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

E-710 digital piezo controllers
are the most advanced and 
flexible controllers for piezo
nanopositioning and scanning
stages on the market. Based on
powerful 32-bit DSPs (digital
signal processor) they include
integrated, low-noise power
amplifiers for piezo actuators
and excitation/read-out electro-

nics for extremely high-resolu-
tion capacitive position sensors.
E-710s provide up to 8 piezo 
driver channels, 7 sensor chan-
nels and the processing power
for coordinated control of up to
6 logical axes, making them
superior to controllers based on
a number of individual, inde-
pendent single-axis modules.

Active Trajectory Control,

Enhanced Multi-Axis Accuracy

E-710s have a number of
advantages over conventional
piezo controllers: Sensor and
actuator axes need not be
parallel to each other, or to the
orthogonal logical axes used to
command the system. For
instance, rotation can be added
to XY-motion, or tilt errors can
be reduced. The flexible coor-
dinate transformation algo-
rithm permits operation of
complex, multi-axis, parallel
metrology stages, such as the
P-587 with 6 degrees of free-
dom (p. 2-82).

With parallel motion metrolo-
gy, the controller monitors all
controlled degrees of freedom
relative to “ground” (the fixed
frame) and uses each actuator
to compensate the undesired
off-axis motion of the others
automatically (active trajectory
control). High-end nanoposi-
tioning systems with active tra-
jectory control can attain
motion accuracies in the sub-
nanometer range.

Examples of stages with paral-
lel kinematics and parallel
metrology are the low-profile
P-541 XY-stages, PIMars 
P-560 series, P-527, high-speed
P-733 and 6DOF P-587 series 
in the “Nanopositioning and
Scanning Systems” section.

Two Notch Filters

All E-710 controllers now have
two notch filters as standard.
The notch filters are anchored
in firmware and are active only
in servo-on mode. Their func-
tion is to damp out the me-
chanical resonances and im-
prove the dynamics of the po-
sitioning system.

Three Linearization Systems

In order to achieve the highest
degree of linearity over the en-
tire travel range, the E-710 uses

a number of innovative techni-
ques: A hardware-based sys-
tem in the sensor-processing
electronics known as ILS
(Integrated Linearization Sys-
tem); a firmware-based system
designed to linearize the entire
electronics and mechanics sec-
tions; and an additional system
(standard on 6-channel ver-
sions), implementing Dynamic
Digital Linearization (see p. 
6-16).

Signal Paths to 15 Meters

A remote sensor interface box
is now available for applica-
tions where the distance be-
tween the mechanics and elec-
tronics is greater than 10 m.
This DST option (digital sen-
sor-signal transmission), inclu-
des a compatible E-710 con-
troller. It is designed  to reduce
the interference that begins to
degrade performance when
the analog sensor excitation
and readout signal paths
exceed 10 m. The connection
between the sensor box and
the controller can be up to 15 m
(for bigger distance please
request), as the digital signals
it carries are far more robust.

� 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

� Optional Analog Input

� GCS (General Command Set) Compatible

Ordering Information

See “Ordering Information / Option

Matrix” on next page

Options and Accessories

E-710.SCN

Firmware with Dynamic Digital
Linearization (DDL)

E-710.1x3

Sub-D-Piezo Mechanics Extension
Cable for E-750 / E-710 controllers,
1 Channel, 3 m

E-710.3x3

Sub-D Piezo Mechanics Extension
Cable / E-710.3CD Controller, 3 m

E-710.3x5

Sub-D Piezo Mechanics Extension
Cable / E-710.3CD Controller, 5 m

E-710.3x6

Sub-D Piezo Mechanics Extension
Cable / E-710.3CD Controller, 6.2 m

Ask about custom designs!

E-710 data acquisition and analysis functions (Bode plots, etc.) help optimize
performance of nanopositioning systems in any application

E-710.6CD 6-axis Digital Piezo Controller shown with custom
Super-Invar 6-DOF piezo flexure nanopositioning stage
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Piezo • Nano • Positioning

Active Optics / 
Steering Mirrors

Tutorial: Piezo-
electrics in Positioning

Capacitive Position
Sensors

Piezo Drivers & Nano-
positioning Controllers

Hexapods /
Micropositioning

Photonics Alignment
Solutions

Motion Controllers

Ceramic Linear 
Motors & Stages

Nanopositioning &
Scanning Systems

Piezo Actuators

Index

Technical Data

Models E-710.3CD / E-710.P3D E-710.4CD / E-710.4CL / E-710.C4D E-710.6CD / E-710.6SD

E-710.A3D / E-710.APD / E-710.APS E-710.4PD / E-710.P4D / E-710.P4L

Function Digital piezo Digital piezo Digital piezo 
controller and controller and controller and 
power amplifiers power amplifiers power amplifiers

Channels 3 4 6

Sensors Capacitive sensors Capacitive sensors Capacitive sensors

Processor 32-bit, floating-point DSP 32-bit, floating-point DSP 2 x 32-bit, floating-point DSP

Sampling rate 50 µs (sensor), 200 µs 50 µs (sensor), 200 µs 40 µs (sensor), 200 µs 
(servo-loop, 3 axes) (servo-loop, 4 axes) (servo-loop, 6 axes)

Effective resolution, DAC 20-bit 20-bit 20-bit

Max. output power 25 W / channel 25 W / channel 25 W / channel 

Average output power 6 W / channel 6 W / channel 6 W / channel

Peak current <20 ms 60 mA / channel 60 mA / channel 60 mA / channel

Current limits Short-circuit proof Short-circuit proof Short-circuit proof

Output voltage -20 to +110 V -20 to +110 V -20 to +110 V 

Computer interfaces RS-232 and IEEE 488 (GPIB) RS-232 and IEEE 488 RS-232 and 
(all models, ASCII commands); IEEE 488 (GPIB) 
PIO (E-710.Pxx and .xPx only)

Software PZTControl™, NanoCapture™, PZTControl™, NanoCapture™, PZTControl™, NanoCapture™, 
LabView Drivers, DLLs LabView Drivers, DLLs LabView Drivers, DLLs

Dimensions 450 x 88 x 343 mm + handles 450 x 88 x 343 mm + handles 450 x 88 x 343 mm + handles

Weight 7 kg 7 kg 7 kg 

Power consumption (max) 60 W 60 W 120 W

Operating voltage 90 to 120 or 220 to 264 VAC, 90 to 120 or 220 to 264 VAC, 90 to 120 or 220 to 264 VAC,
50 to 60 Hz 50 to 60 Hz 50 to 60 Hz

Ordering Information / Option Matrix Ordering Numbers for Models with Special Interfaces

Channels Connectors Base Model PIO Analog Analog + PIO DST + Analog

3 3 CH. E-710.3CD E-710.P3D E-710.A3D E-710.APD E-710.APS 
Special Sub-D (incl. PIO interface)

4 4 x LEMO E-710.4CL E-710.P4L - - -

4 4 x Special E-710.4CD E-710.P4D - - -
Sub-D 1 CH.

4 3 CH. Special E-710.C4D E-710.4PD - - -
Sub-D + 1 CH. 
Special Sub-D

6 2 x 3 CH. E-710.6CD - Standard - E-710.6SD
Special Sub-D

The digital sensor-signal transmission (DST) allows a distance 
up to 15 m between positioning unit and controller.
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Dynamic Digital Linearization (DDL)

DDL Improves Scanning

Linearity up to 1000-Fold

Conventional PID (proportion-
al-integral-derivative) piezo
servo-controllers cannot com-
pletely eliminate phase lag and
tracking errors (the difference
between actual and target posi-
tions)  in dynamic operation.
This is due to the nonlinear
nature of PZT material, the lim-
ited control bandwidth, and the

fact that a PID controller needs
to see an error before it
attempts to correct it.

DDL (option order number 
E-710.SCN, included as stan-
dard on 6-channel versions)
solves this problem. This PI-ex-
clusive technology reduces
phase lag and tracking error
(the difference between the
commanded position and actu-

al position) in dynamic applica-
tions to virtually indiscernible
levels. The result is an impro-
vement in dynamic linearity
and usable bandwidth of up to
three orders of magnitude. Dy-
namic Digital Linearization
works both in single-axis and
multi axis applications (see
graphs).

Communication / Software

Standard Interfaces

Fast RS-232 and IEEE 488
(GPIB) interfaces are standard
features of all E-710 controller
versions. Positioning com-
mands can be formulated di-
rectly in SI units (e.g. microns
and microradians), a feature
which facilitates programming
the system. In addition, param-
eters for the servo-loop, low-
pass and notch filters are easi-
ly optimized and can be stored
in non-volatile memory. 

Optional DSP or 

PIO Interface for Higher

Communication Speeds

The parallel interface (PIO) by-
passes the command parser
and allows reading and writing
up to 20,000 positions per sec-
ond.

The optional DSP Link is a
binary interface which can
carry 5,000 commands per sec-
ond (3,125 Mbits/s) in both
directions.

A DSP or PIO interface can be
ordered with a 3- or 4-channel
unit only.

Analog Input / Autofocus

The analog input—standard on
all 6-channel E-710s—can be
configured in one of two 
ways:

a) As a control input—the
applied voltage can be con-
nected with one of the avail-
able axis and is interpreted e.g.
as a position value.

b) As an external sensor—e.g.
used as autofocus instead of
an integrated sensor.

Integrated Wave Generator &

Look-up Table

The Wave Generator in the 
E-710 controller makes possi-
ble synchronous motion of dif-
ferent axes according to user-
specified patterns (predefined
either with mathematical func-
tions, or arbitrarily as up to
65,535 points, stored in an
internal table). Programmable
trigger inputs and outputs facil-
itate synchronization of exter-
nal events.

Extensive Software Support

The E-710 controller comes
with a large variety of software
tools, such as the NanoCap-
ture™ system analysis pro-
gram, LabView™ drivers and
DLL’s for easy setup, system
optimization and integration in
application-specific programs.

General Command Set: (GCS)

Easy and Flexible

General Command Set (GCS) is
PI’s universal command set for

uniform control of nano- and
micropositioning systems.
Almost all newer PI piezo con-
trollers and PI motion con-
trollers including hexapods
support the command set. By
GCS the control is independent
of the used hardware, so that
different devices can be con-
trolled together or new devices
can be used with minimum
programming expenditure. 

The production of own applica-
tion programs becomes clearly
simpler owing to GCS, since
the commands for all support-
ed devices are identical in syn-
tax and function. Otherwise
necessary training can be omit-
ted completely. Application
development is accelerated by
the use of the GCS command
set observably, since comfort-
able high-level functions are
used. This decreases at the
same time the error probabili-
ty. The simple use of the GCS
takes place in form of a univer-
sal PI-LabView™ driver set
(VIs), a Windows® Dynamic
Link Library (DLL), or a COM-
Object. For more information
on GCS, see p. 9-28.

Nanopositioning system with conventional
PID servo-controller: Single-axis motion in
response to a triangular scanning signal at
312 Hz; the difference between target and
real position is 2.6 µm.

E-710 with DDL: same single-axis motion as
before (312 Hz triangle wave), the difference
between target and real position is 
indiscernable (only about 7 nm).

Elliptical scan in a laser micro-drilling appli-
cation with XY piezo scanning stage, con-
ventional controller. The outer curve 
describes the target position, the inner
curve shows the actual motion of the stage.

Same scan as before, with Dynamic Digital
Linearization. The tracking error has been
reduced to a few nanometers, real and 
target positions are indiscernable on the
graph.©
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Piezo • Nano • Positioning

Active Optics / 
Steering Mirrors

Tutorial: Piezo-
electrics in Positioning

Capacitive Position
Sensors

Piezo Drivers & Nano-
positioning Controllers

Hexapods /
Micropositioning

Photonics Alignment
Solutions

Motion Controllers

Ceramic Linear 
Motors & Stages

Nanopositioning &
Scanning Systems

Piezo Actuators

Index

E-710
NanoCapture™ Software for E-710 Digital Piezo Controller

System setup and programming
is eased by a number of soft-
ware tools provided, such as
DLLs, LabView™ drivers and the
NanoCapture™ system analysis
program. NanoCapture™ per-
mits convenient system opti-
mization and displays system
settling behavior, resonant fre-
quency, Bode plots, etc. No addi-
tional sophisticated metrology
equipment is required, because
the nanopositioners are already
equipped with direct-metrology
capacitive sensors.

System Optimization 

These features are especially
useful when the mechanical
properties of a factory-calibrat-
ed system are changed by, for
example, increasing or de-
creasing the load.

In such a case, parameters
such as servo-gain, notch-filter
frequency, or the position sen-
sor’s zero point can be adjusted
to maintain optimum system
response and stability. 

Wave Generator Handling

In addition to its system analy-
sis and optimization functions,
the NanoCapture™ software
allows convenient operation
and programming of the wave
generator built into the E-710
controller:

� Programming Complex
Functions

� Easy access to simple 
functions like sine-, 
triangle-, and squarewave,
as well as coordination 
of two axes for executing 
a circular trace.

� Saving defined waveforms
in the controller 

� Facilitates Optimization of all Servo Parameters

� Measures System Response and Resonant Frequency, 

Creates Bode Plots

� Wave Generator for Programming Simple and Complex

Motions

Step response of a closed-loop nanopositioning stage with optimal servo-control
parameters. 

The E-710 Wave Generator has a number of predefined functions such as sine,
triangle and square wave which can be conveniently scaled and combined
using NanoCapture™.

Step response of a poorly damped, open-loop nanopositioning stage.
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