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Miniature Nanopositioning Linear Stages

Flexure Drives, Closed Loop, Sub-Nanometer Precision
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Miniature Piezo Linear Nanopositioning Stages

P-772.1CD miniature piezo
nanopositioning / scanning stage (DIP
switch for size comparison)

P-752.11C provides ultra-straight motion
with sub-nanometer precision

P-712 piezo scanner for imaging
applications. Up to 40 pym travel range

P-611.1 low-cost flextensional linear
nanopositioning system, 100 ym

P-753.11C LISA nano-precision linear
actuator & positioning stage

e

PIHera® flexure-guided piezo
nanopositioning systems feature travel
ranges from 50 to1800um

P-603 low-cost flextensional piezo
actuators provide travel ranges to 0.5mm

PIEZDO NAND POSITIONING |

P-601 flextensional Z-actuator with
optional position feedback. Fast response
to sub-milliseconds feasible

P-602 flexure guided / | ever amplified
nanopositioning actuators family
provides travel ranges from 100um to
Tmm
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P-772 Miniature Stage

Ultra-Compact Piezo NanoAutomation® Stage with Direct Metrology

P-772.1CD piezo nanopositioning / scanning
stage (DIP switch for size comparison)

m Smallest Flexure-Guided Stage with Capacitive Feedback

M Ideal for Head/Media Test & Fiber Optics

H Resolution <0.1 nm

B Ultra-Fast Response (1.7 kHz Resonant Frequency)
B ID-Chip for Auto Calibrate Function

B Frictionless Precision Flexure Guiding System

B PICMAC® High-Performance Piezo Drives

P-772 nanopositioning stages
are the smallest flexure-guid-
ed, piezo-driven positioning
systems with integrated capac-
itive sensors currently avail-
able. They provide a position-
ing and scanning range of up
to 10 ym, sub-nanometer reso-
lution and ultra-fast response.

Nanometer Precision in
Milliseconds

Careful attention to mass mini-
mization, results in significant

reduction in inertial recoil

forces applied to the support-
ing structures, enhancing over-
all system response, through-
put and stability with settling
times in the millisecond range.
Furthermore our new digital
control electronics with DDL
(Dynamic Digital Linearization)
can be used to increase lineari-
ty and effective bandwidth in
scanning applications by up to

1000-fold (see p. 6-16).

AutoCalibration

For optimized operation and
interchangeability of nano-
mechanisms and controllers,

model P-772.1CD is equipped
with an ID-chip which holds all
calibration data and sends it
to the digital controller (e.g.
E-750.CP). Model P-772.1CL
can be used with either analog
or digital controllers.

Superior Accuracy Through
Direct-Motion Metrology with
Capacitive Sensors

P-772 stages 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 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.
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== ° P-772.1CD
© o] Ultra-Compact NanoAutomation®
f ! Stage, Capacitive Sensor,
10 ]2 AutoCalibrate, Sub-D Connector

Models

Active axes

Open-loop travel @ 0to 100 V
Closed-loop travel

Integrated feedback sensor

* Closed-loop / open-loop resolution

** Closed-loop linearity (typ.)
Full-range repeatability (typ.)
Stiffness

Push/pull force capacity
(in operating direction)
Max. () normal load
Lateral force limit
Electrical capacitance

*** Dynamic operating current
coefficient (DOCC)

Unloaded resonant frequency
Operating temperature range
Voltage connection

Sensor connection
Weight (w/o cables)

Body material

P-772.1CL

Ultra-Compact NanoAutomation®
Stage, Capacitive Sensor,

Lemo Connector

Ask about custom designs!

P-772.1CD P-772.1CL  Units

X X

12 12 pm +20%
10 10 pum
capacitive capacitive

0.05/0.05 0.05/0.05 nm

0.03 0.03 %

+1 +1 nm

7 7 N/um +20%
50/5 50/5 N

5 5 N

10 10 N

0.8 0.8 uF £20%
7.5 7.5 pA/(Hz x um)
1700 1700 Hz +20%
-20 to 80 -20 to 80 °C

ID VL

ID 2xC

170 170 g +5%

N-S N-S

PIEZDO NAND POSITIONING |

WWW.PI.WS



o
8
@©
2
°
2
[
c
>
c
@
>
Qo
el
[}
e
[
g
2
[}
Q
3
[z
o
©
g
©
©
<
[
2
8
c
I
3
o
<
=
2
[}
o
c
©
<
o
2
g
2
el
3
w
°)
o
o
o~
Q
Y4
s
(&)
=
I
el
£
&)
o
Q
2
c
[}
£
3
=1
12}
=
=
%
2
=
o

©
=)
I
o
[=2]
o
o
N
]
c
o
=
o
‘S
@
=
w
o
N
=
©
[&]
8
3
a
3
3
3
Z
©
el
©
o
c
3
o
©
Ny
o
o
<
Qo
K]
T
>
@©
@
@
2
9]
Q
<
[
8
©
©
o
o
(o}
3
©
2
e
=
?
[
3
[
=
()
=
=

P-712 Low-Profile Piezo Scanner
Compact OEM System

P-712 piezo scanner with up to 40 um travel range

H High Dynamic, to 5 ms Settling Time

B Travel Range up to 40 um
H Resolution to 0.2 nm

B Compact Design with Low Profile, 40 x 40 x 6 mm

B Clear Aperture 25 x 15 mm

B PICMA® High-Power Actuators

P -712 piezo scanners are ideal
for applications where limited
space requires small-sized
equipment. The high resonant
frequency allows for fast linear
scanning with 30 ym travel in
one axis and provides settling
times of about 5 ms. The P-712
linear scanner is offered in two
versions, one with SGS posi-
tion sensors for closed-loop
operation, and one without
sensors for open-loop.

A similar XY version is availa-
ble with product number P-713
/P-714

Excellent Guiding Accuracy

Flexures optimized with Finite
Element Analysis (FEA) are
used to guide the stage. FEA
techniques are used to give the
design the highest possible
stiffness in, and perpendicular
to, the direction of motion, and
to minimize linear and angular
runout. Flexures allow extre-
mely high-precision motion, no
matter how minute, as they are
completely free of play and fri-
ction.

Electric discharge machining
(EDM) with fine cutting wires is
used to obtain the required
precision for the flexures which

make up the guidance system
and determine the stiffness.

Optional Position Control

High-resolution, broadband,
strain gauge sensors (SGS) are
applied to appropriate loca-
tions on the drive train and
measure the displacement of
the moving part of the stage
relative to the base indirectly
The SGS sensors assure opti-
mum position stability in the
nanometer range and fast res-
ponse.

Ceramic Insulated Piezo
Actuators Provide Long
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.
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Settling time for the P -712 at 30 pm is in the 5 ms range
Model P-712.1SL Units
Active axes X
Motion and positioning
Integrated sensor SGS
Open-loop travel, -20 to +120 V 40 um
Closed-loop travel 30 um
Closed-loop resolution 2 nm
Open-loop resolution 0.2 nm
Linearity, closed-loop 0.3 %
Repeatability +5 nm
Pitch +5 prad
Yaw +20 prad
Mechanical properties
Stiffness in motion direction 0.6 N/pm
Unloaded resonant frequency 1550 Hz
Resonant frequency under load 1090 (20 g) Hz
Push/pull force capacity in motion direction 6 N
Load capacity 5 N
Lateral Force 6 N
Drive properties
Ceramic type PICMA® P-882
Electrical capacitance 0.3 uF
Dynamic operating current coefficient 1.3 uA/(Hz e p
Miscellaneous
Operating temperature range -20 to 80
Material Stainless steel
Dimensions 40 x40 x 6 mm
Mass 0.095 kg
Cable length 1.5 m
Voltage connection LEMO
Sensor connector LEMO

PIEZO NANO POSITIONING |
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P-753 LISA Linear Actuator & Stage

High-Dynamics, Very Stable Piezo Nanopositioner

P-753.11C LISA nano-precision actuators / positioning stages

B Versatile Design: Flexure Stage or Actuator

B Resolution 0.05 nm, Rapid Response

B Capacitive Sensors for Highest Linearity

M Frictionless Precision Flexure Guidance for Frictionless,

Ultra-Straight Motion

B Outstanding Lifetime Due to PICMA® Piezo Actuators
B Vacuum-Compatible and Nonmagnetic Versions Available

The P-753 LISA (Linear Stage
Actuators) high-speed nanopo-
sitioners can be used both as
linear actuators or as transla-
tion stages. They are equipped
with  capacitive  feedback
sensors, frictionless, flexure
guiding systems and high-
performance piezo drives
providing a positioning and
scanning range of up to 38 um

Application Examples

m Disc-drive-testing

m Metrology

m Nanopositioning

m Scanning microscopy

m Photonics / integrated
optics

m Interferometry

m Biotechnology

with very fast settling time and
extremely low tip/tilt error.

Direct-Drive Design for Fastest
Response

The direct-drive design, togeth-
er with careful attention to
mass minimization, results in
significant reduction in inertial
recoil forces applied to the sup-
porting structures, enhancing
overall system response,
throughput and stability with
settling times in the millisec-
ond range.

Pl's proprietary capacitive sen-
sors measure position directly
and without physical contact.
They are free of friction and
hysteresis, a fact which, in
combination with the position-
ing resolution of well under
1 nm, makes it possible to
achieve very high levels of line-

tive sensors is the high phase
fidelity and the high bandwidth
of up to 10 kHz.

Automatic Configuration

The ,,.CD” versions are equip-
ped with an ID-chip that stores
all individual stage data and
servo-control parameters. This
data is read out automatically
by the AutoCalibration Func-
tion of Pl's digital piezo con-
trollers. Thus, digital control-
lers and nanopositioning sta-
ges with ID-chip can be operat-
ed in any combination.

High Reliability and Long
Lifetime

The compact P-753 LISA sys-
tems are equipped with pre-
loaded PICMA® high-perfor-
mance piezo actuators which
are integrated into a sophisti-
cated, FEA-modeled, flexure
guiding system. The PICMA®
actuators feature cofired
ceramic encapsulation and
thus offer better performance
and reliability than convention-
al piezo actuators. Actuators,
guidance and sensors are
maintenance-free and not sub-
ject to wear, and thus offer an
extraordinary reliability.

Pl

Ordering Information

P-753.11C

LISA High-Dynamics
Nanopositioning System, 12 ym,
Direct Metrology, Capacitive Sensor,
LEMO Connector

P-753.21C

LISA High-Dynamics
Nanopositioning System, 25 pym,
Direct Metrology, Capacitive Sensor,
LEMO Connector

P-753.31C

LISA High-Dynamics
Nanopositioning System, 38 pym,
Direct Metrology, Capacitive Sensor,
LEMO Connector

P-753.1CD*

LISA High-Dynamics
Nanopositioning System, 12 ym,
Direct Metrology, Capacitive Sensor,
Sub-D Connector

P-753.2CD*

LISA High-Dynamics
Nanopositioning System, 25 ym,
Direct Metrology, Capacitive Sensor,
Sub-D Connector

P-753.3CD*

LISA High-Dynamics
Nanopositioning System, 38 pm,
Direct Metrology, Capacitive Sensor,
Sub-D Connector

*Vacuum versions to 10° hPa are
available as P-753.xUD, non-mag-
netic vacuum versions can be
ordered as P-753.xND.

Physik Instrumente (Pl) GmbH & Co. KG 2008. Subject to change without notice. All data are superseded by any new release.

The newest release for data sheets is available for download at www.pi.ws. Cat120E Inspirations2009 08/10.18

arity. A further advantage of

m Micromanipulation direct metrology with capaci-

©
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P-753.1 dimensions in mm, Picture sub text 03 P-753.3 dimensions in mm, max.
max. torque at M2.5 threads: P-753.2 dimensions in mm, max. torque at M2.5 threads: 30 Ncm
30 Ncm torque at M2.5 threads: 30 Ncm
Technical Data
Model P-753.11C P-753.21C P-753.31C P-753.1CD P-753.2CD P-753.3CD Units Tolerance
Active axes X X X X X X
Motion and positioning
Integrated sensor Capacitive Capacitive Capacitive Capacitive Capacitive Capacitive
Closed-loop travel 12 25 38 12 25 38 um calibrated
Closed-loop / open-loop resolution 0.05 0.1 0.2 0.05 0.1 0.2 nm typ., full travel
Linearity, closed-loop 0.03 0.03 0.03 0.03 0.03 0.03 % typ.
Repeatability +1 +2 +3 +1 +2 +3 nm typ.
Pitch / yaw +b +7 +10 +5 +7 +10 prad typ.
Mechanical properties
Stiffness in motion direction 45 24 16 45 24 16 N/um +20 %
Unloaded resonant frequency 5.6 3.7 2.9 5.6 3.7 2.9 kHz +20 %
Resonant frequency @ 200 g 25 1.7 1.4 25 1.7 1.4 kHz +20 %
Push/pull force capacity 100/ 20 100/ 20 100/ 20 100/ 20 100/ 20 100/ 20 N Max.
in motion direction
Load capacity 10/2 10/2 10/2 10/2 10/2 10/2 kg Max.
(vertical/horizontal mounting)
Drive properties
Ceramic type PICMA® P-885 PICMA® P-885 PICMA® P-885 PICMA® P-885 PICMA® P-885 PICMA® P-885
Electrical capacitance 1.5 3.1 4.6 1.5 3.1 4.6 uF +20 %
Dynamic operating current coefficient 12 15 15 12 15 15 pA/(Hz ® pm) £20 %
Miscellaneous
Operating temperature range -20 to 80 -20 to 80 -20 to 80 -20 to 80 -20 to 80 -20 to 80 S
Material Stainless steel Stainless steel Stainless steel Stainless steel Stainless steel Stainless steel
Dimensions 44x30x15 44x30x62 44x30x80 44x30x15 44x30x62 44x30x80 mm
Mass 0.15 0.205 0.25 0.16 0.215 0.26 kg +5%
Cable length 1.5 1.5 1.5 1.5 1.5 1.5 m +10 mm
Sensor / voltage connection LEMO LEMO LEMO Sub-D Special Sub-D Special Sub-D Special

Resolution of Pl Piezo Nanopositioners is not limited by friction or stiction. Value given is noise equivalent motion with E-503 (p. 2-146) amplifier.

Recommended controller / amplifier

LEMO connector: E-500 (p. 2-142) piezo controller system with E-505 high-power amplifier (p. 2-147) and E-509 servo module (p. 2-152)

Sub-D special connector: E-610 servo controller / amplifier card (p. 2-110), E-625 servo controller, bench-top (p. 2-114), E-665 high-power display controller, bench-top (p. 2-116),
E-753 digital controller (p. 2-108)

NANO POSITIONING WWW._PI.WS
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P-752 High Precision Nanopositioning Stage

High-Dynamics, Very Stable Piezo Scanner with Extreme Guiding Accuracy

P-752.11C piezo nanopositioning system

B 0.1 nm Resolution, Fast Response

M Travel to 35 pm

B Capacitive Sensors for Highest Linearity
B Flexure Guidance for Frictionless, Ultra-Straight Motion
B Outstanding Lifetime Due to PICMIA® Piezo Actuators

P-752 series high-speed nano-
positioning stages are extre-
mely precise devices, providing
a positioning and scanning
range up to 30 ym with very
rapid settling and extremely
low tip/tilt errors. These stages
were specially designed for
high-speed dithering and disk
drive testing applications.

Direct-Drive Design for Fastest
Response

The direct-drive design, toget-

Application Examples

m Disc-drive-testing

m Metrology

m Nanopositioning

m Scanning microscopy

m Photonics / integrated op-
tics

m Interferometry
m Biotechnology

m Micromanipulation

her with careful attention to
mass minimization, results in
significant reduction in inertial
recoil forces applied to the
supporting structures, enhanc-
ing overall system response,
throughput and  stability.
In  combination with the
E-500 controller system the
P-752.11C stage with 300 g load
settles to better than 1% with
less 10 msec.

P-752 stages are equipped with
capacitive sensors providing
sub-nanometer resolution and
stability. PI's proprietary capac-
itive sensors measure position
directly and without physical
contact. They are free of friction
and hysteresis, a fact which, in
combination with the position-
ing resolution of well under 1
nm, makes it possible to
achieve very high levels of lin-
earity. Further advantages of di-
rect metrology with capacitive
sensors are the high phase fi-
delity and the high bandwidth
of up to 10 kHz.

Automatic Configuration

The “.CD” versions are equip-
ped with an ID-chip that stores
all individual stage data and
servo-control parameters. This
data is read out automatically
by the AutoCalibration function
of Pl's digital piezo controllers.
Thus, digital controllers and
nanopositioning stages with ID-
chip can be operated in any
combination.

Higher Precision in Periodic
Motion

The highest dynamic accuracy
in scanning applications is
made possible by the DDL al-
gorithm, which is available
in most of Pl's modern digital
controllers. DDL eliminates
tracking errors, improving dy-
namic linearity and usable

Pl

Ordering Information

P-752.11C

High-Dynamics Piezo Nanoposi-
tioning System, 15 pm, Direct
Metrology, Capacitive Sensor,
LEMO Connector

P-752.21C

High-Dynamics Piezo Nanoposi-
tioning System, 30 pm, Direct
Metrology, Capacitive Sensor,
LEMO Connector

P-752.1CD

High-Dynamics Piezo Nanoposi-
tioning System, 15 pm, Direct
Metrology, Capacitive Sensor, Sub-
D Connector

P-752.2CD

High-Dynamics Piezo Nanoposi-
tioning System, 30 pm, Direct
Metrology, Capacitive Sensor, Sub-
D Connector

bandwidth by up to three or-
ders of magnitude!
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Response of a P-752.11C to a square wave control signal with 3 nm amplitude shows
true sub-nm positional stability, incremental motion and bidirectional repeatability
(measured with E-501 & E-503.00 & E-509.C1 controller, bandwidth set to 240 Hz)

tilt @y / urad

1 - I L L

I I L L L

0 1 2 3 4
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control input/V

forward

-~ backward

Typical 0.5 prad bidirectional trajectory repeatability (P-752.11C stage) means processes
may be performed bidirectionally for twice the productivity

PIEZO NANO POSITIONING |
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High Reliability and

Long Lifetime

The compact P-752 systems
are equipped with preloaded
PICMA® high-performance pie-
zo actuators which are inte-
grated into a sophisticated,
FEA-modeled, flexure guiding
system. The PICMA® actuators
feature cofired ceramic encap-
sulation and thus offer better
performance and reliability
than conventional piezo actua-
tors. Actuators, guidance and
sensors are maintenance-free
and not subject to wear, and
thus offer an extraordinary reli-
ability.

Technical Data
Model
Active axes
Motion and positioning
Integrated sensor
Open-loop travel, -20 to +120 V
Closed-loop travel
Closed-loop / open-loop resolution
Linearity, closed-loop
Repeatability
Pitch / yaw
Mechanical properties
Stiffness in motion direction
Unloaded resonant frequency
Resonant frequency @ 300 g
Push/pull force capacity
in motion direction
Load capacity
Drive properties
Ceramic type
Electrical capacitance
Dynamic operating current coefficient
Miscellaneous
Operating temperature range
Material
Dimensions
Mass
Cable length
Sensor / voltage connection
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P-752.1xx dimensions in mm

P-752.11C
X

Capacitive
20

15

0.1

0.03

+1

+1

30
3200
980
100/10

30

PICMA® P-885
21
17

-20 to 80
Stainless steel
66 x 40 x 13.5
0.25

1.5

LEMO

P-752.
X

Capac!
20

15

0.1
0.03
+1

+1

30
3200
980
100/1

30

1CD P-752.21C

X
itive Capacitive
35
30

20

2100

600
0 100/10

30

PICMA® P-885 PICMA® P-885

2.1
17

-20 to

0.25

156
Sub-D

3.7
15
80 -20 to 80
Stainless steel Stainless steel
66 x40x 13.5 84x40x 13.5
0.35
1.5
Special LEMO

P-752.2CD
X

Capacitive
35
30

20

2100
600
100/10

30

PICMA® P-885
&7/
15

-20 to 80
Stainless steel
84 x40 x 13.5
0.35

1.5

Sub-D Special

Units

um
um
nm
%

nm

prad

N/um
Hz

uF

YA/(Hz ® ym)

°C

kg

Tolerance

min. (+20 %/-0 %)
calibrated

typ.

typ.

typ., full travel
typ.

+20%
+20 %
+20%
Max.

Max.

+20 %

+20 %

+5%

+10 mm

Resolution of Pl Piezo Nanopositioners is not limited by friction or stiction. Value given is noise equivalent motion with E-503 (p. 2-146) amplifier.

Recommended controller / amplifier

LEMO connector: E-500 piezo controller system (p. 2-142) with E-505 high-power amplifier (p. 2-147) and E-509 servo module (p. 2-152)
Sub-D special connector: E-610 servo controller / amplifier (p. 2-110), E-625 servo controller, bench-top (p. 2-114), E-665 high-power display controller, bench-top

(p. 2-116), E-753 digital controller (p. 2-108)

PIEZO NANO POSITIONING |
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P-611.1 Piezo Nanopositioner, 100 pm Low Cost

Cost-Effective, Compact Linear Positioning System

P-611.1 linear nanopositioning system,
100 pm travel, resolution of 0.2 nm

B Compact Design: Footprint 44 x 44 mm

B Travel Range to 120 pm
B Resolution to 0.2 nm

B Cost-Effective Mechanics/Electronics System Configurations
B Outstanding Lifetime Due to PICMA® Piezo Actuators
B Z Stage, XY, XZ and XYZ Versions Available

P-611.1 piezo stages are flex-
ure-guided nanopositioning
systems featuring a compact
footprint of only 44 x 44 mm.
The linear stages described
here are part of the P-611 fami-
ly of positioners available in

1 to 3 axis configurations. De -
spite their small dimensions,
the systems provide up to
120 pm travel with sub-nano -
meter resolution. They are
ideally suited for positioning
tasks such as optical-path
length correction in interfero -
metry, sample positioning in
microscopy or scanning appli-
cations. Equipped with
ceramic-encapsulated pie zo
drives and a stiff zero-stiction,
zero-friction flexure guiding

Application Examples

m Micromachining
m Microscopy
m Micromanipulation

m Semiconductor testing

system, all P-611 piezo stages
combine millisecond respon-
siveness with nanometric pre-
cision and extreme reliability.

Closed-Loop and Open-Loop
Versions

High-resolution, fast-respond-
ing, strain gauge sensors
(SGS) are applied to appropri-
ate locations on the drive train
and provide a high-bandwidth,
nanometer-precision position
feedback signal to the con-
troller. The sensors are con-
nected in a full-bridge configu-
ration to eliminate thermal
drift, and assure optimal posi-
tion stability in the nanometer
range.

The open-loop models are
ideal for applications where
fast response and very high
resolution are essential, but
absolute positioning is not
important. They can also be
used when the position is con-
trolled by an external feedback
system such as an interferome

ter, a PSD (position sensitive
diode), CCD chip /image pro-
cessing system, or the eyes
and hands of an operator.

Versatility & Combination
with Motorized Stages

The P-611 family of piezo sta -
ges comprises a variety of sin-
gle- and multi-axis versions
(X, XY, Z, XZ and XYZ) that can
be easily combined with a
number of very compact man-
ual or motorized microposi-
tioning systems to form
coarse/fine positioners with
longer travel ranges (see p.
2-36, 2-50 ff).

High Reliability and Long
Lifetime

The compact P-611 systems
are equipped with preloaded
PICMA® high-performance
piezo actuators which are inte-

Pl

Ordering Information

P-611.10
Linear Nanopositioning System,
120 pm, No Sensor

P-611.1S
Linear Nanopositioning System,
100 um, SGS-Sensor

grated into a sophisticated,
FEA-modeled, flexure guiding
system. The PICMA © actuators
feature cofired ceramic encap-
sulation and thus offer better
performance and reliability
than conventional piezo actua-
tors. Actuators, guidance and
sensors are maintenance-free
and not subject to wear , and
thus offer an extraordinary re -
liability.

Histogram
100 T T
gaussian fit
10=27nm
80 f— -
60 | o
: [
3
s .
* . |
- !
P-611.1S
repeatability
h‘hw_ sauals
a 1 2.7 nm
49 885 49 880 46 885 §0.000 50 005 S0.mo0 50015
position [um]
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Technical Data
Model P-611.1S P-611.10 Unit
Active axes X X
Motion and positioning
Integrated sensor SGS -
Open-loop travel, -20 to 120 V 120 120 um
Closed-loop travel 100 - pm
Open-loop resolution 0.2 0.2 nm
Closed-loop resolution 2 - nm
Linearity, closed-loop 0.1 - %
Repeatability <10 - nm
Pitch +5 +5 prad
Yaw +20 +20 prad
Flatness 10 10 nm
Mechanical properties
Stiffness in motion direction 0.2 0.2 N/pm
Unloaded resonant frequency 400 400 Hz
Resonant frequency @ 30 g 300 300 Hz
Resonant frequency @ 100 g 195 195 Hz
Push/pull force capacity in motion direction 15/ 10 15/10 N
Load capacity 15 15 N
Drive properties
Ceramic type PICMA® P-885 PICMA® P-885
Electrical capacitance 1.5 1.5 uF
Dynamic operating current coefficient 1.9 1.9
Miscellaneous
Operating temperature range -20 to 80 -20 to 80 °C
Material Aluminum, steel Aluminum, steel
Dimensions 44 x 44 x 17 44 x 44 x 17 mm
Mass 0.135 0.135 kg
Cable length 1.5 1.5 m
Voltage connection LEMO LEMO
Sensor connector LEMO -

ANO POSITIONING

Tolerance

min. (+20 %/0 %)
calibrated

typ.

typ.

typ.

typ.

typ.

typ.

typ.

+20 %
+20 %
+20 %
+20 %
Max.
Max.

+20 %

pA/(Hz ® um) £20 %

+5%

+10 mm

Resolution of Pl Piezo Nano-
positioners is not limited by
friction or stiction. Noise
equivalent motion with
E-503 amplifier (p. 2-146).
Dynamic Operating Current
Coefficient in yA per Hz and
pm. Example: Sinusoidal
scan of 50 ym at 10 Hz
requires approximately

0.9 mA drive current.

Recommended controller /
amplifier

E-610 servo controller /
amplifier (p. 2-110), E-625
servo controller, bench-top
(p. 2-114), E-665 powerful
servo controller, bench-top
(p. 2-116), for open-loop
systems:

E-660 bench-top (p. 2-119)
for multiple independent
axes:

E-621 controller module
(p. 2-160)
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Pl

PIHera® Piezo Linear Stage Family, to 1.8 mm, High Precision

Compact Nanopositioning System Family with Long Travel Ranges

~-17

PIHera® piezo nanopositioning systems feature travel ranges from 50 to 1800 um

M Travel Ranges 50 to 1800 pm
M High-Precision, Cost-Efficient
B Resolution to 0.1 nm

H Direct Metrology with Capacitive Sensors

W 0.02 % Positioning Accuracy

M Frictionless, High-Precision Flexure Guiding System
B Outstanding Lifetime Due to PICMA® Piezo Actuators

B X-, XY-, Z-, XYZ Versions

B Vacuum-Compatible Versions Available

Single-axis PIHera®systems are
piezo-nanopositioning stages
featuring travel ranges from
50 to 1800 pm. Despite the in-
creased travel ranges, the units
are extremely compact and pro-
vide rapid response and high
guiding precision. This and the
long travel range is achieved
with a friction-free and ex-
tremely stiff flexure system.

Interferometry

Microscopy

Nanopositioning

Biotechnology

Quality assurance testing

Semiconductor technology

The PlIHera® piezo nanoposi-
tioning series also includes
Z- and XY-stages (see p. 2-40,
p. 2-54).

Nanometer Precision in Mil-
liseconds

One of the advantages of PI-
Hera® stages over motor-
driven positioning stages is
the rapid response to input
changes and the fast and pre-
cise settling behavior. The
P-622.1CD, for example, can
settle to an accuracy of 10 nm
in only 30 msec (other Pl stages
provide even faster response)!

Superior Accuracy
With Direct-Metrology
Capacitive Sensors

A choice of tasks such as opti-
cal path adjustment in interfer-
ometry, sample positioning in
microscopy, precision align-
ment or optical tracking require

the relatively long scanning
ranges and nanometer preci-
sion offered by PlHera®
nanopositioning stages.

Pl's proprietary capacitive sen-
sors measure position directly
and without physical contact.
They are free of friction and
hysteresis, a fact which, in com-
bination with the positioning
resolution of well under
1 nm, makes it possible to
achieve very high levels of lin-
earity. A further advantage of
direct metrology with capaci-
tive sensors is the high phase fi-
delity and the high bandwidth
of up to 10 kHz.

Designed for Precision

High stiffness is achieved with
the FEA-optimized design of the
frictionless flexure elements,
which assure excellent guiding
accuracy and dynamics. A
straightness and flatness in the
nanometer range is achieved.

System properties

System configuration

Ordering Information

P-620.1CD* / P-620.1CL*

PIHera® Precision Piezo Linear
Nanopositioning System, 50 um, Di-
rect Metrology, Capacitive Sensor

P-621.1CD* / P-621.1CL*

PlHera® Precision Piezo Linear
Nanopositioning System, 100 ym,
Direct Metrology, Capacitive Sensor

P-622.1CD* / P-622.1CL*

PIHera® Precision Piezo Linear
Nanopositioning System, 250 ym,
Direct Metrology, Capacitive Sensor

P-625.1CD* / P-625.1CL*

PIHera® Precision Piezo Linear
Nanopositioning System, 500 ym,
Direct Metrology, Capacitive Sensor

P-628.1CD* / P-628.1CL*

PlHera® Precision Piezo Linear
Nanopositioning System, 800 um,
Direct Metrology, Capacitive Sensor

P-629.1CD* / P-629.1CL*

PIHera® Precision Piezo Linear
Nanopositioning System, 1500 pm,
Direct Metrology, Capacitive Sensor

*.1CD with Sub-D Connector
*.1CL with LEMO Connector

Open-loop versions are available
as P-62x.10L.

Vacuum versions to 10° hPa

are available as P-62x.1UD.

P-625.1CD and E-500 modular piezo controller sy-

stem with E-505.00F amplifier and E-509.C1A
servo controller; 250 g load

Closed-loop amplifier 30 Hz
bandwidth, large signal
Settling time (full travel) 31 ms

position /um

commanded position
measured position with
measured position with

Rapid scanning motion of a P-621.1CD (commanded rise time 5 ms) with the E-710 con-
troller ##600300 and Digital Dynamic Linearization (DDL) option. DDL virtually eliminates
the tracking error (<20 nm) during the scan. The improvement over a classical Pl
controller is up to 3 orders of magnitude, and increases with the scanning frequency
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P-62x.1CD/.1CL/.10L dimensions in mm

Technical Data

Model P-620.1CD/  P-621.1CD/
P-620.1CL P-621.1CL

Active axes X X

Motion and positioning

Integrated sensor Capacitive Capacitive

Open-loop travel, -20 to +120 V. 60 120

Closed-loop travel 50 100

Closed-loop / open-loop resolution  0.2/0.1 0.4/0.2

Linearity, closed-loop 0.02 0.02

Repeatability +1 +1

Pitch / yaw +3 +3

Mechanical properties

Stiffness in motion direction 0.42 0.35

Unloaded resonant frequency 1100 800

Resonant frequency @ 20 g 550 520

Resonant frequency @ 120 g 260 240

Push/pull force capacity 10 10

in motion direction

Load capacity 10 10

Lateral Force 10 10

Drive properties

Ceramic type PICMA® PICMA®
P-883 P-885

Electrical capacitance 0.35 1.5

Dynamic operating 0.9 1.9

current coefficient

Miscellaneous

Operating temperature range -20 to 80 -20 to 80

Material Aluminum Aluminum

Dimensions 30x30x12 40x40x15

Mass 0.11 0.16

Cable length 1.5 1.5

Sensor / voltage connection CD version:  CD version:
Sub-D special Sub-D special
CL version: CL version:
LEMO LEMO

P-622.1CD/
P-622.1CL

X

Capacitive
300

250
0.7/0.4
0.02

+1

+3

0.2
400
340
185
10

10
10

PICMA®
P-885
3.1

1.9

-20 to 80
Aluminum
50 x 50 x 15
0.2

1.5

CD version:
Sub-D special
CL version:
LEMO

P-625.1CD/  P-628.1CD/
P-625.1CL P-628.1CL
X X
Capacitive Capacitive
600 950

500 800
1.4/0.5 1.8/0.5
0.02 0.03*

+5 +10

+6 +6

0.1 0.12

215 125

180 115

110 90

10 10

10 10

10 10

PICMA® PICMA®
P-885 P-887

6.2 19

1.6 3

-20to 80 -20 to 80
Aluminum Aluminum
60 x 60 x 15 80x80x17
0.24 0.38

1.5 1.5

CD version: CD version:
Sub-D special Sub-D special
CL version: CL version:
LEMO LEMO

PIHera® XYZ combination,
P-62x.2 XY piezo stage (see
p. 2-54), P-62x.Z vertical
stage (see p. 2-40)

P-629.1CD/ P-62x.10L Units Tolerance

P-629.1CL/ open-loop version

X X

Capacitive -

1800 as P-62x.1CD um min.
(+20 %/-0 %)

1500 - um calibrated

3/2 as P-62x.1CD nm typ.

0.03** - % typ.

+14 - nm typ.

+10 as P-62x.1CD prad typ.

0.13 as P-62x.1CD N/um +20%

125 as P-62x.1CD Hz +20%

120 as P-62x.1CD Hz +20%

110 as P-62x.1CD Hz +20%

10 as P-62x.1CD N Max

10 as P-62x.1CD N Max

8 as P-62x.1CD N Max

PICMA® as P-62x.1CD

P-888

52 as P-62x.1CD uF +20%

4.3 as P-62x.1CD PA/(Hz e pm) £20%

-20 to 80 -20 to 150 °C

Aluminum Aluminum

100 x 100 x 22.5  as P-62x.1CD mm

0.72 as P-62x.1CD kg +5%

1.5 15 m +10 mm

CD version: LEMO

Sub-D special (no sensor)

CL version:

LEMO

Resolution of Pl Piezo Nanopositioners is not limited by friction or stiction. The value given is noise equivalent motion with E-710 controller (p. 2-128).

*With digital controller. For analog controller 0.05 %.
**With digital controller. For analog controller 0.07 %.
Recommended controller / amplifier

CD version: E-610 servo controller / amplifier (p. 2-110), E-625 servo controller, bench-top (p. 2-114), E-665 powerful servo controller, bench-top (p. 2-116)
Single-channel digital controller: E-753 (bench-top) (p. 2-108)
CL version: E-500 modular piezo controller system (p. 2-142) with E-505 amplifier module (high power) p. 2-147 and E-509 controller (p. 2-152)
Open-loop version: E-500 modular piezo controller system (p. 2-142) with E-505 amplifier module (high power) (p. 2-147)
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P-601 PiezoMove™ -Actuator
Flexure-Guided OEM Piezo Actuator with Long Stroke to 400 pm

T H L
P-601.1x 16,5 | 465
P-601.3x 18,0 | 645
P-601.4x = 205 | 825

s fix here—_| I
1Y
The flexure guiding system prevents
tip and tilt at the drive head
M Flexure Guidance for Frictionless, Ultra-Straight Motion E il L
EI I -
M Travel Ranges to 400 pm [ | &
M Resolution to 0.2 nm moving iES
B High Dynamics and Stiffness - =
P ,

B Custom Designs with Longer Travel or Faster Response and
Non-Magnetic Versions Feasible

B Outstanding Lifetime Due to PICMA® Piezo Actuators

= |
—
—
L= 200 mm @ T
0/+10 mm PZT

M Choice of Closed-Loop and Open-Loop Models

S
2
8
5 P-601.1S P-601.4S Units
z M Ideal OEM Actuator for Precision Motion Control in Optics, P-601.1SL P-601.4SL s
; Medical, Biotech and Microfluidics Applications Active axes z z
> . ) Motion and positioning
2 The flexure-guided, lever-am- OEM Actuator with Integrated | d . sGs
< plified PiezoMove™ P-601 actu-  Guidance it
b3 t ide | tical Open-loop travel, -20 to +120 V 100 400 um
s ators provide large vertica . P - :
% : | p ‘ 200 fast With their highly precise, fric- Closed-loop travel 100 400 um
® rave rangesdulf. Oh “m' .as tionless flexure guidance, a Open-loop resolution 0.2 0.4 nm
s response and high positioning : : _
£o accuracy in a verv small pack- very hlg_h stiffness and' excel Closed-loop resolution 2 12 nm
S8 cY very p lent straightness of motion are Linearity, closed-loop 0.1 0.3 %
<g age. With settling times ofonly  achieved. Together with their .
£2 a few milliseconds and a reso- : ; Repeatability 8 30 nm
= small dimensions and the cost-
S |ution in the sub-nanometer : : Runout 8y, 8y 20/10 20/10 Hrad
5 ¢ 3 effective design, the P-601 lever Mechanical broperties
2z range they are well suited for amplified actuators are espe- oo ical properti
S 3 i i i . . . tiffness in motion direction 0.8 0.28 N/pm
S ¢ both static and dynamic appli- a1y suited for OEM applica- Unloaded o 50 550 y .
=2 . . .
5 - cations. tions. Versions with noaded resonant requency z
g?g P-601 PiezoMove™ lever-ampli- strain-gauge sensors (SGS) are Resonant frequency @ 30g 620 290 Hz
EE fied actuators cover the range equipped with a full bridge Push/pull force capacity 15/10 N
= ; : o L. . in motion direction
§)§ between direct-driven pre-  cjrcuit that is insensitive to ther- Lateral force 30 N
62 loaded piezo translators, such  ma| drift. Versions without sen- Dri "
(ggg as the P-840 series (see gors are also available for C"ve p,rotpe es PICMA® P-885
2¢ p.1-74) and single-axis nanopo-  open-loop applications such as eramictype
g E sitioning stages, like the jp high-speed switches and Electrical capacitance 4.6 uF
z g P-611 series (see p. 2-20). Com-  pumps. In addition to the stan-
2 . . . .
£ 2 pared to direct-driven piezo  dard steel models, special invar Miscellaneous
=& translators, lever-amplified ac-  zpd non-magnetic versions are Operating temperature range -20 to 80 °C
22 tuators offer larger travel ayailable on request. Material Stainless steel ~ Stainless steel
[V} . .

£ & ranges and much higher lateral  ceramic Insulated Piezo Actua- Mass without cables 0.05 0.1 kg
e stiffness and guiding precision.  {ors Provide Long Lifetime Cable length S-version: 0.3 S-version: 0.3 m
[=Sn73 . . H . H .
= Compared to single-axis nano- Highest bl liability i SL-version: 1.5 SL-version: 1.5
£ 2 positioning stages, they offer ighest possible reliability Is ?S' Sensor / voltage connection  S-version: S-version:
T2 Gonifi | I . sured by the use of award-win- open leads open leads
o significantly smaller sizes. . . .

ning PICMA® multilayer piezo SL-version: SL-version:

actuators. LEMO LEMO

PIEZO NANO POSITIONING | WWW.PI.WS



P-603 PiezoMove Linear Actuator
Low-cost and with Large Travel Ranges

© Physik Instrumente (Pl) GmbH & Co. KG 2009. Subject to change without notice. All data are superseded by any new release.

The newest release for data sheets is available for download at www.pi.ws. R1 10/06/02.0

P-603 linear actuators with 500 and 100 pm travel
range (from left to right). CD for size comparison

B Frictionless, High-Precision Flexure Guiding System

H Travel Ranges to 500 pm
B Cost-Effective Design

B Outstanding Lifetime Due to PICIMIA® Piezo Actuators

B Available with Integrated Position Sensor

M Ideal OEM Actuators for Precision Motion Control in Optics,
Medical, Biotech and Microfluidics Applications

B Custom Designs with Larger Travel or Faster Response and
Non-Magnetic Versions Feasible

P-603 PiezoMove flexure-gui-
ded piezo actuators integrate a
frictionless high-efficiency mo-
tion amplifier to combine large
travel ranges up to 500 um with
high stiffness and very fast re-
sponse. The flexure guides re-
duce tip at the drive head to a
minimum saving the cost for
additional guiding systems
when integrating these actua-
tors in micro-dispensing devi-
ces, pumps or servo valves.
The overall precision of 10s of
nanometers also makes these
devices ideal for nanomanipu-
lation applications.

Options and Custom Versions

For OEM applications, Piezo-
Move actuators can be modi-
fied in various ways to suit the
customer’s requirements. The
stiffness and force generation
can be influenced via the lever
design and the dimensions of
the piezo ceramics used in the
actuator.

Technical Data (preliminary)
Model

Active axes

Motion and positioning
Integrated sensor

Open-loop travel, -20 to +120 V
Closed-loop travel
Open-loop resolution
Closed-loop resolution
Linearity, closed-loop
Repeatability

Mechanical properties
Stiffness in motion direction
Unloaded resonant frequency
Blocking force

Drive properties

Ceramic type

Electrical Capacitance
Dynamic operating

current coefficient
Miscellaneous

Operating temperature range
Material

Dimensions

Mass

Cable length

Sensor / voltage connection

Recommended controller / amplifier

P-603.1S0 P-603.3S0
P-603.1SL P-603.3SL

X X

SGS SGS

100 300

100 300

0.2 0.3

2 4

0.3 0.3

8 10

0.25 0.14

900 450

20 35

PICMA® P-885 PICMA® P-885
1.5 3.1

1.9 1.3

-20 to 80 -20 to 80
Stainless steel Stainless steel
31x18x5 50x20x5
0.02/0.031 0.032/0.043
0.5 0.5
S-version: S-version:
open leads open leads
SL-version: SL-version:

LEMO connector
(SGS Sensor)

LEMO connector
(SGS Sensor)

E-610 controller / amplifier see p. 2-110, E-625 bench-top controller see p. 2-114

Pl

+1
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IL g;o:mg
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i' P-603.1xx II 3 "15}5 zc? 1 1'3['1.5 [ g ;

- R RS Ak AR AL an
P-603.5S0 P-603.x00 Units
P-603.5SL oper_l-loop

versions
X X
SGS -
550 as P-603.xS0 um
500 - um
0.4 as P-603.xS0 nm
7.5 - nm
0.3 - %
30 - nm
0.06 as P-603.xS0 N/um
300 as P-603.xS0 Hz
25 as P-603.xS0 N
PICMA® P-885 PICMA® P-885
3.7 as P-603.xS0 uF
1.6 as P-603.xS0 uyA/(Hzepm)
-20 to 80 -20 to 80 °C
Stainless steel Stainless steel
51x20x5 as P-603.xS0 mm
0.038/0.049 as P-603.xS0 kg
0.5 0.5 m
S-version: Open leads
open leads
SL-version:

LEMO connector
(SGS Sensor)
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P-602 High Stiffness Flexure Actuators, to 1000 um
Integrated Guiding System, High Force and Large Travel Ranges

= LB R
- P-602.1xx 28 [ 17 | 9
\ P6023xx | 46 | 19 | §
P-6025x | 85 | 26 | 9
R T P-6028xx | 126 | 34 | 14
= \ P602.1x8 | 28 | 22 | 14
H H | P-6023x8 | 46 | 24 | 14
\ | P6025x8 85 | 31 | 14
I T T ™M A C
1 0 = i
| i P-602.Txx
(&) - > — ) Pas o | M25 | 6 | 6
i [ v OLeIXX "M25 | 6 | 6
| 3 Pg02 o |-M25 6
z g M25 | 6 | 6
= e P-602.8xx 1 T
F 3 oV S N 1V LK
& 2 P-602, 158 _|—an =2
H H HLLL L 14 M25 | 6 | 11
—— ] T P-602.3x8 |-p?
3 | P-802.5x8 |5
1 T M25 | 6 [ 11
c 110 401 M7 4 A4 1
H - B 4 Le

P-602 linear actuator - -

family featuring travel ranges

0f 100, 500, and 1000 ym (from left to right) M Frictionless Flexure Guiding System for Straight Motion

B Integrated Motion Amplifier for Travel Ranges to 1 mm

B High Dynamics and Stiffness, Forces to 400 N, Backlash-
Free Construction

B Outstanding Lifetime Due to PICMA® Piezo Actuators

M Available with Integrated Position Sensor

B Custom Designs with Larger Travel or Faster Response

and Non-Magnetic Versions Feasible

@

12}
% Model P-602.100 P-602.300 P-602.500 P-602.108 P-602.308 P-602.508 P-602.800 Units Tolerance
: P-602.1S0 P-602.3S0 P-602.5S0 P-602.1S8 P-602.3S8 P-602.5S8 P-602.8S0

e P-602.1SL P-602.3SL P-602.5SL P-602.1L8 P-602.3L8 P-602.5L8 P-602.8SL

z Active axes X X X X X X X
2 Motion and
3 positioning
el

] Integrated sensor -/ SGS/SGS -/SGS/SGS -/SGS/SGS -/SGS/SGS -/SGS/SGS -/SGS/SGS -/SGS/SGS

035 Open-loop travel, 120 300 600 100 300 500 1000 um min.
o -20to +120 V (+20%/-0)
; Closed-loop travel -/100/100 -/300/300 -/500/500 -/100/100  -/300/300 -/500/500 -/1000/1000 um

o

§ < Open-loop 0.2 0.3 0.4 0.2 0.3 0.4 0.5 nm typ.
<3 resolution
§(§ Closed-loop -12/2 -/3/3 -/3/3 -12/2 -/3/3 -/3/3 -1717 nm typ.
2 « resolution
=]
é = Linearity, -/0.5/0.5 -/0.5/0.5 -/0.5/0.5 -/0.5/0.5 -/05/0.5 -/0.5/0.5 -/15/15 % typ.
S g closed-loop

;-’ag Repeatability -/10/10 -/20/20 -/35/35 -/10/10 -/20/20 -/35/35 -/60/60 nm typ.
25 Mechanical

o T -
o8 properties
g 5 Stiffness in 0.8 0.35 0.3 2.3 0.75 0.65 0.4 N/um +20%
§ ? motion direction
3 ﬁ Unloaded 1000 450 230 1000 450 230 150 Hz +20%
Qs resonant frequency
™ E Blocking force 80 105 150 230 225 325 400 N max.

: @©
S Drive properties
s 2
3 Ceramic type PICMA® PICMA® PICMA® PICMA® PICMA® PICMA® PICMA®

£ f@ P-885 P-885 P-885 P-888 P-888 P-888 P-888
o3
=3 Electrical 1.5 3.1 6.2 6 13 26 39 uF +20%
<5 Capacitance

é 2 Dynamic operating 1.9 1.3 1.6 7.5 5 6 4 pA/(Hzepm) + 20%
R current coefficient
2 3 Miscellaneous
'_Uiv § Operating -20 to 80 -20 to 80 -20 to 80 -20 to 80 -20 to 80 -20 to 80 -20to 80 °C 1
T 2 temperature range
©F

Material Stainless steel Stainless steel Stainless steel Stainless steel Stainless steel Stainless steel Stainless steel
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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

m Ultrasonic Linear Motors

Request or download the complete
Pl Nanopositioning & Piezo Actuator
Catalog

USA (East) & CANADA

Pl (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

JAPAN

Pl 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

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

Pl France S.A.S

244 bis, avenue Max Dormoy
92120 Montrouge

Tel: +33(1) 5522 60 00

Fax: +33 (1) 41 48 56 62
info.france @pi.ws
www.pi-france.fr

GERMANY

Physik Instrumente (PI)
GmbH & Co. KG

Auf der ROmerstr. 1

D-76228 Karlsruhe/Palmbach
Tel: +49 (721) 4846-0

Fax: +49 (721) 4846-100

info @pi.ws - www.pi.ws

USA (West) & MEXICO

Pl (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

Pl 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

UK & IRELAND

Pl (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

1-20091 Bresso (Ml)

Tel: +39 (02) 665 011 01

Fax: +39 (02) 873 859 16
info@pionline.it
www.pionline.it
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