes

M-545.2MZ
PI nano™ Manual XY Open-Frame
Stage, 25 x 25 mm, for Zeiss
Microscopes

Versions for other microscopes on
request.

Accessories

M-545.USC
Upgrade Kit with Stepper-Mikes,
Controller and Joystick for M-545
PI nano™ Manual XY Open-Frame
Stage

M-545.USG
Upgrade Kit with Stepper-Mikes,
for M-545 PI nano™ Manual XY
Open-Frame Stage

M-545.SHP
Adapter Plate for Sample Holders
for M-545 PI nano™ Manual XY
Open-Frame Stage

Accommodates the following PI
nanopositioning stage series:
P-517/518/527/528, P-541/542, P-560
PIMars™ and P-545 PI nano™

Adapter available for P-733 nanopo-
sitioners:

P-733.AP1
Adapter Plate for Mounting of
P-733 Stages on M-545 PI nano™
Manual XY Open-Frame Stage

Additional accessories on request.

Ask about custom designs!

M-545.2MO, M-545.2MN dimensions in mm.
Mounting adapters for Olympus and Nikon microscopes
respectively included in delivery
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M-545 manual XY microscopy stage with 25 x 25 mm
travel shown with optional PI nano™ piezo nanopositioner
(200 μm motion in X, Y und Z) on top. The M-545 stage was
designed to provide a stable basis for piezo stages, especially
when the highest step-and-settle performance is required

M-545.2ML dimensions in mm

Piezo • Nano • Positioning
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� Low 27-mm-profile
� Velocity 100 mm/s
� Large Clear Aperture to Accomodate Specimen Holders or 

P-737 PIFOC® Specimen-Focusing Z-Stage
� Travel Range 25 x 25 mm, 130 x 85 mm or 225 x 85 mm
� Up to 7 N Force Generation
� Direct Metrology Linear Encoder with 0.2 µm Resolution
� PILine® Ceramic Motors: Non-Magnetic and Vacuum-

Compatible Working Principle
� Self Locking at Rest

Low Profile and High Velocity with PILine® Ultrasonic Piezo Motors

M-686K Customized Long-Range Positioner / Scanner

� Miniature Design
� Optical Beam Deflection to 120 mrad (~ 6.8°)
� Coplanar Axes & Fixed Pivot Point Eliminate Polarization Rotation
� Factory Installed Mirror 
� Millisecond Response, Resolution to 0.5 µrad
� Closed-loop Position Servo-Control for High Accuracy
� For Mirrors up to  12.5  mm (0.5”) Diameter
� Frictionless, High-Precision Flexure Guiding System
� Parallel Kinematics for Enhanced Dynamics and Better 

Multi-Axis Accuracy

Fast Steering Mirror with up to 120 mrad Deflection

S-334 Miniature Piezo Tip / Tilt-Mirror

� High-Speed Piezo Z-Motion with Travel Ranges up to 500 µm
� Resolution in the Nanometer Range
� Clear Aperture to Accomodate Specimen Holders
� Perfect Mechanical Fit with XY OEM  Manual or 

Motorized Stages
� Sub-Millisecond Response Times

Low-Profile, Long-Range Piezo Z Nanopositioner for Microscopy Samples

P-737 PIFOC® Well Plate Scanner / Specimen-Focusing Z Stage

P-737 piezo Z-stage 
for high-resolution microscopy

Cusomized M-686 microscopy 
stage with 225 x 85 mm travel and PILine®

ultrasonic piezo motors 
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High-Precision Positioner / Scanner for Microscope Objectives

P-725 PIFOC® Long-Travel Objective Scanner

� Travel Ranges to 460 µm
� Significantly Faster Response and Higher Lifetime than 

Motorized Z-Stages
� Scans and Positions Objectives with Sub-nm Resolution
� Direct Metrology with Capacitive Sensors for Highest Linearity 
� Parallel Precision Flexure Guiding for Better Focus Stability
� Compatible with Metamorph™ Imaging Software
� Outstanding Lifetime Due to PICMA® Piezo Actuators
� QuickLock Adapter for Easy Attachment

P-725.2CL with QuickLock 
option P-721.12Q for 

W0.8 x 1/36” threads and 
objective (QuickLock 

adapter and objective not included)

Technical Data

Model P-725.1CL P-725.2CL P-725.4CL Units
P-725.1CD P-725.2CD P-725.4CD

Active axes Z Z Z

Closed-loop travel 100 250 400 µm

Closed-loop resolution 0.65 0.75 1.25 nm

Linearity, closed-loop 0.03 0.03 0.03 %

Unloaded resonant frequency 470 330 230 Hz

Resonant frequency @ 150 g 185 140 120 Hz

� Positioning and Scanning of Microscope Turrets
� Direct-Metrology Capacitive Sensors for Highest Linearity, 

Stability and Control Dynamics
� Frictionless, High-Precision Flexure Guiding System for 

Better Focus Stability
� Outstanding Lifetime Due to PICMA® Piezo Actuators

Compact Design, Sub-Nanometer Resolution

P-721K PIFOC® Nosepiece Nanopositioner

Model Travel Closed-loop / Resonant frequency Dimensions

open-loop (fully loaded)

resolution

P-721KTPZ 80 µm 10 / 0.5 nm 215 Hz 44.5 x 42 x 53 mm
Turret-PIFOC® (W x L x H)

P-721KTPZ Compact 
Nosepiece Nanopositioner

� Integrated 24-Bit USB Interface
� Network Capability with up to 12 Channels
� 12 W Peak Power
� Position Control with Strain Gauge or Capacitive Sensor
� Notch Filter for Higher Bandwidth
� Table for User-Defined Curves
� Additional Analog Interface

Compact Bench-Top Device with High-Speed Interface

E-625 Piezo Servo-Controller & Driver

E-625.CR compact 
piezo servo-controller

7
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Products and Technologies 

� Nanopositioning/Scanning Stages 

� Scanning Microscopy Stages

� Steering Mirrors, Mirror Shifters

� Piezo Actuators 

� Piezo Motors

� Piezo Controllers

� Motorized Stages & Actuators 

� Motor Controllers

� Hexapod 6-Axis Alignment Systems

Fields of Applications

� Biotechnology/Life Sciences

� Semiconductor Technology

� Data Storage Technology

� Nanotechnology

� Aeronautics

� Astronomy

� Adaptive Optics

� Metrology / Laser-Systems

� Precision Machining

Request or download the complete
hardbound catalog 

“Piezo Nano Positioning 
Inspirations“ 

Headquarters
GERMANY

Physik Instrumente (PI)
GmbH & Co. KG
Auf der Römerstr. 1
76228 Karlsruhe/Palmbach
Tel: +49 (721) 4846-0 
Fax: +49 (721) 4846-100
info@pi.ws · www.pi.ws

Direct Offices

JAPAN

PI Japan Co., Ltd.
Akebono-cho 2-38-5
Tachikawa-shi
Tokyo 190
Tel: +81 (42) 526 7300
Fax: +81 (42) 526 7301
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
Tel: +81 (6) 6304 5605
Fax: +81 (6) 6304 5606
info@pi-japan.jp
www.pi-japan.jp

CHINA

Physik Instrumente 
(PI Shanghai) Co., Ltd.
Building No. 7-301
Longdong Avenue 3000
201203 Shanghai, China
Tel: +86 (21) 687 900 08
Fax: +86 (21) 687 900 98
info@pi-china.cn
www.pi-china.cn

FRANCE

PI France S.A.S.
32 rue Delizy
93694 Pantin Cedex
Tel: +33 (1) 57 14 07 10
Fax: +33 (1) 41 71 18 98
info@pifrance.fr
www.pifrance.fr

PI Ceramic GmbH
Lindenstr.
07589 Lederhose
Tel: +49 (36604) 882-0
Fax: +49 (36604) 882-25
info@piceramic.de
www.piceramic.de

USA (East) & CANADA

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

USA (West) & MEXICO

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

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
uk@pi.ws
www.physikinstrumente.co.uk

ITALY

Physik Instrumente (PI) S.r.l.
Via G. Marconi, 28
20091 Bresso (MI)
Tel: +39 (02) 665 011 01
Fax: +39 (02) 873 859 16
info@pionline.it
www.pionline.it
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Call or go to: http://www.pi.ws
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