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Piezo Stages & Piezo Objective Scanners


Tools for Microscopy & Imaging

� Scans and Positions Objectives with Sub-nm Resolution
� High Linearity and Stability with Direct-Measuring Sensors
� Travel to 100 µm, Fast Settling Time
� Very Straight Motion for Enhanced Focus Stability
� Ask about DIC Prism Holder Option
� Compatible with Metamorph™ Imaging Software
� Quick Lock Adapter for Easy Attachment

� Scans and Positions Objectives with Sub-nm Resolution
� High Linearity and Stability with Direct-Measuring Sensors
� Travel to 460 µm, Fast Settling Time
� Frictionless Precision Flexure Guiding System
� Enhanced Guiding Precision for Better Focus Stability
� Ask about DIC Prism Holder Option
� Controller Compatible with Metamorph™ Imaging Software


� Resonant Frequency: 430 Hz (with 300g), 1100 Hz Without Objective
� Closed-Loop Position Noise: <0.4 nm
� Position Stability Over 100s: 4nm
� Maximum Operating Frequency (amplitude <10 µm): 150 Hz
� Settling Time (10 µm steps): 6 ms

� High-Speed Piezo Motion with Travel Ranges to 500 µm

� Nanometer Resolution
� Large Clear Aperture to Accommodate Specimen Holders
� Perfect Mechanical Fit to OEM Manual or Motorized Stages
� Sub-Millisecond Response Times

 � Quick Lock Adapter for Easy Attachment

P-725 PIFOC® Long-Range, High-Speed Nanofocusing Z-Drives 

P-726 High-Power PIFOC® Nanofocusing Z-Drives 

P-721.CLQ PIFOC® High-Speed Nanofocusing/Scanning Z-Drives 

See p. 5 or Online Datasheet Available at www.pi.ws

See p. 9 or Online Datasheet Available at www.pi.ws

See p. 11 or Online Datasheet Available at www.pi.ws

See p. 12 or Online Datasheet Available at www.pi.ws

P-737 PIFOC® Z-Axis Microscopy Piezo Stage for High-Resolution Sample Positioning and  Scanning 
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Piezo Stages & Piezo Objective Scanners


Tools for Microscopy & Imaging

P-733.2UD Non-Magnetic XY Scanning Stage for UHV to 10-9 hPa

� Low Profile for Easy Integration
� Higher Speed Through Direct Drive

� Travel to 200 x 200 µm or 30 x 30 High-Speed Version 
� Frictionless Precision Flexure Guiding System
� Parallel-Kinematics/Metrology for Enhanced Responsiveness/Multi-Axis Precision

� 80 x 80 mm or 50 x 50 mm Clear Aperture

� PICMA® High-Performance Piezo Actuators for Superior Lifetime


� Ideal for Interlacing, CCD Resolution Enhancement
� Compact Size of only 45 x 45 x 6 mm

� Clear Aperture

� Highly Cost-Efficient Design

� 15 x 15 µm Travel Range
� Parallel-Kinematics Design for Higher Dynamics

� Travel Ranges of 100 x 100 µm
� Resolution to 0.1 nm
� Direct Metrology with Capacitive Sensors 

� Parallel Kinematics for Better Multi-Axis Accuracy and Dynamics

� Parallel-Motion Metrology for Highest Linearity and Stability
� 50 x 50 mm Clear Aperture for Transmitted-Light Applications






P-541.2CD and P-733.2DD Low-Profile, XY Piezo Scanning Microscopy Stages  

P-714 Low-Profile OEM XY Piezo-Scanners for Imaging Applications 


M-686 PILine® XY Piezo Linear-Motor Stage

See p. 14 or Online Datasheet Available at www.pi.ws

See pp. 16-25,  or Online Datasheet Available at www.pi.ws

See p. 26 or Online Datasheet Available at www.pi.ws

See p. 22 or Online Datasheet Available at www.pi.ws

� Integrated Closed-Loop Piezomotor Drives Provide High Speed to 100 mm/s

� Travel Ranges 25 x 25 mm 
� Integrated Linear Encoders with 0.1 µm Resolution

� Compact Design: 32 mm Profile Height, 170 x 170 mm Footprint

� Clear Aperture 78 x 78 mm, 66 x 66 mm in Extreme Position
� Self-Locking at Rest

� Compatible with PI Piezo Nanopositioning / Scanning Stages
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Piezo Stages & Piezo Objective Scanners


Tools for Microscopy & Imaging

E-761 Digital Piezo Controller PCI Board for Piezo Stages


� Ultra-High-Performance Closed-Loop Scanner for AFM/SPM 
� Compact Manipulation Tool for Nanotechnology
� Resonant Frequency 9.8 kHz
� Ultra-High-Precision Capacitive Feedback 
� 50 Picometers Resolution, 5 x 5 x 5 µm Travel Range
� Very Small Package, Rugged Design




� Standard Custom Sizes
� For OEM Applications 
� XYZ-Positioning 
� Sub-Nanometer Resolution
� For Scanning Microscopy (STM, AFM, etc.) 


� Analog & 20-Bit High-Speed Digital Interface
� SGS, LVDT and Capacitive Sensor Servo-Control
� Wave Table for User-Defined Curves

� Network Capability with up to 4 or up to 12 Channels
� GCS (General Command Set) Compatible

� For Piezo Stages with Capacitive Sensors

� High-Speed PCI Interface

� 3 Logical Axes, 4 Piezo Amplifiers
� Additional High-Bandwidth Analog Interface

� 32-Bit Digital Filters

� 24-Bit Ultra-Low-Noise DAC Converters 

� Coordinate Transformation for Parallel-Kinematics / Parallel-Metrology Systems


PT120 - PT140
Piezoceramic Tubes (HVPZT) and P-151 PICA™-Shear Piezo Actuators 



E-625 and E-665 Piezo Amplifiers & Servo-Controllers

P-363 PicoCube® High-Speed, XY(Z) Piezo Stages for Nanotechnology, SPM, AFM 

See p. 28 or Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

See p. 30 or Online Datasheet Available at www.pi.ws
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P-721 PIFOCs® are high-speed,
piezo-driven microscope objec-
tive nanofocusing/scanning de-
vices, providing a positioning
and scanning range of 100 µm
with sub-nanometer resolution
and very high linearity. They
were designed for tasks such
as surface metrology or decon-
volution microscopy (Z-stack
acquisition). The frictionless,
flexure guiding system pro-
vides enhanced precision for
superior focus stability with
fast response for rapid settling
and scanning.

Superior Accuracy Through

Direct-Motion Metrology with

Capacitive Sensors

P-721.CLQ and .CDQ are
equipped with direct-measur-
ing capacitve position sensors.
Unlike conventional sensors,
capacitive sensors measure the
actual distance between the
fixed frame and the moving
part of the stage. They detect
errors contributed by all com-
ponents in the drive train—
from the actuator through the
flexures to the platform. This
results in higher motion linear-
ity, long-term stability, phase
fidelity, and—because external
disturbances are seen by the
sensor immediately—a stiffer,
faster-responding servo-loop.

P-721.LLQ is a lower cost ver-
sion, equipped with a direct-
measuring LVDT sensor pro-
viding 10 nm resolution. A vari-
ety of analog and digital con-
trollers is available to drive
these units. The P-721.CDQ can
be operated with the E-665

servo-controller (see page
6-30) through an analog or dig-
ital interface. The E-750 high-
speed, digital NanoAutoma-
tion® controller, (p. 6-12) can
also be used.

Easy Installation

Attach the objective to the
PIFOC®. The new Quick Lock
thread adapters allow easy
attachment to any of a variety
of objective thread types.

Then screw a thread adapter
onto the microscope and
attach the PIFOC® with the
Quick Lock system. Mounting
does not require rotation of the
PIFOC® unit, and the optical
path is extended by only 12.5
mm (infinity corrected micro-
scope required; extension
tubes are available to adjust
path lengths of other objec-
tives on a turret). Thread
adapters are ordered separately.

Working Principle / Reliability

PIFOCs® are equipped with the
award winning PICMA® piezo-
drives, integrated into a

sophisticated flexure guiding
system. The wire-EDM-cut flex-
ures are FEA modeled for zero
stiction, zero friction and
exceptional guiding precision.
The ceramic-encapsulated
PICMA® drives are more robust
than conventional piezo actua-
tors, featuring superior lifetime
and performance in both
dynamic and static applica-
tions. 

Because guidance, actuators
and sensors are all frictionless
and maintenance-free, these
nanopositioning systems
achieve outstanding levels of
reliability.

Other PIFOCs®

PIFOCs® are also available with
up to 460 µm travel (P-725, see
page 2-22) and for open-loop
operation only (P-720, see
page 2-20). Custom units for
moving a whole turret are
available on request. 

Application Examples

� Scanning interferometry

� Surface structure analysis

� Disk drive testing

� Autofocus systems

� Confocal microscopy

� Biotechnology

� Semiconductor test 
equipment

PIFOC® High-Speed Nanofocusing/Scanning Z-Drives with Direct Metrology

P-721

P-721.CLQ with Quick Lock option P-721.12Q and objective (not included).

� Scans and Positions Objectives with Sub-nm Resolution

� High Linearity and Stability with Direct-Measuring Sensors

� Travel to 100 µm, fast Settling Time

� Very Straight Motion for Enhanced Focus Stability

� Ask about DIC Prism Holder Option

� Compatible with MetamorphTM Imaging Software

� Quick Lock Adapter for Easy Attachment

Dimensions of
the P-721.CLQ,
CDQ or LLQ in
mm (dimensions
including thread
adapter).

Notes

See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning systems.
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* For calibration
information see 
p. 2-8.
Resolution of PI
piezo nanoposi-
tioners is not limit-
ed by friction or
stiction. The value
given is noise
equivalent motion
with E-503 
amplifier.

** Dynamic
Operating Current
Coefficient in µA
per Hz and µm.
Example:
Sinusoidal scan of
30 µm at 10 Hz
requires approxi-
mately 1.2 mA
drive current.

Quick lock thread adapter P-721.12Q
exploded view with microscope

objective and PIFOC® P-721.CLQ.
Mounting tools are included.

Technical Data

Models P-721.CLQ P-721.LLQ P-721.0LQ Units Notes see
P-721.CDQ p. 2-84

Max. objective diameter 39 39 39 mm

Open-loop travel @ 0 to 100 V 90 90 90 µm ±20% A2

Closed-loop travel 100 100 - µm A5

Integrated feedback sensor Capacitive LVDT - B

* Closed- / open loop resolution 0.7 / 0.5 10 / 0.5 - / 0.5 nm C1

Closed-loop linearity (typ.) 0.03 0.1 - %

Full-range repeatability (typ.) ±5 ±20 - nm C3

Stiffness 0.3 0.3 0.3 N/µm ±20% D1

Push/pull force capacity 100 / 20 100 / 20 100 / 20 N D3
(in operating direction)

Tilt (�X) (typ.) 0.5 0.5 0.5 µrad E1

Tilt (�Y) (typ.) 13 13 13 µrad E1

Lateral runout (Y) (typ.) 100 100 100 nm E2

Electrical capacitance 3.0 3.0 3.0 µF ±20% F1

** Dynamic operating 4.2 4.2 4.2 µA/(Hz x µm) F2
current coefficient (DOCC)

Unloaded resonant 580 580 580 Hz ±20% G2
frequency

Resonant frequency @ 120 g load 250 250 250 Hz ±20% G3

Resonant frequency @ 200 g load 190 190 190 Hz ±20% G3

Operating temperature -20 to 80 -20 to 80 -20 to 80 °C H2 
range

Voltage connection VL VL VL J1 

Sensor connection 2 x C L - J2

Weight (with cables) 240 230 220 g ±5%

Body material Al Al Al L

Recommended driver/
controller (codes explained H, M, F H, E G, C
p. 2-17) 

Ordering Information

P-721.CLQ

PIFOC® Objective Positioner &
Scanner, 100 µm, Capacitive
Sensor, LEMO Connectors, for
Quick Lock Thread Adapters

P-721.CDQ

PIFOC® Objective Positioner &
Scanner, 100 µm, Capacitive
Sensor, Sub-D connector, for Quick
Lock Thread Adapters

P-721.LLQ

PIFOC® Objective Positioner &
Scanner, 100 µm, LVDT Sensor,
LEMO Connectors, for Quick Lock
Thread Adapters

P-721.0LQ

PIFOC® Objective Positioner &
Scanner, 100 µm, Open-Loop,
LEMO Connectors, for Quick Lock
Thread Adapters

Accessories: Quick Lock Adapters

P-721.11Q

Quick Lock Adapter, M25 x 0.75

P-721.12Q

Quick Lock Adapter, W0.8 x 1/36”

P-721.02Q

Quick Lock Adapter, M26 x 0.75

P-721.03Q

Quick Lock Adapter, M27 x 0.75

P-721.04Q

Quick Lock Adapter, M28 x 0.75

P-721.05Q

Quick Lock Adapter, M32 x 0.75

P-721.06Q

Quick Lock Adapter, M26 x 1/36”

P-721.08Q

Quick Lock Adapter, M19 x 0.75 

Extension Tubes for Objectives

P-721.90Q

12.5 mm Extens. Tube, W0.8 x 1/36”

P-721.91Q

12.5 mm Extens. Tube, M25 x 0.75

P-721.92Q

12.5 mm Extens. Tube, M26 x 0.75

P-721.93Q

12.5 mm Extens. Tube, M27 x 0.75

P-721.94Q

12.5 mm Extens. Tube, M28 x 0.75

P-721.95Q

12.5 mm Extens. Tube, M32 x 0.75

P-721.96Q

12.5 mm Extens. Tube, M26 x 1/36”

P-721.98Q

12.5 mm Extens. Tube, M19 x 0.75

Ask about custom designs!

2

Piezo • Nano • Positioning

Custom PIFOC® nosepiece 
nanopositioner for microscope turret.

6
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P-720 PIFOCs® are high-speed,
piezo-driven microscope objec-
tive nanofocusing/scanning de-
vices which can be mounted on
most microscopes. The fric-
tionless, flexure guiding sys-
tem combines high guiding
precision for superior focus
stability with fast response for
rapid settling and scanning.
The units are screwed between

the turret and the objective,
providing a positioning and
scanning range of up to 100
µm with sub-nanometer reso-
lution, while extending the
optical path by only 13 mm
(infinity-corrected microscope
required; extension tubes are
available to adjust path lengths
of other objectives on the tur-
ret). The standard thread is
W0.8 x 1/36”, for alternate
threads see the P-721.CLQ. For
larger positioning ranges, to
460 µm, see the P-725, page
2-22.

Operation

The P-720 open-loop PIFOC® is
designed for fast, high-resolu-
tion positioning and scanning
tasks where the absolute posi-
tion is not important or where
an external sensor is used. The
vertical position of the objec-
tive is roughly proportional to

the drive voltage (see p. 4-15 ff.
in the “Tutorial: Piezoelectrics
in Positioning” section for be-
havior of open-loop piezos). 
If absolute position control,
high linearity, or repeatability
in the nanometer range is
required, refer to the P-721 and
P-725 closed-loop devices (see
pages 2-20 and 2-22).

Working Principle / Reliability

PIFOCs® are equipped with the
award winning PICMA® piezo
drives, integrated into a so-
phisticated flexure guiding sys-
tem. The wire-EDM-cut flex-
ures are FEA modeled for zero
stiction, zero friction and
exceptional guiding precision.
The ceramic-encapsulated 
PICMA® drives are more robust
than conventional piezo actua-
tors, featuring superior lifetime
and performance in both
dynamic and static applica-
tions. 

PIFOC® High-Speed Microscope Objective Nanofocusing/Scanning Z-Drives

Application Examples

� Scanning interferometry

� Surface structure analysis

� Disk drive testing

� Autofocus systems

� Confocal microscopy

� Biotechnology

� Semiconductor test 
equipment

Ordering Information

P-720.00

PIFOC® Objective Positioner &
Scanner, 100 µm, W0.8 x 1/36“

For PIFOC® Objective Positioners &
Scanners with direct metrology and
travel ranges to 400 µm see P-721
and P-725, p. 2-20 and p. 2-22

P-720.01

Objective extension tube, 13 mm

Ask about custom designs!

P-720 

� Scans and Positions Objectives with Sub-nm Resolution

� Low Inertia for Fast Settling 

� Frictionless Precision Flexure Guiding System

� Travel to 100 µm

� Straightness of Travel ≤13 µrad 

� PICMA® High-Performance Piezo Drives

P-720 objective nanofocusing / scanning drive (objective not included)

P-721 on a microscope turret

Notes

See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning sys-
tems.
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Piezo • Nano • Positioning

Technical Data

Models P-720.00 Units Notes see p. 2-84

Max. objective diameter 25 mm

Open-loop travel @ 0 to 100 V 100 µm ±20% A2

* Open-loop resolution 1 nm C1

Stiffness 0.2 N/µm ±20% D1

Push/pull force capacity (in operating direction) 100 / 20 N D3

Tilt (�X, �Y) (typ.) 13 µrad E1

Lateral runout (Y) (typ.) 100 nm E2

Electrical capacitance 3.0 µF ±20% F1

** Dynamic operating current coefficient (DOCC) 3.8 µA/(Hz 3 µm) F2

Unloaded resonant frequency 400 Hz ±20% G2

Resonant frequency @ 120 g load 180 Hz ±20% G3

Resonant frequency @ 200 g load 150 Hz ±20% G3

Operating temperature range -20 to 80 °C H2

Voltage connection VL J1

Weight (with cables) 100 g ±5%

Body material Al L

Recommended driver/controller G, C, (A)
(codes explained p. 2-17)

* For calibration information
see p. 2-8. 
Resolution of PI piezo nano-
positioners is not limited by
friction or stiction. The value
given is noise equivalent
motion with E-503 amplifier.

** Dynamic Operating Current
Coefficient in µA per Hz 
and µm.  Example:
Sinusoidal scan of 30 µm at
10 Hz requires approximately
1.2 mA drive current.

P-720 dimensions (in mm)

Custom PIFOC® nosepiece nanopositioner
for microscope turret.



PIFOC® Long-Range, High-Speed Nanofocusing Z-Drives with Direct Metrology

P-725

P-725 PIFOCs® are long-travel,
high-speed, piezo-driven
microscope objective nanofo-
cusing/scanning devices.
Despite the increased travel
ranges (up to 460 µm), they are
20% shorter than P-721 units
(see page 2-20), while provid-
ing sub-nanometer resolution.
Equipped with ultra-precise,
direct-measuring capacitive
sensors, these devices are
ideal for tasks such as surface
metrology or deconvolution
microscopy (Z-stack acquisi-
tion). The newly designed, fric-
tionless, flexure guiding sys-
tem provides enhanced preci-

sion for superior focus stability
with fast response for rapid
settling and scanning.

P-725 PIFOCs® are mounted
between the turret and the
objective, extending the optical
path by only 12.5 mm (infini-
ty corrected microscope re-
quired; extension tubes are
available to adjust path lengths
of other objectives on the tur-
ret). Custom designs for posi-
tioning the complete turret are
available on request.

Superior Accuracy Through

Direct-Motion Metrology with

Capacitive Sensors

P-725s are equipped with
absolute-measuring, direct-
metrology capacitive sensors.
These sensors make possible
motion linearity to 0.03% with
effective resolution in the sub-
nanometer range. They boast
high bandwidth and exhibit no
periodic errors.
Unlike conventional sensors,
capacitive sensors measure
the actual distance between
the fixed frame and the mov-

ing part of the stage. They de-
tect errors contributed by all
components in the drive train
—from the actuator through
the flexures to the platform.
This results in higher motion
linearity, long-term stability,
phase fidelity, and—because
external disturbances are seen
by the sensor immediately—a
stiffer, faster-responding ser-
vo-loop. See p. 2-4 ff. and 
p. 5-2 ff. for more information.

Fastest Step-and-Settle: 25

Milliseconds for 250 Microns

The P-725.2CL can perform a
250 µm step to 1% accuracy in
only 25 ms (E-665.CR con-
troller, no load) and in 50 ms
with a load of 150 g.

Controllers

A variety of analog and digital
controllers is available to drive
these units. The P-725.xCD
models can be operated with
the E-665 servo-controller
through an analog or digital
interface (see page 6-30). The
E-750 high-speed digital
NanoAutomation® controller
can also be used (see page
6-12). 

Working Principle / Reliability

PIFOCs® are equipped with the
award winning PICMA® piezo
drives, integrated into a so-
phisticated flexure guiding sys-
tem. The wire-EDM-cut flex-
ures are FEA modeled for zero
stiction, zero friction and ex-
ceptional guiding precision.
The ceramic-encapsulated

PICMA® drives are more robust
than conventional piezo actua-
tors, featuring superior lifetime
and performance in both
dynamic and static applica-
tions. 
Because guidance, actuators
and sensors are all frictionless
and maintenance-free, these

� Scans and Positions Objectives with Sub-nm Resolution

� High Linearity and Stability with Direct-Measuring Capacitive

Sensors

� Travel to 460 µm, Fast Response & Settling Time

� Frictionless Precision Flexure Guiding System

� Enhanced Guiding Precision for Better Focus Stability

� Ask about DIC Prism Holder Option

� Controller Compatible with MetamorphTM Imaging Software

� Quick Lock Adapter for Easy Attachment

Application Examples

� Scanning interferometry

� Surface structure analysis

� Disk drive testing

� Autofocus systems

� Confocal microscopy

� Biotechnology

� Semiconductor test 
equipment

9

Ordering Information

P-725.1CL*

PIFOC® Objective Positioner &
Scanner, 100 µm, Capacitive
Sensor, LEMO Connectors, for
Quick Lock Thread Adapters

P-725.1CD

PIFOC® Objective Positioner &
Scanner, 100 µm, Capacitive
Sensor, Sub-D Connector, for Quick
Lock Thread Adapters

P-725.2CL*

PIFOC® Objective Positioner &
Scanner, 250 µm, Capacitive
Sensor, LEMO Connectors, for
Quick Lock Thread Adapters

P-725.2CD

PIFOC® Objective Positioner &
Scanner, 250 µm, Capacitive
Sensor, Sub-D Connector, for Quick
Lock Thread Adapters

P-725.4CL*

PIFOC® Objective Positioner &
Scanner, 400 µm, Capacitive
Sensor, LEMO Connectors, for
Quick Lock Thread Adapters

P-725.4CD

PIFOC® Objective Positioner &
Scanner, 400 µm, Capacitive
Sensor, Sub-D Connector, for Quick
Lock Thread Adapters

*Also available w/o sensor (open-
loop): P-725.10L, P-725.20L and 
P-725.40L.

Accessories

Quick Lock adapters and objective
distance tubes see p. 2-21

Ask about custom designs!

P-725.2CL with Quick Lock option 
P-721.12Q for W0.8 x 1/36” threads and objective.

High-Speed Z-Stack Image Acquisition Drive

25 ms for a 250 µm step top dynamic performance of the P-725.2CL
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Piezo • Nano • Positioning

P-721.12Q Quick Lock thread
adapter, exploded view with micro-

scope objective and PIFOC®.
Mounting tools are included.

* For calibration information
see p. 2-8.
Resolution of PI piezo
nanopositioners is not limit-
ed by friction or stiction.
The value given is noise
equivalent motion with 
E-503 amplifier.

** Dynamic Operating Current
Coefficient in µA per Hz 
and µm. Example 
(P-725.2C): Sinusoidal scan
of 30 µm at 10 Hz requires
approximately 0.75 mA
drive current.

*** P-725.xCD with Sub-D con-
nector for voltage and 
sensor.

Dimensions of the P-725 in mm (dimensions in mm, thread adapter ordered 
separately, decimal places separated by commas in drawings).

Technical Data

Models P-725.1CL, P-725.2CL, P-725.4CL, Units Notes see  p. 2-84
P-725.1CD P-725.2CD P-725.4CD

Max. objective diameter 39 39 39 mm

Min. open-loop travel @ -20 to 120 V 150 330 460 µm ±20% A2

Closed-loop travel 100 250 400 µm A5

Integrated feedback sensor Capacitive Capacitive Capacitive B

* Closed-loop resolution 0.65 0.75 1.25 nm C1

Closed-loop linearity (typ.) 0.03 0.03 0.03 %

Full-range repeatability (typ.) ±2 ±3 ±5 nm C3

Stiffness 0.25 0.2 0.15 N/µm ±20% D1

Push/pull force capacity 100 / 20 100 / 20 100 / 20 N D3
(in operating direction)

Tilt (�X) (typ.) 1 6 18 µrad E1

Tilt (�Y) (typ.) 20 45 25 µrad E1

Lateral runout (Y) (typ.) 40 40 40 nm E2

Electrical capacitance 4.2 6.0 6.0 µF ±20% F1

** Dynamic operating current 4.0 2.5 1.9 µA/(Hz x µm) F2
coefficient (DOCC)

Unloaded resonant frequency 530 330 200 Hz ±20% G2

Resonant frequency @ 120 g load 205 180 115 Hz ±20% G3

Resonant frequency @ 200 g load 160 140 Hz ±20% G3

Operating temperature range -20 to 80 -20 to 80 -20 to 80 °C H2

Voltage connection VL *** VL *** VL *** J1

Sensor connection 2 x C *** 2 x C *** 2 x C *** J2

Weight (with cables) 215 (230) 230 (245) 230 (245) g ±5%

Body material Al Al Al L

Recommended driver/controller H, M, F H, M, F H, M, F
(codes explained p. 2-17)

Index

Notes

For low-profile, large aperture
Z stages, see the P-541.ZSL on
p. 2-48 and the P-541.ZCD on 
p. 2-50.
See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning systems.

nanopositioning systems
achieve outstanding levels of
reliability.



P-726 High-Performance PIFOC®

The fastest microscope objective Z-piezo stage

PI has extended its successful PIFOC®

line of objective nanopositioners with
a new, high-power unit. The P-726
PIFOC® can move heavy, high-NA
objectives (>200 g, 7 oz) faster than
any other system currently available,
with accuracies of 1 nm over a travel 
range of 100 µm.

Here, the convincing performance
specifications – achieved with a load
of 300 g (11 oz): The E-726 can be 
operated with a variety of controllers
ranging from the economical E-621
card, the E-625 controller to a number
of digital controllers for the highest
possible performance. 

Features:

■ Resonant frequency: 430 Hz 
(with 300 g), 1100 Hz without
objective

■ Closed-loop position noise: <0.4 nm 

■ Position stability over 100 s: 4 nm 

■ Maximum operating frequency
(amplitude <10 µm): 150 Hz*

■ Maximum operating frequency 
with full travel (100 µm): 60 Hz*

■ Settling time (10 µm steps): 6 ms**

■ Settling time (full travel): 15 ms**

* Amplifier power limited. 
Higher performance with E-505, 
200 W power module

** Faster settling with smaller load

Settling behavior 
of the P-726 for a 
10 µm step.

10 µm step

Setting time: 5,6 ms

po
si

tio
n 

/ µ
m

time / s

PI Hexapod: Six-Axis Dental Measurement. Metrology. High Stiffness

News & Applications
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P-737
PIFOC® Z-Axis Microscopy Piezo Stage for High-Resolution Sample Positioning and Scanning

PIFOC® P-737 high-speed verti-
cal positioning systems are
designed for use with XY
microscopy stages – OEM man-
ual stages as well as aftermar-
ket motorized stages. 

While the XY stage positions
the sample, the piezo-actuator-
based P-737 moves the sample
along the optical axis to quickly
and precisely adjust the focus.
Vertical stepping with an accu-
racy in the nanometer range
takes only a few milliseconds.

The large aperture is designed
to accommodate a variety of
specimen holders including
slides or multiwell plates.

High-Speed Z-Steps for Fast

Focus Control and Z-Stack

Acquisition

The immediate response of the
solid-state piezo drives enables
rapid Z-steps with typically 
10 to 20 times faster step-and-
settle times than classical step-
per motor drives. This leads to
more image acquisition speed
and throughput.

Closed-Loop Position Control

for High-Precision and

Stability

For high stability and repeata-
bility, P-737 stages are
equipped with position sen-
sors. High-resolution, absolute
measuring strain gauge sen-
sors (SGS) are applied to
appropriate places on the drive
train and feed the platform

position information back to a
piezoelectric controller. The
sensors are connected in a full-
bridge configuration to elimi-
nate thermal drift, and assure
optimal position stability and
rapid response with nanometer
resolution. 

Excellent Guiding Accuracy

Flexures optimized with Finite
Element Analysis (FEA) are

� High-Speed Piezo Z-Motion with Travel Ranges to 250 µm

� Nanometer Resolution

� Large Clear Aperture to Accommodate Specimen Holders

� Perfect Mechanical Fit to XY OEM Manual 

or Motorized Stages

� Sub-Millisecond Response Times

Application Examples

� Fluorescence microscopy

� Confocal microscopy

� Biotechnology

� 3D Imaging

� Autofocus systems 

� Medical technology

Ordering Information

P-737.1SL

PIFOC® Nanofocusing Z-Stage for
Microscope Sample Holder, 
100 µm, SGS, LEMO Connector, 
for Märzhäuser Microscope Stages

P-737.2SL

PIFOC® Nanofocusing Z-Stage for
Microscope Sample Holder, 
200 µm, SGS, LEMO Connector, 
for Märzhäuser Microscope Stages

Versions with up to 500 µm travel
or with direct-measuring, high-
resolution capacitive sensors on
request. 

Ask about custom designs!
P-737 piezo Z-stage for high-resolution microscopy, shown with multiwell plate
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Technical Data

Models P-737.1SL P-737.2SL Units Tolerance

Active axes Z Z

Motion and positioning

Integrated sensor SGS SGS

Closed-loop travel 100 250 µm calibrated

Closed-loop resolution 2.5 4 nm typ.

Open-loop resolution 0.3 0.5 nm typ.

Closed-loop linearity 0.2 0.2 % typ.

Repeatability 6 12 nm typ.

Mechanical properties

Unloaded resonant frequency 400 250 Hz ±20 %

Resonant frequency under load 350 (100 g) 210 (100 g) Hz ±20 %

Push/pull force capacity in motion direction 100 / 20 100 / 20 N max.

Load 20 20 N max.

Drive properties

Piezo ceramic type PICMA® PICMA®

Electrical capacitance 4.5 9.3 µF ±20 %

Dynamic operating current coefficient 6.2 5.8 µA/(Hz x µm) ±20 %

Miscellaneous

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

Material Aluminum Aluminum

Dimensions 220.5 x 138 x 27.3 220.5 x 138 x 27.3 mm

Mass 0.7 0.7 kg ±5 %

Cable length 2.0 2.0 m ±10 mm

Voltage connection LEMO connector LEMO connector 

(low voltage) (low voltage)

Sensor connection LEMO connector LEMO connector 
(SGS sensor) (SGS sensor)

Recommended controller/amplifier E-625.SR, 14 W, single-channel desktop unit
E-665.SR, 36 W, single-channel desktop unit
E-610.SR, 14 W, OEM electronics
E-500 modular system with output to 100 W

System properties

System configuration E-500 system with E-503.00 14 W amplifier 

and E-509.S1 servo-control module for SGS

Small-signal bandwidth 60 45 Hz typ.

Settling time (to within 10 % of step size) 10 15 ms typ.

Instead of moving the sample, it is also possible to move the
objective. The P-725 PIFOC® Objective Scanner offers travel ranges
over 400 µm with nanometer resolution and response times in the

millisecond range 

used to guide the stage. The
FEA techniques give the design
the highest possible stiffness
in, and perpendicular to, the
direction of motion, and mini-
mize linear and angular runout.
Flexures allow extremely high-
precision motion, no matter
how minute, as they are com-
pletely free of play and friction.

Superior Lifetime with

Ceramic-Encapsulated Piezos

Highest possible reliability is
assured by the use of award-
winning PICMA® multilayer
piezo actuators. PICMA® actua-

tors are the only ceramic-
encapsulated PZT actuators on
the market, which makes them
resistant to ambient humidity
and leakage-current failures.
They are thus far superior to
conventional actuators in relia-
bility and lifetime.



M-686 open-frame piezomotor
stages are mainly designed for
automated positioning applica-
tions in microscopy. The opti-
mized form factor with a low
profile height of only 32 mm
and  the standardized mount-
ing pattern allows the combi-
nation with many PI standard
nanopositioning systems.

Space Saving Piezomotors

Compared to conventional
motorized translation stages,
the M-686 provides a lower
profile and smaller footprint.
The compact PILine® piezoelec-
tric linear motors and high-res-
olution linear encoders make
both, the lead screw duct and
the flanged, bulky stepper
motor employed in traditional
stages obsolete. In addition,
the piezomotors are self-lock-
ing at rest and hold the stage in
a stable position without heat-
ing up.

Compatibility to PI Nanopo-

sitioning and Scanning Stages

A number of standard PI piezo
flexure stages (150 x 150 mm
footprint) can be mounted
directly on the M-686 open-

frame stage. Depending on 
the application, these highly
specialized, ultra-precise nano-
positioning systems are avail-
able as fast XY scanners (for
fluorescence microscopy), as
vertical Z positioners (3D imag-
ing), or with up to 6 degrees of
freedom.

Limit and Reference Switches

For the protection of your
equipment, non-contact Hall-
effect limit and reference
switches are installed. The
direction-sensing reference
switch supports advanced
automation applications with
high precision. 

Advantages of PILine®

Micropositioning Systems

The ultrasonic piezoceramic
drives used in PIline® micro-
positioners have a number 
of advantages over classical
drives:

� Higher Accelerations, 
up to 5 g

� Speeds up to 500 mm/s
� Small Form Factor
� Self-Locking When 

Powered Down
� No Shafts, Gears or Other

Rotating Parts
� Non-Magnetic and Vacuum-

Compatible Drive Principle

Notes

Nanopositioning stages that fit
directly on the M-686:

P-561 to P-563

PIMars™ XYZ Nanoposition-
ing systems with up to 
300 µm travel

P-541.2 to P-542.2

Low-profile microscopy XY
scanners

P-541.Z

Low-profile Z/tip/tilt piezo
nanopositioning stages for
microscopy

Application Examples

� Biotechnology

� Microscopy

� Scanning microscopy

� Confocal microscopy

� Semiconductor testing

� Handling

Ordering Information

M-686.D64

XY Open-Frame Stage with 
Closed-Loop PILine® Piezomotor
Drives, 25 x 25 mm, 7 N, 0.1 µm 
Linear Encoder

Ask about custom designs!

The M-686.D64 open-frame stage with closed-loop 
piezo motors provides 25 x 25 mm travel range 

Customized M-686 stage with a bigger footprint, to sink the 
piezo scanner by 10 mm. The system height together with 

the P-541 piezo scanner is reduced to only 33 mm

� Integrated Closed-Loop Piezomotor Drives Provide High

Speed to 100 mm/s

� Travel Ranges 25 x 25 mm 

� Integrated Linear Encoders with 0.1 µm Resolution

� Compact Design: 

32 mm Profile Height, 170 x 170 mm Footprint

� Clear Aperture 78 x 78 mm, 66 x 66 mm 

in Extreme Position

� Self-Locking at Rest

� Compatible with PI Piezo Nanopositioning / 

Scanning Stages

©
 P

I 1
99

8-
20

08
.S

u
b

je
ct

 t
o

 c
h

an
g

e 
w

it
h

o
u

t 
n

o
ti

ce
. T

h
is

 d
at

a 
sh

ee
t 

is
 s

u
p

er
se

d
ed

 b
y 

an
y 

n
ew

re
le

as
e.

 T
h

e 
n

ew
es

t 
re

le
as

e 
is

 a
va

ila
b

le
 f

o
r 

d
o

w
n

lo
ad

 a
t 

w
w

w
.p

i.w
s.

 0
8/

04
/3

0.
0

Fast, Low Profile and Large Aperture with Direct Position Measurement

M-686 PILine® XY Piezo Linear-Motor Stage

Piezo • Nano • Positioning

14Page references refer to PI's hardcover catalog



M-686.D64, dimensions in mm. The minimum aperture is 66 x 66 mm
with both axes at the maximum position

Technical Data

M-686.D64

Active axes XY

Motion and positioning

Travel range 25 x 25 mm

Integrated sensor Linear encoder

Sensor resolution 0.1 µm

Design resolution 0.1 µm

Min. incremental motion 0.3 µm

Bidirectional repeatability 0.3 µm

Pitch / yaw ±50 µrad

Max. velocity 100 mm/s

Mechanical properties

Load Capacity* 50 N

Max. push/pull force 7 N

Max. lateral force 4 N

Drive properties

Motor type 2 x PILine® P-664 per axis

Operating voltage 190 V (Peak-Peak)**
67 V (RMS)**

Electrical power 10 W / axis***

Miscellaneous

Operating temperature range -20 to +50 °C

Material Aluminium (black anodized)

Mass 1.2 kg

Cable length 1.5 m

Connector 2 x MDR connector, 14-pin

Recommended controller/driver 2 x C-866.D64 single-axis controller / driver
2 x C-185.D64 single-axis drive electronics

* 10 N for max. velocity
** The operating voltage or the piezomotor is supplied by the drive electronics which

requires 12 VDC
*** For drive electronics

Piezo • Nano • Positioning

0.3 µm steps performed by M-686

M-686 open-frame stage with P-541.2DD piezo scanner on top,
providing a resolution of 0.1 nm and a scanning range 

of 30 x 30 µm. The system height of the combination with the
P-541 XY (or Z) piezo scanner is only 48 mm

15
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P-541.ZCD
Low-Profile Z/Tip/Tilt Piezo Nanopositioning Stages for Microscopy with Parallel Metrology

Low Profile, Optimized for

Microscopy Applications

P-541 series nanopositioning
Z-stages and Z-tip/tilt stages
are designed for alignment,
nano-focusing or metrology
tasks, etc. They feature a very
low profile of 16.5 mm, a large
80 x 80 mm aperture, and offer
highly accurate motion with
sub-nanometer resolution. XY

scanning stages with the same
footprint are also available (see
p. 2-62).

Due to the single-module, low-
profile design, the stages can
easily be integrated in high-
resolution microscopes.

Superior Accuracy Through

Direct-Motion Metrology with

Capacitive Feedback Sensors

Integrated capacitive sensors
measure the actual distance
between the fixed frame and
the moving part of the stage
directly and include any flex or
other errors in the drive train—
from the actuator through the
lever and flexures to the plat-
form—in the measurement.
This results in higher motion
linearity, long-term stability,

phase fidelity, and—because
external disturbances are seen
by the sensor immediately—a
stiffer, faster-responding servo-
loop. See p. 2-4 ff. and p. 5-2
for more information.

Dynamic Digital Control for

Best Scanning Linearity 

Use our new digital control
electronics with DDL (Dynamic
Digital Linearization) to in-
crease linearity and effective
bandwidth in scanning applica-
tions by up to 1000-fold (see p.
6-16). By virtually eliminating
tracking errors, DDL also
increases the usable travel
range. 

Working Principle and

Reliability

P-540-series stages are
equipped with the award-win-
ning PICMA® piezo drives, inte-
grated into a sophisticated, sin-
gle-module, parallel-kinemat-
ics, flexure guiding system.
The wire-EDM-cut flexures are
FEA modeled for zero stiction,
zero friction and exceptional
guiding precision. The ceram-
ic-encapsulated PICMA® drives
are more robust than conven-
tional piezo actuators, featur-
ing superior lifetime and per-
formance in both dynamic and
static applications. 

Because guidance, actuators
and sensors are all frictionless
and maintenance-free, these
nanopositioning systems
achieve outstanding levels of
reliability.

Notes

See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning systems.

Application Examples

� Scanning microscopy 

� Mask & wafer alignment 

� Scanning interferometry 

� Surface metrology 

� Biotechnology 

� Micromanipulation 

Ordering Information

P-541.ZCD

Microscopy Z-Nanopositioning
Stage, 100 µm, Direct Metrology,
Capacitive Sensors

P-541.TCD

Microscopy Z, Tip/Tilt
Nanopositioning Stage,
100 µm / 1 mrad, Parallel
Metrology, Capacitive Sensors

Version with Strain Gauge Sensors 

see p. 2-48

P-541.ZSL

Microscopy Z Nanopositioning
Stage, 100 µm, Strain Gauge
Sensors

P-541.TSL

Microscopy Z Tip / Tilt Nano-
positioning Stage, 100 µm / 
1 mrad, Strain Gauge Sensors

Vacuum Versions Available.

P-540-Series XY Stages see p. 2-62

� Lower Profile for Easy Integration: 16.5 mm 

� Z and Tip/Tilt Versions

� Choice of Strain Gauge (Lower Cost) or Capacitive Sensors

(Higher Performance)

� 100 µm Linear Travel Range, 1 mrad Tilt

� 80 x 80 mm Clear Aperture 

� PICMA® High-Performance Piezo Actuators 

for Superior Lifetime

� Ideal for fast Z-Stack Acquisition and 

3D Deconvolution Imaging

P-541 nanopositioning Z- and Z-tip/tilt stages feature a 
very low profile of 16.5 mm, a large 80 x 80 mm aperture and 

deliver highly accurate motion with sub-nanometer resolution. 
Strain gauge and capacitive sensors are available for feedback.
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P-541.Z and P-541.T dimensions in mm.

The settling time of a P-541.ZCD stage is approx. 
16 ms for a 10 µm step within a positioning accuracy of 1%.

Technical Data

Models P-541.ZCD P-541.TCD Units Notes see p. 2-84  

Active axes Z Z, �X, �Y

Min. open-loop travel -20 to 120 V 150 150 (1.5 mrad) µm A2

Closed-loop travel 100 100 (1 mrad) µm A5

Integrated feedback sensor capacitive capacitive B

* Closed-loop / open-loop resolution 0.8 / 0.2 0.8 / 0.2 nm C1
(80 nrad / 20 nrad)

Closed-loop linearity (typ.) 0.03 0.03 %

Repeatability <5 nm

Push force capacity 100 100 N D3

Pull force capacity 20 20 N D3

Max. load 20 20 N D4

Electrical capacitance 6.75 6.75 µF ±20% F1

** Dynamic Operating Current Coefficient 8.5 8.5 (Z) µA/(Hz x µm) F2

Resonant frequency unloaded 410 410 (Z) Hz ±20% G2

Resonant frequency @ 185 g load 300 300 (Z) Hz ±20% G3

Operating temperature -20 to 80 -20 to 80 °C H2

Voltage & sensor connection D D J1/J2

Body material Al Al L

Recommended amplifier/controller H, F, L K
(codes explained p. 2-17)

* For calibration information see p. 2-8. Resolution of PI piezo nanopositioning systems is not limited by friction or stiction. 
Noise equivalent motion with E-710, E-750, E-503 controllers / amplifiers. 

** Dynamic Operating Current Coefficient of linear axes is in µA per Hz and µm. 
Example: Sinusoidal scan of 10 µm at 10 Hz requires approximately 0.85 mA drive current. 

For high-resolution Z-positioning 
systems with up to 460 µm travel see

the P-721 and P-725 PIFOC®  nanofocus-
ing drives (see p. 2-20 and p. 2-22).
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P-541.2CD · P-542.2CD
Low-Profile, XY Piezo Scanning Microscopy Stages with Parallel Metrology

Low Profile, Optimized for

Microscopy Applications

P-541/P-542 nanopositioning
and scanning stages are
designed for easy integration
into high-resolution micro-
scopes. They feature a very
low profile of 16.5 mm, a large
80 x 80 mm aperture, and offer
highly accurate motion with
sub-nanometer resolution. 

Choice of Drives: Long Range

or High-Speed Direct Drive 

A variety of models are offered
to suit a large range of applica-
tions: lever-amplified XY sys-
tems with 100 and 200 µm trav-
el and direct-driven XY scan-
ners with 45 µm travel. Their
high resonant frequencies of
1.5 kHz  in both axes allow for
faster step response and high-
er scanning rates, needed for
example in single-molecule
microscopy, or in other time-
critical applications. 
Z stages and Z-tip/tilt stages
are also available (see p. 2-50). 

Higher Precision Through

Parallel Kinematics/-

Metrology with Capacitive

Feedback Sensors

P-540-series XY piezo position-
ing stages feature a single-

module, parallel-kinematics
design with all actuators oper-
ating on one central platform
and no moving cables to cause
microfriction. Advantages over
serial kinematics setups are a
lower profile, reduced inertia
and better, axis-independent
dynamics. 

Capacitive sensors measure
the actual distance between
the fixed frame and the moving
part of the stage directly and
include any flex or other errors
in the drive train—from the
actuator through the lever and
flexures to the platform—in the
measurement.  This results in
higher motion linearity, long-
term stability, phase fidelity,
and—because external disturb-
ances are seen by the sensor
immediately—a stiffer, faster-
responding servo-loop. See p.
2-4 ff. and p. 5-2 ff. for more
information.

With parallel direct metrology,
all capacitive sensors measure
the position of the same mov-
ing platform against the same
stationary reference (the fixed
frame). This means that all
motion is inside the servo-
loop, no matter which actuator
may have caused it, resulting
in superior multi-axis preci-
sion. Advantages include:
higher resolution in non-dif-
fraction-limited imaging tech-
niques (NSOM, etc.) and
reduced blurring of edges in
high-speed microscopy appli-
cations.

Dynamic Digital Control for

Best Scanning Linearity 

Use our new digital control
electronics with DDL (Dynamic
Digital Linearization) to in-
crease linearity and effective
bandwidth in scanning applica-
tions by up to 1000-fold (see
catalog E-710). By virtually
eliminating tracking errors,

DDL also increases the usable
travel range. 

Working Principle / Reliability

P-540-series stages are
equipped with the award-win-
ning PICMA® piezo drives, inte-
grated into a sophisticated, sin-
gle-module, parallel-kinemat-
ics, flexure guiding system.
The wire-EDM-cut flexures are
FEA modeled for zero stiction,
zero friction and exceptional
guiding precision. The ceram-
ic-encapsulated PICMA® drives
are more robust than conven-
tional piezo actuators, featur-
ing superior lifetime and per-
formance in both dynamic and
static applications. Because
guidance, actuators and sen-
sors are all frictionless and
maintenance-free, these nano-
positioning systems achieve
outstanding levels of reliability.

Application Examples

� Optical trapping

� Scanning microscopy

� Mask & wafer alignment

� Scanning interferometry

� Surface metrology

� Biotechnology

� Micromanipulation 

Ordering Information

P-541.2DD

Microscopy XY Nanopositioning &
Scanning Stage, High-Speed Direct
Drive, 45 x 45 µm, Parallel
Metrology, Capacitive Sensors

P-541.2CD

Microscopy XY Nanopositioning &
Scanning Stage, 100 x 100 µm,
Parallel Metrology, Capacitive
Sensors

P-542.2CD

Microscopy XY Nanopositioning &
Scanning Stage, 200 x 200 µm,
Parallel Metrology, Capacitive
Sensors

Versions with Strain Gauge

Sensors see p. 2-60

P-541.2SL

Microscopy XY Nanopositioning &
Scanning Stage, 100 x 100 µm,
Strain Gauge Sensors

P-542.2SL

Microscopy XY Nanopositioning &
Scanning Stage, 200 x 200 µm,
Strain Gauge Sensors

Vacuum Versions Available.

P-540-Series Z-Tip/Tilt Stages 

see p. 2-50

� Low Profile for Easy Integration: 16.5 mm 

� Parallel Kinematics and Optional Parallel Metrology for Fast

Response and Superior Multi-Axis Precision

� Choice of Strain Gauge (Lower Cost) or Capacitive Sensors

(Higher Performance)

� To 200 x 200 µm Travel Range 

� Direct Drive Version for High-Speed Positioning & Scanning

� 80 x 80 mm Clear Aperture 

� PICMA® High-Performance Piezo Actuators 

for Superior Lifetime

P-540-series nanoposi-
tioning stages feature a 

very low profile of 16.5 mm, 
a large 80 x 80 mm 

aperture and deliver highly accurate 
motion with sub-nanometer resolution. 
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Index

Technical Data

Models P-541.2CD P-542.2CD P-541.2DD Units Notes see p. 2-84

Active axes XY XY XY

Min. open-loop travel -20 to 120 V 150 x 150 250 x 250 60 x 60 µm A2

Closed-loop travel 100 x 100 200 x 200 45 x 45 µm A5

Integrated feedback sensor capacitive capacitive capacitive B

* Closed-loop / open-loop resolution 0.8 / 0.2 1.5 / 0.4 0.3 / 0.1 nm C1

Closed-loop linearity (typ.) 0.03 0.03 0.03 %

Repeatability <5 <5 nm

Push force capacity 100, 100 100, 100 200, 200 N D3

Pull force capacity 20, 20 20, 20 20, 20 N D3

Max. load 20 20 20 N D4

Electrical capacitance (per axis) 6.75 7.5 28 µF ±20% F1

** Dynamic Operating 8.5 4.8 µA/(Hz x µm) F2
Current Coefficient (per axis)

Resonant frequency unloaded 500, 500 370, 370 1500, 1500 Hz ±20% G2

Resonant frequency @ 185 g load 250 1200, 1200 Hz ±20% G3

Operating temperature -20 to 80 -20 to 80 -20 to 80 °C H2

Voltage & sensor connection D D D J1/J2

Body material Al Al Al L

Recommended amplifier/controller H, F, L, K H, F, L, K H, F, L, K
(codes explained p. 2-17)

* For calibration information see p. 2-8. Resolution of PI piezo nanopositioning systems is not limited by friction or stiction. Noise equivalent motion with E-710,
E-750, E-503 controllers / amplifiers.

** Dynamic Operating Current Coefficient in µA per Hz and µm. Example: Sinusoidal scan of 10 µm at 10 Hz with the P-542.2CD requires approximately 0.48 mA
drive current.

Dimensions of the P-541 and P-542 in mm.

For fully independent XYZ motion, the P-541/P-542 XY stages
can be combined with the P-725 PIFOC® nanofocusing Z-drives.
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Fastest Multi-Axis Systems

w/Large Apertures

P-733.2DD / .3DD multi-axis
piezo nanopositioning systems
are the fastest ultra-high-preci-
sion, open-frame stages for

microscopy. They provide a
positioning and scanning
range of 30 x 30 (x10) µm and
are equipped with parallel-
metrology capacitive position
feedback for superior multi-
axis linearity and repeatability.

The novel, high-stiffness,
direct drive gives the systems
resonant frequencies as high
as 2.2 kHz (4 x that of other
comparable systems), enab-
ling millisecond scanning rates
with sub-nanometer resolution.

Low-Profile and Clear

Aperture—Ideal for

Microscopy

P-733 nanopositioning and
scanning stages are designed
for easy integration into high-
resolution microscopes. They
feature very low profiles, as
low as 20 mm (0.8 inch), a 50 x
50 mm aperture, and offer
highly accurate motion with
sub-nanometer resolution. 

Higher Precision Through

Parallel Kinematics/Metrology

P-733 piezo scanning stages
feature a parallel-kinematics
design with direct-measuring,
non-contact capacitive position
sensors (parallel, direct metrol-
ogy). 
These sensors make possible
motion linearity to 0.03% with
effective resolution in the sub-
nanometer range. PI capacitive
sensors are absolute-measur-
ing, direct-metrology devices
that boast very high bandwidth
and exhibit no periodic errors. 

Unlike conventional sensors,
capacitive sensors measure
the actual distance between
the fixed frame and the moving
part of the stage. They detect
errors contributed by all com-
ponents in the drive train—
from the actuator through the
flexures to the platform. This
results in higher motion linear-
ity, long-term stability, phase
fidelity, and—because external
disturbances are seen by the
sensor immediately—a stiffer,
faster-responding servo-loop.
See p. 2-4 ff. and p. 5-2 ff. for
more information.

Parallel kinematics means that
all actuators act directly on the
same moving platform leading
to reduced size, inertia and the
elimination of microfriction
caused by moving cables. The
advantages are enhanced dy-
namics, higher scanning rates,
and better reproducibility. 

With parallel metrology, all
sensors measure the position
of the same moving platform
against the same stationary
reference (the fixed frame).
This means that—in contrast to
serial metrology—all motion is
inside the servo-loop, no mat-
ter which actuator may have
caused it, resulting in superior
multi-axis precision (Active
Trajectory Control).

Dynamic Digital Control for

Best Scanning Linearity

Use our new digital control
electronics with DDL (Dynamic
Digital Linearization) to in-
crease linearity and effective
bandwidth in scanning applica-
tions by up to 1000-fold (see 
p. 6-16). By virtually eliminat-
ing tracking errors, DDL also
increases the usable travel
range.

Working Principle / Reliability

P-733 nanopositioning stages
are equipped with the award
winning PICMA® piezo drives,

Ultra-High-Speed, XY / XYZ Scanning Microscopy Stages with Parallel Metrology

Application Examples

� Optical trapping

� Imaging (resolution 
enhancement)

� Scanning microscopy

� Surface structure analysis

� Biotechnology

� Atomic force microscopy

� Semiconductor test 
equipment

� Precision mask and wafer 
alignment

� Scanning interferometry

� Nanomanipulation

� Biophysics

Ordering Information

P-733.2DD

XY High-Speed Direct Drive Piezo
Scanning Stage, 30 x 30 µm,
Parallel Metrology, Sub-D
Connector

P-733.3DD

XYZ High-Speed Direct Drive Piezo
Scanning Stage, 30 x 30 x 10 µm,
Parallel Metrology, Sub-D
Connector

Vacuum Versions Available

P-733.2DD · P-733.3DD

� Higher Speed Through Direct Drive

� Up to 2.2 kHz Resonant Frequency in X and Y

� 30 x 30 or 30 x 30 x 10 µm Travel Range

� 100 Picometers Resolution

� Capacitive Sensors for Highest Linearity

� Parallel-Kinematics/Metrology for Enhanced Responsiveness /

Multi-Axis Precision

� Active Runout Compensation

� 50 x 50 mm Clear Aperture

� Frictionless Precision Flexure Guiding System

� PICMA® High-Performance Piezo Drives

0 to 100 % travel in
1.36 msec, without
overshoot. The 
P-733.2DD is the
fastest, highest preci-
sion closed-loop XY
scanning stage with
large aperture cur-
rently available.

P-733.3DD (left side) and P-733.2DD, high-speed, direct drive XY(Z) scanning stages
are the fastest scanning stages with large aperture currently available (2.2 kHz reso-
nant frequency!). Both units feature a footprint of only 100 x 100 mm. Compact disc

for size comparison.
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Technical Data

Models P-733.2DD P-733.3DD Units Notes see p. 2-84

Active axes X,Y X,Y,Z

Min. open-loop travel @ -20 to 120 V 33 x 33 33 x 33 x 14 µm ±20% A2

Closed-loop travel 30 x 30 30 x 30 x 10 µm A5

Integrated feedback sensor capacitive capacitive B

* Closed-loop / open-loop resolution 0.1 / 0.1 0.1 / 0.1 nm C1

Closed-loop linearity (typ.) 0.03 0.03 %

Full-range repeatability (typ.) ±1.0 ±1.0 nm C3

Stiffness (X,Y,Z) 20, 20, - 4, 4, 10 N/µm ±20% D1

Push / pull force capacity 300 / 100 300 / 100 N D3
(in operating direction)

Max. (±) normal load 20 20 N D4

Tilt �X, �z (typ.) 3 3 µrad E1

Electrical capacitance (X, Y, Z) 6.0, 6.0, - 6.0, 6.0, 4.4 µF ±20% F1

** Dynamic operating current (X, Y, Z) 25, 25,- 25, 25, 50 µA/(Hz x µm) F2
coefficient (DOCC)

Unloaded resonant frequency (X, Y, Z) 2230, 2230, - 1200, 1200, 1200 Hz ±20% G2

Resonant frequency @ 50 g load (X, Y, Z) 1800, 1800, - Hz ±20% G3

Resonant frequency @ 200 g load (X, Y, Z) 530, 530, 635 Hz ±20% G3

Operating temperature range -20 to 80 -20 to 80 °C H2

Voltage connection sub-D, special sub-D, special J1

Sensor connection sub-D, special sub-D, special J2

Weight (with cables) 525 635 g ±5%

Body material Al Al L

Recommended amplifier/controller H, F, L H, F, L
(codes explained p. 2-17) 

integrated into a sophisticated,
single-module, parallel-kine-
matics, flexure guiding system.
The wire-EDM-cut flexures are
FEA modeled for zero stiction,
zero friction and exceptional
guiding precision. The ceramic-
encapsulated PICMA® drives
are more robust than conven-
tional piezo actuators, featur-
ing superior lifetime and per-
formance in both dynamic and
static applications. 
Because guidance, actuators
and sensors are all frictionless
and maintenance-free, these
nanopositioning systems
achieve outstanding levels of
reliability.

Vacuum Applications

PI offers versions specially
designed for applications in
ultra-high vacuum (see p. 2-66).
A non-magnetizable version is
available on request.

* For calibration information see p. 2-8. Resolution of PI piezo nanopositioners is not limited by friction or stiction. The value given is
noise equivalent motion with E-503 amplifier.

** Dynamic Operating Current Coefficient in µA per Hz and µm. Example: Sinusoidal scan of 10 µm at 100 Hz requires approximately 
25 mA drive current.

Index

Notes

See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning systems.

Dimensions of P-733.2DD in mm. Dimensions of P-733.3DD in mm.
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P-733

P-733 XY piezo driven stages
are fast and highly accurate
nanopositioning and scanning
systems. They provide a posi-
tioning and scanning range of
100 x 100 (x 10) µm together
with sub-nanometer resolu-
tion. The 50 x 50 mm clear
aperture is ideal for transmit-
ted-light applications such as
near-field scanning micro-
scopy. The high-speed Z-axis
of the P-733.3CD can actively
compensate any out-of-plane,
Z-axis deviation during XY
motion. 

Capacitive Sensors for 

Higher Linearity

Capacitive sensors measure
position directly and without
physical contact. This makes
them free of friction and hys-
teresis, a fact which, in combi-
nation with the positioning res-
olution of well under 1 nm,
makes it possible to achieve
very high levels of linearity. A
further advantage of direct
metrology with capacitive sen-
sors is the high phase fidelity
and the high bandwidth of up
to 10 kHz. The closed-loop res-
olution is 0.3 nm for the X and
Y axes and 0.2 nm for the
optional Z-axis.

Parallel Kinematics and

Metrology for High Trajectory

Fidelity

In a parallel kinematics  multi-
axis system, all actuators act
directly on the same moving
platform. This means that all
axes see the same moved
mass and can be designed with
identical dynamic properties.
Parallel kinematics systems
have additional advantages

over serially stacked systems,
including more-compact con-
struction, no cumulative error
from the different axes and no
moving cables to cause friction
that degrades resolution and
linearity. Parallel kinematics
systems can be operated with
up to six degrees of freedom
with low inertia and excellent
dynamic performance.

Multiaxis nanopositioning sys-
tems equipped with both paral-
lel kinematics and Direct
Metrology are able to measure
platform position in all degrees
of freedom against a common,
fixed reference: i.e. parallel
metrology. In such systems,
undesirable motion from one
actuator in the direction of
another (cross-talk) is detected
immediately and actively com-
pensated by the servo-loops.
Known as Active Trajectory
Control Concept, the parallel
kinematics/parallel metrology
combination can keep devia-
tion from a trajectory to under
a few nanometers, even in
dynamic operation.

Superior Lifetime

Highest possible reliability is
assured by the use of award-
winning PICMA® multilayer
piezo actuators. PICMA® actua-
tors are the only actuators on
the market with ceramic-only
insulation, which makes them
resistant to ambient humidity
and leakage-current failures.
They are thus far superior to
conventional actuators in relia-
bility and lifetime. 

Wide Variety for Flexibility in

Many Applications

For the highest dynamics
applications, the P-733.2DD
and P-733.3DD models with
direct drive are available.

For Z-axis scanning applica-
tions, the P-733.ZCD version is 

available with a travel range of
100 µm.

For ultra-high-vacuum applica-
tions down to 10-9 hPa, nanopo-
sitioning systems as well as
comprehensive accessories,
such as suitable feedthroughs,
are available.

� Travel Ranges of 100 x 100 µm in X, Y and 10 µm in Z

� Direct Metrology with Capacitive Sensors 

� Resolution to 0.1 nm

� Parallel Kinematics for Better Multi-Axis Accuracy and

Dynamics

� Parallel Metrology for Active Trajectory Control

� 50 x 50 mm Clear Aperture for Transmitted-Light Applications

Ordering Information

P-733.2CD

XY Piezo Nanopositioning /
Scanning Stage, 100 x 100 µm,
Capacitive Sensors, Parallel 
Metrology, Sub-D Connector

P-733.2CL

XY Piezo Nanopositioning /
Scanning Stage, 100 x 100 µm,
Capacitive Sensors, Parallel 
Metrology, LEMO Connector

P-733.3CD

XYZ Piezo Nanopositioning /
Scanning Stage, 100 x 100 x 10 µm,
Capacitive Sensors, Parallel 
Metrology, Sub-D Connector

P-733.3CL

XYZ Piezo Nanopositioning /
Scanning Stage, 100 x 100 x 10 µm,
Capacitive Sensors, Parallel Metro-
logy, LEMO Connector

P-733.2VL

XY Piezo Nanopositioning /
Scanning Stage, 100 x 100 µm,
Capacitive Sensors, Parallel Metro-
logy, LEMO Connector, Vacuum
Compatible down to 10-6 hPa

P-733.2VD

XY Piezo Nanopositioning /
Scanning Stage, 100 x 100 µm,
Capacitive Sensors, Parallel Metro-
logy, Sub-D Connector, Vacuum
Compatible down to 10-6 hPa

P-733.2UD

XY Piezo Nanopositioning /
Scanning Stage, 100 x 100 µm,
Capacitive Sensors, Parallel Metro-
logy, Sub-D Connector, Vacuum
Compatible down to 10-9 hPa

Ask about custom designs.

Application Examples

� Image processing / stabi-
lization

� Scanning microscopy

� Metrology / Interferometry 

� Biotechnology

� Semiconductor testing

� Mask / wafer positioning

� Micromanipulation

� Nanopositioning

High-Dynamics XY and XYZ Nanopositioning / Scanning Stages with Parallel Metrology
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P-733.3CD XY scanning stage with active Z-axis 
P-733 stages are ideal for single-molecule microscopy

P-733.2UD non-magnetic XY 
scanning stage for UHV to 10-9 hPa

Page references refer to PI's hardcover catalog
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Index
Technical Data

P-733.2CD P-733.3CD Units Tolerance

Active axes X, Y X, Y, Z

Motion and positioning

Integrated sensor Capacitive Capacitive

Open-loop travel, -20 to +120 V 115 x 115 115 x 115 x 12 µm min.

Closed-loop travel 100 x 100 100 x 100 x 10 µm

Open-loop resolution 0.2 0.2 in X, Y, 0.1 in Z nm typical

Closed-loop resolution 0.3 0.3 in X, Y, 0.2 in Z nm typical

Linearization 0.01 0.01 in X, Y, 0.03 in Z % typical

Repeatability <2 <2 in X, Y, 1 in Z nm typical

Pitch 2 1 µrad typical

Yaw 10 10 µrad typical

Mechanical properties

Stiffness in motion direction 1.4 1.4 in X, Y, 9.0 in Z N/µm ±20 %

Unloaded resonant frequency 460 460 in X, Y, 1400 in Z Hz ±20 %

Resonant frequency @ 120 g 340 340 in X, Y, 1060 in Z Hz ±20 %

Resonant frequency @ 200 g 295 295 in X, Y, 610 in Z Hz

Push/pull force capacity in motion direction 300 / 100 300 / 100 N Max.

Load 20 20 N Max.

Drive properties

Ceramic type PICMA® PICMA®

Electrical capacitance 6.0 per axis 6.0 in X, Y, 3.3 in Z µF ±20 %

Dynamic operating current coefficient 7.5 per axis 7.5 in X, Y, 40 in Z µA/(Hz x µm) ±20 %

Miscellaneous

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

Material Al Al

Mass 580 675 g ±5 %

Cable length 1.5 1.5 m ±10 mm

Sensor connection Sub-D Mix (CD-version) Sub-D Mix (CD-version)
4x LEMO (CL-version) 6x LEMO (CL-version)

Voltage connection Sub-D Mix (CD-version) Sub-D Mix (CD-version) 
2x LEMO (CL-version) 3x LEMO (CL-version)

Recommended controller/amplifier H, F, L H, F, L

P-733.2 dimensions in mm
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P-733.Z piezo Z-stages offer 
a positioning and scanning
range of 100 µm with sub-
nanometer resolution. The 
fast response and large clear
aperture are ideal for applica-
tions such as fast focusing,
scanning or 3D microscopy.
The settling time of the 
P-733.Z is in the 10 ms range.

Capacitive Sensors for 

Highest Accuracy

Capacitive sensors measure
position directly and without
physical contact. This makes
them free of friction and hys-
teresis, a fact which, in combi-
nation with the positioning res-

olution of well under 1 nm,
makes it possible to achieve
very high levels of linearity. 
A further advantage of direct
metrology with capacitive sen-
sors is the high phase fidelity
and the high bandwidth of up
to 10 kHz. The resolution of the
P-733.Z is better than 0.3 nm.

Capacitive position sensors
measure the actual motion of
the moving part relative to the
stationary base (Direct Metro-
logy). Errors in the drive train,
actuator, lever arm or in guid-
ing system do not influence the
measurements. The result is
exceptional motion linearity,
higher long-term stability and a
stiffer, more-responsive control
loop, because external influ-
ences are immediately recog-
nized by the sensor. The capac-
itive sensor non-linearity is typ-
ically less than 0.03 %, the
repeatability of the P-733.Z bet-
ter than 2 nm.

Superior Lifetime

Highest possible reliability is
assured by the use of award-

winning PICMA® multilayer
piezo actuators. PICMA® actua-
tors are the only actuators on
the market with ceramic-only
insulation, which makes them
resistant to ambient humidity
and leakage-current failures.
They are thus far superior to
conventional actuators in relia-
bility and lifetime. 

Large Variety of Models for a

Broad Range of Applications

For scanning and positioning
tasks in XY, the P-733.2CD 
and .3CD versions are available
with a travel range of 100 x 100
µm. For high-dynamics appli-
cations, the P-733.2DD and
.3DD models can be offered
with direct drive and reduced
travel range.

For ultra-high-vacuum applica-
tions down to 10-9 hPa, nano-
positioning systems as well as
comprehensive accessories,
such as suitable feedthroughs,
are available.

P-733.Z
High-Speed Piezo Z-Nanopositioning Stage with Direct Metrology

P-733.Z dimensions in mm

P-733.ZCD vertical piezo stage

� Travel Range 100 µm

� Fast: <8 ms Settling Time, 700 Hz Resonant Frequency

� Direct Metrology with Capacitive Sensors 

� Closed-loop Resolution to 0.3 nm 

� 50 x 50 mm Clear Aperture

� XY and XYZ Versions also Available

� Vacuum-Compatible Versions Available

Ordering Information

P-733.ZCD 

Z-Piezo Nanopositioning / Scanning
Stage, 100 µm, Capacitive Sensor, 
Sub-D Connector

P-733.ZCL

Z-Piezo Nanopositioning / Scanning
Stage, 100 µm, Capacitive Sensor,
LEMO Connector

Application Examples

� Scanning microscopy

� Confocal microscopy

� Mask / wafer positioning

� Surface inspection

� Nano-imprint

� Micromanipulation
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Piezo • Nano • Positioning

Technical Data

P-733.ZCD  Units Tolerance

P-733.ZCL

Active axes Z

Motion and positioning

Integrated sensor Capacitive

Open-loop travel, -20 to +120 V 120 µm min.

Closed-loop travel 100 µm

Open-loop resolution 0.2 nm typical

Closed-loop resolution 0.3 nm typical

Linearity 0.03 % typical

Repeatability <2 nm typical

Pitch <5 µrad typical

Yaw <5 µrad typical

Mechanical properties

Stiffness in motion direction 2.5 N/µm ±20 %

Unloaded resonant frequency 700 Hz ±20 %

Resonant frequency @ 120 g 530 Hz ±20 %

Resonant frequency @ 200 g 415 Hz ±20 %

Load 20 N Max.

Drive properties

Ceramic type PICMA®

Electrical capacitance 6 µF ±20 %

Dynamic operating current coefficient 7.5 µA/(Hz x µm) ±20 %

Miscellaneous

Operating temperature range -20 bis 80 °C

Material Al

Mass 580 g ±5 %

Cable length 1.5 m ±10 mm

Sensor connection Sub-D mix (CD-version)
2x LEMO (CL-version)

Voltage connection Sub-D mix (CD-version)
1x LEMO (CL-version)

Recommended controller/amplifier H, F, L

Step response of the P-733.ZCD. Settling time <8 msec for a 10 µm step
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P-713 · P-714
Low-Profile OEM XY Piezo-Scanners for Imaging Applications

P-713 / P-714 family piezo scan-
ners and positioners with trav-
el ranges of 15 x 15 µm feature
especially compact designs.
Ideal applications for the P-713
and P-714 are high-dynamics
scanning or tracking tasks.
Such tasks involve moving to
specific positions in a small
area (e.g. marked cells or CCD
photosites) and from there fol-
lowing or performing motion
with an amplitude of a few
microns. The resonant frequen-
cy of up to over 2 kHz makes for
settling times of a few millisec-

onds, even after a full-range
move, with closed-loop repeat-
ability of under 5 nm.

Flexibility

P-713 and P-714 nanoposition-
ers are offered in different ver-
sions for different applications.
The lowest-cost, basic version
of the P-713 offers guiding
accuracy in the motion plane of
50 µrad, a value generally good
enough for interlacing tasks in
scanning patterns of a few
microns.  For more demanding
applications, the P-714 offers
greater accuracy, typically 
5 µrad or <10 nm absolute.  If
servo-control is required and
no external position sensor is
available, the P-714.2SL ver-
sion is equipped with high-res-
olution strain gauge sensors
(SGS) which offer nanometer-
range resolution.

Superior Lifetime

Reliability is assured by the use
of award-winning PICMA®  mul-

tilayer actuators, which are
integrated into a sophisticated,
single-module, flexure guiding
system. The PICMA® actuators
feature cofired ceramic encap-
sulation and thus offer better
performance and reliability
than conventional piezo actua-
tors. The wire-EDM-cut flex-
ures are FEA modeled to make
them extremely precise. In
addition they are maintenance-
free and not subject to wear.

Notes

See the “Piezo Drivers &
Nanopositioning Controllers”
section, p. 6-8 ff. for our com-
prehensive line of low-noise
modular and OEM control elec-
tronics for computer and man-
ual control.

See the “Selection Guide” on
p. 2-14 ff. for comparison with
other nanopositioning systems.

Application Examples

� Interlacing, image resolu-
tion enhancement

� Quality assurance

� Optical metrology

� Microscopy

� Imaging

� CCD camera technology

Ordering Information

P-713.20L

XY Piezo Scanner, 15 x 15 µm, 
SGS Sensor

P-714.20L

XY Piezo Scanner, 15 x 15 µm,
Improved Guiding Accuracy, 
Open-Loop

P-714.2SL

XY Piezo Scanner, 15 x 15 µm,
Improved Guiding Accuracy, 
SGS Sensors

P-713 / P-714 dimensions in mm 

P-714 piezo scanner

� Ideal for Interlacing, CCD Resolution Enhancement

� Compact Size of only 45 x 45 x 6 mm

� Clear Aperture

� Highly Cost-Efficient Design

� 15 x 15 µm Travel Range

� Parallel-Kinematics Design for Higher Dynamics
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Index

Technical Data

Models P-713.20L P-714.20L P-714.2SL Units Notes see p. 2-84

Active axes X, Y X, Y X, Y

Open-loop travel @ -20 to 120 V (X/Y) 20 / 20 20 / 20 25 / 20 µm ±20% A2

Closed-loop travel - - 15 / axis µm A5

Integrated feedback sensor - - SGS B

* Open- / closed-loop resolution 0.1 / - 0.1 / - 1 / 0.1 nm C1

Closed-loop linearity (typ.) - - 0.3 %

Repeatability - - <5 nm

�X, �Y Typ. <1 µrad Typ. <1 µrad Typ. <1 µrad

<5 µrad <5 µrad <5 µrad

�Z Typ. <30 µrad Typ. <5 µrad Typ. <5 µrad
<50 µrad <15 µrad <15 µrad

Stiffness 0.8 0.8 0.8 N/µm ±20% D1

Max. normal load kg D4

Electrical  capacitance 1.5 / axis 1.5 / axis 1.5 / axis µF ±20% F1

** Dynamic operating current 1.7 / axis 1.7 / axis 1.7 / axis µA/(Hz x µm) F2
coefficient (DOCC)

Unloaded resonant frequency (X/Z) 2250 2250 2250 Hz ±20% G2

Resonant frequency @ 20 g load 1310 1310 1310 Hz ±20% G2

Resonant frequency @ 50 g load 1020 1020 1020

Resonant frequency @ 100 g load 460 460 460 Hz ±20% G2

Operating temperature range -20 to 80 -20 to 80 -20 to 80 °C H2

Voltage connection VL VL VL J1

Sensor connection - - L J2

Weight (with cable) 105 105 105 g ±5%

Body material S S S L

Recommended amplifier/controller A, G A, G D, H
(codes explained p. 2-17)

* For calibration information see p. 2-8. Resolution of piezo nanopositioners is not limited by friction or stiction. Noise equivalent motion with E-503 amplifier.
** Dynamic Operating Current Coefficient in µA per Hz and µm.

The resonant frequency of an unloaded P-713 / P-714 scanner is over 2 kHz.

The settling time for a 15 µm step is 2 ms
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PicoCube® High-Speed, XY(Z) Piezo Stages for Nanotechnology, SPM, AFM

P-363

Ultra-High-Performance

Scanner/Manipulator for

Nanotechnology

The P-363 PicoCube® XY/XYZ 
is an ultra-high-performance 
closed-loop piezo scanning
system. Designed for AFM,
SPM and nanomanipulation
applications, it combines an
ultra-low inertia, high-speed
XY/XYZ piezo scanner with
non-contact, direct-measuring,
parallel-metrology capacitive

feedback capable of 50
picometers resolution. On top
of being extremely precise, the
PicoCube® system is also very
small and rugged. Measuring
only 30 x 30 x 40 mm (30 x 30 x
26 mm for XY version), it is
easy to integrate in any scan-
ning apparatus.

AFM, STM, SPM, Nano-

lithography, Nanoimprinting,

Nanometrology

The PicoCube® was specifically
developed to overcome the
limitations of the open-loop
scanners currently available for
STM, AFM and SPM. In addi-
tion to these applications, the
PicoCube® is also the ideal
scanning and manipulation
tool for nanoimprinting, nano-
lithography, ultra-high-resolu-
tion, near-field, scanning opti-
cal microscopy and nano-sur-
face-metrology applications.

Higher Precision Through

Parallel-Motion Metrology

The PicoCube® is based on a
proprietary, ultra-fast, piezo-
driven scanner design equipped
with direct-measuring, ca-
pacitve position sensors (paral-
lel metrology). Unlike conven-
tional sensors, they measure
the actual distance between
the fixed frame and the moving
part of the stage. This results in
higher-motion linearity, long-
term stability, phase fidelity,
and—because external disturb-
ances are seen by the sensor
immediately—a stiffer, faster-
responding servo-loop. See p.
2-4 ff. and p. 5-2 ff. for more
information. 

PI capacitive sensor electronics
use the proprietary ILS (Inte-
grated Linearization System)
for enhanced linearity and are
less sensitive to EMI than other
high-resolution sensor sys-
tems.

With parallel metrology, all
sensors measure the position
of the same moving platform
against the same stationary
reference. This means that all
motion is inside the servo-
loop, resulting in superior
multi-axis precision (Active
Trajectory Control).

Nanometer Accuracy 

in 1 Millisecond with 

50-Picometer Resolution

PicoCube® systems provide re-
solution of 50 picometers and
below. The ultra-fast XY/XYZ
piezo drives offer resonant fre-
quencies of 9.8 kHz in Z and 
>3 kHz in X and Y! The high
resonant frequency and high-
bandwidth capacitive feedback
allow step and settle to 1%
accuracy in as little as one 
millisecond.

Rugged Design

In spite of its ability to move
and position on an atomic
scale, the PicoCube® boasts a

rugged design for real-world
applications. For extra-high
stability and reduced mass, the
body is precision machined
from heat-treated and stress-
relieved titanium. The sophisti-
cated frictionless design also
ensures that the (moving) top
plate protects the internal actu-
ator/sensor unit from contami-
nation.

Control

The PicoCube® controller is
based on the E-500, 19” rack-
mount chassis with one 
E-509.CA3 servo-controller and
three E-507.36 power amplifier
modules. This controller is
equipped with high-speed ana-
log interfaces (0 to 10 V). An
optional E-516 20-bit interface
module (see page 6-26) is also
available.

� Ultra-High-Performance Closed-Loop Scanner for AFM/SPM 

� Compact Manipulation Tool for Nanotechnology

� Resonant Frequency 9.8 kHz

� Ultra-High-Precision Capacitive Feedback

� Parallel-Motion Metrology for Highest Linearity and Stability

� 50 Picometers Resolution

� 5 x 5 x 5 µm Travel Range

� Very Small Package

� Rugged Design

P-363.2CD and .3CD (background)
PicoCube®, high-performance piezo posi-
tioning- and scanning systems. Smart
media card for size comparsion.

Application Examples

� Atomic Force Microscopy

� Micromanipulation

� Biotechnology

� Nanomanipulation

� Nanoimprinting

� Nanometrology

� Nanolithography

Ordering Information

P-363.3CD

PicoCube® XYZ Positioning- and
Scanning System, 5 x 5 x 5 µm,
Parallel-Motion Metrology,
Capacitive Sensors, 
Sub-D Connectors

P-363.3UD

Vacuum Version of P-363.3CD to 
10-9 hPa

P-363.2CD

PicoCube® XY Positioning- and
Scanning System, 5 x 5 µm,
Parallel-Motion Metrology,
Capacitive Sensors, 
Sub-D Connectors

P-363.2UD

Vacuum Version of P-363.2CD to 
10-9 hPa

P-363.3CL

PicoCube® XYZ Positioning- and
Scanning System, 5 x 5 x 5 µm,
Parallel-Motion Metrology,
Capacitive Sensors, 
Lemo Connectors

P-363.2CL

PicoCube® XY Positioning- and
Scanning System, 5 x 5 µm,
Parallel-Motion Metrology,
Capacitive Sensors, 
Lemo Connectors

Different travel ranges or 

dimensions on request.
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Technical Data

Models P-363.3CD P-363.2CD Units Notes see p. 2-84

Active axes X, Y, Z X, Y

Open-loop travel @ -250 to +250V 6, 6, 5.5 6, 6 µm A5

Closed-loop travel 5, 5, 5 5, 5 µm A2

Integrated feedback sensor capacitive capacitive B

* Closed- / Open-loop resolution 0.1 / 0.05 0.1 / 0.05 nm C1

Closed-loop linearity (X, Y, typ.) 1 1 nm

Max. load 10 10 N D4

Tilt, off-axis (typ.) 0.5 0.5 µrad

Electrical capacitance 60 (X, Y); 110 (Z) 60 nF ±20% F1

Unloaded resonant frequency (X, Y) 3.1 4.2 kHz ±20% G2

Unloaded resonant frequency (Z) 9.8 – kHz ±20% G2

Resonant frequency @ 20 g load (X, Y) 1.5 2.1 kHz ±20% G3

Operating temperature range -40 to 120 -40 to 120 °C H2

** Voltage and sensor connection Sub-D special Sub-D special J1

Weight (with cables) 225 190 g ±5%

Body material Titanium Titanium L

Recommended amplifier/controller E-500 rack, E-509, E-500 rack, E-509,
E-507.36 amplifier E-507.36 amplifier

Dimensions of the P-363.2CD in mm. Removable top plate.Dimensions of the P-363.3CD in mm. Removable top plate.

* For calibration information
see p. 2-8. 
Resolution of PI piezo nano-
positioners is not limited by
friction or stiction. The value
given is noise equivalent
motion with E-509.C3A con-
troller and E-507.36 
amplifier.

** P-363.xCL versions with Lemo
connectors

The P-363 set-
tles to within 
1 nm in 1 ms
(100 nm step, X
and Y motion;
faster response
in Z).

300 picometer steps (0.3 nm) performed with the P-363.
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World’s First Digital Piezo Nanopositioning
Controller on PCI Board

E-761 3-channel digital nanopositioning controller: very advanced control

technology in cost-effective PCI format to control up to three logical axes

duces the world’s first fully digital
piezoelectric nanopositioning con-
troller on a PCI board. 

The E-761 digital nanopositioning 
controller offers very advanced con-
trol technology in the cost-effective
PCI-board format. It is able to con-
trol nanopositioning systems with
up to three logical axes and four
piezo actuators.

Many of today’s high-tech appli-
cations, such as imaging, metrology,
scanning microscopy and surface
analysis require a combination of
high-speed motion control and high-
resolution vision. They also require
extremely fast data acquisition and
precise synchronization between 
the imaging and motion control
devices.  Peripheral components
with PCI bus interface are ideal for
these tasks, because the PCI bus 
was designed to give high-band-
width access to the microprocessor
in the PC. With the E-761, PI intro-

The PCI bus allows for very rapid
communication and easy integra-
tion with devices such as frame
grabbers – a feature which is very
advantageous in real-time data
acquisition applications or when
operating multiple axes or con-
trollers simultaneously.

The internal coordinate transfor-
mation means it is no problem to
operate complex, multi-axis stages,
such as three-axis X-Y-�Z stages 
or Z-tip-tilt platforms. In systems
with parallel metrology, the E-761
can also automatically compensate
undesired off-axis motion (active 
trajectory control), making it pos-
sible to attain motion accuracies in 
the sub-nanometer range. 

Of course, this digital controller 
has the technical refinements you
have come to expect from PI, such
as 32-bit digital filters, 24-bit 
DAC resolution, multi-stage sensor
and electronics linearization, plug &
play ID-chip support and an exten-
sive software support package.

New E-761 digital piezo controller
in the PCI-board format

P-541.2CD low-profile XY piezo stage with capacitive
sensors: a perfect fit for the E-761

PI Hexapod: Six-Axis Dental Measurement. Metrology. High Stiffness

News & Applications
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PIFOC® Revisited: P-737 Piezo-Z 
Microscopy Specimen Scanning Stage

PIFOC® P-737 high-speed vertical
positioning systems are designed for
integration into motorized XY micros-
copy stages of leading manufacturers
such as Märzhäuser. While the XY
stage positions the sample, the piezo
flexure-based P-737 moves the
sample along the optical axis to adjust
the focus quickly and precisely.
Vertical stepping with nanometer pre-
cision takes only a few milliseconds.
The large aperture is designed to
accommodate a variety of specimen
holders including slides or multiwell
plates.

High-speed Z-steps for fast focus
control and imaging

The immediate response of the solid-
state piezo drives enables rapid 
Z-steps with typically 10-to-20-times-
faster step-and-settle than classical
stepper motor drives. This leads to
significantly higher image acquisition
speed and throughput. The P-737 is
available with travel ranges of 100 or
250 µm and offers a choice of feed-
back sensors between strain gauge or
non-contact, capacitive position
sensors, depending on the accuracy
requirements.

The P-737 together with the E-625 piezo-controller, offers a cost-effective
system for high-speed, high-resolution positioning of microscopy
specimens. The controller features a choice of a 20-bit digital interface or
a broadband analog interface for the target position. 

The capacitive-sensor-equipped version can also be operated  with the
sophisticated E-753 digital servo-controller.  The main advantage of this
controller is its adaptability to changing load conditions on the piezo
stage. No matter what load is applied, the system can always provide an
optimum combination of speed, settling time and resolution.

Analog or Digital Systems

PIFOC® objective positioners and scanners
are available with travel ranges of up to
400 µm. QuickLock thread adapters enable
fast mounting of the PIFOC® on the micros-
cope and flexible replacement of objective

Settling time is in the 10 ms range –
here, 1 µm steps

PI is the inventor of high-speed
Piezo-Z objective steppers. Today
the term PIFOC® is practically
synonymous with all high-reso-
lution vertical drives for micro-
scope objectives. Depending on
the application, it can be advan-
tageous to adjust the sample
instead of the objective. While no
sample stage can beat the speed
of the fastest PIFOC® objective
positioners (due to the stiffer and
more compact design), the P-737
stage allows for convenient 
Z-stack imaging with multiple
objectives and very high through-
put.  Im both cases the effect
remains the same: the focal plane
moves through the sample. This
is why the P-737 is also marketed
under the PIFOC® trademark.

PI Hexapod: Six-Axis Dental Measurement. Metrology. High Stiffness

News & Applications
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Digitally Controlling 
the Nano-World – 
in up to 6 Axes

New Multi-Axis Piezo Controller Provides Higher Precision, Flexibility 

■ Versatile interfaces: TCP/IP for remote control through the internet;
additional USB 2.0 and the classic RS-232. Available high-resolution
analog inputs for direct control with high-bandwidth analog signals. 

■ 20-bit D/A converters make possible sub-nanometer position resolution,
even over long travel ranges of >1000 µm, like those of the new P-629
PIHera® piezo nanopositioning stages.  

■ Available high-power amplifier modules, to supplement the integrated
amplifiers for high-frequency scanning / tracking applications.

■ Software – tunable, proportional-integral, digital servo-control with 
2 notch filters allows operation of the piezomechanics closer to its
resonant frequency.

■ 600 MHz processor and sensor and servo update rates of up to 50 kHz
assure faster updating of the position and control data – especially
important for high-dynamics periodic motion. In addition, optional
Digital Dynamic Linearization, ensures that tracking errors are reduced
to the nanometer level even in high-dynamics scanning applications.

■ Internal coordinate transformation for parallel-kinematics systems with
user-friendly position commands in Cartesian coordinates.

Additional advantages:

The new, E-712 multi-axis piezo-con-
troller picks up where the successful
E-710 left off. It features a faster pro-
cessor, a real-time operating system
and significantly higher servo update

and sensor sampling rates to
provide extremely precise
coordinated motion in up to 6
degrees of freedom with nano-
meter precision. 

Mature operating software with in-
tuitive interfaces make operating 
the system almost child’s play. No
programming knowledge is needed,
whether commissioning, optimizing
system parameters, creating new
user-defined motion profiles for the
integrated wave generator, or re-
cording data generated during the
motion. The comprehensive package
of supporting software, including
LabVIEW drivers and DLLs, ensures
easy integration in a variety of sys-
tem environments.  

The E-712 controller 
is available in 3- and 6-channel
configurations.

PI Hexapod: Six-Axis Dental Measurement. Metrology. High Stiffness

News & Applications
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PicoCube®: Reference-Class System 
for Nanotechnology

The minute P-363 PicoCube®, together
with its reference-class, ultra-low-
noise E-536 driver/controller, are
ideally suited for nanotechnology
applications.  They provide signifi-
cantly higher dynamics, resolution
and positional stability than pre-
vious multi-axis scanning stages.
Nano-imprint lithography, scanning
microscopy and biotechnology bene-
fit from the extremely high resolution
of up to 25 picometers over travel
ranges of 5 µm per axis.

Controllers: Optimized for Highest
Resolution/Bandwidth 

Two controller versions are avail-
able. For high-speed scanning appli-
cations the E-536.3C high-power 
models featuring 100 watts per chan-

nel are recommended. The E-536.3CH
ultra-low noise versions are optimized
for highest positioning accuracy and
resolution in the picometer range.  

Compact 2-Axis and 3-Axis Stages 

The compact PicoCube® is available
as XY and XYZ system. It is based on
exceptionally robust, high-stiffness
shear piezo drives and employs non-
contact, direct-measuring, parallel-
metrology capacitive sensors for
position feedback.  

The low-inertia drives allow for a re-
sonant frequency of 10 kHz, important
for high speed scanning applications.
Measuring only 30 x 30 x 26 mm (XY
version), it is easy to integrate in any
scanning apparatus.  

New E-536 controllers enable even

higher resolution and bandwidth 

with the minute P-363 PicoCube®

piezo stages.

PI Hexapod: Six-Axis Dental Measurement. Metrology. High Stiffness

News & Applications

For more information, see p. 28
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Overview: Piezo Controllers and Drivers

E-500 – E-501 Modular Piezo Control Systems (HVPZT & LVPZT)

� For Piezo Nanopositioners with Capacitive Feedback Sensors
� 3-, 4- & 6-Channel Versions, 32-Bit Digital Filters
� Hardware and Firmware Linearization
� Coordinate Transformation for Parallel Kinematics /Parallel Metrology Systems 
� Optional Dynamic Digital Linearization (Firmware Option) Improves Scanning Linearity 
� ID Chip Support for Automatic Calibration
� Optional High-Speed Parallel I/O or DSP Interface

� Digital Controller of the Newest Generation: 600 MHz Processor; 
up to 50 kHz Sensor Update Rate; Highly Stable 20-bit D/A Converters

� Real-Time Operating System for Excellent Trajectory Control 
� Modular Design for Greatest Flexibility in Meeting Custom Requirements
� Auto-Calibrating from Stage ID-Chip for Interchangeability of Controller and   

Mechanics w/o Recalibration
� Flexible Interfacing: USB, RS-232 & Ethernet

� Next Generation Digital Controller Provides Higher Flexibility, Accuracy and Speed
� 100 kHz Sensor Sampling; 32-bit Floating Point DSP; 24-bit Low-Noise D/A Converters
� Automatic Calibration Data Coaching from Stage ID-Chip
� Additional High-Bandwidth Analog Control Input / Sensor Input
� Digital I/O Lines for Triggering Tasks
� Extensive Software Support
� For Nanopositioning Systems with Capacitive Sensors

� For High- and Low-Voltage Piezo Systems
� 19- and 9.5-Inch Chassis
� Optional Position Servo-Control Modules
� Optional Display and Digital Interface Module

 � Optional High-Bandwidth Analog Inputs and Outputs

E-712 Modular Digital Piezo Controller System, up to 6 Axes

E-753 Digital High-Speed Piezo Controller for Single-Channel Nanopositioning Systems

E-710 Multi-Channel Digital Piezo Controllers with Dynamic Linearization

See Online Datasheet Available at www.pi.ws

See p 32 or Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

� Optional Analog Input
� GCS (General Command Set) Compatible

For Closed-Loop & Open-Loop Piezo Stages / Actators, Digital & Analog Control 
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E-761 Digital Piezo Controller PCI Board for Piezo Stages


� Analog & Optional 20-Bit High Speed Digital Interface
� Single Channel, Network Capability with up to 12 Channels
� For Capacitive, LVDT and Strain Gauge Position Sensors
� Open-Loop and Closed-Loop Versions
� Stand Alone or Rack-Mount Operation

� Analog & 20-Bit High-Speed Digital Interface
� SGS, LVDT and Capacitive Sensor Servo-Control
� Wave Table for User-Defined Curves

� Network Capability with up to 4 or up to 12 Channels
� GCS (General Command Set) Compatible

� For Piezo Stages with Capacitive Sensors

� High-Speed PCI Interface

� 3 Logical Axes, 4 Piezo Amplifiers
� Additional High-Bandwidth Analog Interface

� 32-Bit Digital Filters

� 24-Bit Ultra-Low-Noise DAC Converters 

� Coordinate Transformation for Parallel-Kinematics / Parallel-Metrology Systems


E-625 and E-665 Piezo Amplifiers & Servo-Controllers

E-610, E-625, E-831 Piezo Amplifiers / Controller Modules with Optional Computer Interface

See Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

See Online Datasheet Available at www.pi.ws

See p. 30 or Online Datasheet Available at www.pi.ws

� Special Control Algorithms for NEXLINE® Nanopositioning Linear Drives
� 32-Bit Digital Filters 
� 24-Bit DAC Resolution
� Fully Programmable Low-Pass and Notch Filters
� Non-Volatile User Settings and Last-Position Data
� PI General Command Set Compatible

E-755 Digital Controller for NEXLINE® Nanopositioning Linear Drives


Piezo Controllers and Drivers
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Headquarters

GERMANY

Physik Instrumente (PI)

GmbH & Co. KG

Auf der Römerstr. 1
D-76228 Karlsruhe/Palmbach
Tel: +49 (721) 4846-0 
Fax: +49 (721) 4846-100
info@pi.ws · www.pi.ws

Subsidiaries

JAPAN

PI Japan Co., Ltd.

Akebono-cho 2-38-5
Tachikawa-shi
J-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
J-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
F-93694 Pantin Cedex
Tel: +33 (1) 481 039 38
Fax: +33 (1) 481 009 66
info@pi-france.fr
www.pi-france.fr


PI Ceramic GmbH

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

GREAT BRITAIN

PI (Physik Instrumente) Ltd.
Lambda House
Batford Mill
GB-Harpenden, Hertfordshire
AL5 5BZ
Tel: +44 (1582) 764 334
Fax: +44 (1582) 712 084
info@physikinstrumente.co.uk
www.physikinstrumente.co.uk

ITALY

Physik Instrumente (PI) S.r.l.

Via G. Marconi, 28
I-20091 Bresso (MI)
Tel: +39 (02) 665 011 01
Fax: +39 (02) 665 014 56
info@pionline.it
www.pionline.it

Program Overview

� Piezo Ceramic Actuators & Motors

� Piezo Nanopositioning Systems and Scanners

� Active Optics / Tip-Tilt Platforms

� Capacitive Nanometrology Sensors

� Piezo Electronics: Amplifiers and Controllers

� Hexapod 6-Axis Positioners / Robots

� Micropositioning Stages & Actuators

� Photonics Alignment Systems, Solutions for
Telecommunications

� Motor Controllers

� Ultrasonic Linear Motors

PI Nanopositioning & Piezo Actuator
Request or downlowd the complete

Catalog

Call or go to: http://www.pi.ws
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