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In contrast to this, Shack-Hartmann sensors
are able to measure a very broad range
of spherical and aspherical lenses as well
as partially or fully assembled objectives
due to their large dynamic range. In addi-
tion the high measurement frequency al-
lows for real time testing and analysis.

Real Time Wavefront Sensors and Turnkey
Solutions

With the WaveSensor® series a variety of
Shack-Hartmann wavefront sensors opti-
mized for different measurement applica-
tions is available. The WaveSensor® is inte-
grated into existing laboratory or produc-
tion setups or used for in-field testing. An
additional module which is attached easi-
ly to the WaveSensor® allows for the mea-
surement of surface form in reflection.  

The WaveMaster® instruments are Shack-
Hartmann based turnkey solutions for
quality assurance, research and develop-
ment, and production environments. They
are employed for example in laboratories,
institutes or mobile phone industry.

COMPREHENSIVE WAVEFRONT MEASUREMENT

Aspheric Lens Testing Using Shack-Hart-
mann Sensors

Aspheric lenses are of increasing impor-
tance in today’s optical industry. In a mul-
titude of different areas of application sin-
gle aspheric lenses are used to build com-
pact imaging systems. 

All of these have to be checked not only
for the imaging properties of the final lens
system but also for the quality of the inter-
mediate products during assembly as well
as the single lenses itself. 

In most of the cases conventional meth-
ods cannot be used for this kind of testing.
Although e.g. the measurement of the
modulation transfer function is a well 
established method for fast and accurate
quality inspection of entire objectives it
has its limitation for non imaging systems.

3

Comprehensive Wavefront
Measurement

WaveMaster® PRO, WaveMaster® COMPACT, WaveMaster® LAB, 



WaveMaster® LAB

has been optimized for research and de-
velopment in a laboratory environment. It
provides an optical bench which allows for
different infinite and finite conjugate mode
setups for measurement in transmission. In

addition the surface profile is
measured using the optional
reflection module.

WaveMaster® IOL

has been optimized for the
measurement of intraocular
lenses in air or in situ with a
model eye.

WaveMaster® PRO

has been designed for the
fully automatic test of large
numbers of samples in a
production environment. All
instruments feature a high
degree of automation and
ease of use. 

In addition to the measure-
ment of individual samples,
wafer lenses are measured
(WaveMaster® PRO Wafer). 

Furthermore WaveMaster®

PRO Reflex allows for fast
sur face profi le measure-
ment in production.

High Resolution and Accu-
racy

All these instruments feature
high spatial resolution and
accuracy (up to < �/20).
They are available with dif-
ferent setup options which
include amongst others fi-

WaveMaster® COMPACT

is ideally suited for fast quality control and
simple research and development mea-
surement tasks. The table top instrument
can be adapted to different lens types
with only a few steps.

COMPREHENSIVE WAVEFRONT MEASUREMENT
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WaveMaster® COMPACT



nite or infinity conjugates configuration or
setup in transmission or reflection. 

The comprehensive software for
WaveSensor® as well as WaveMaster®

works in real time and provides various
ways of measuring and displaying the
wavefront. It includes extended analysis
features and data saving options.  

Shack-Hartmann Sensor, Wavefront Analy-
sis and Different Setups 

Shack-Hartmann Sensor

The standard design of a Shack-Hartmann
sensor consists of a CCD camera which is

MEASUREMENT PRINCIPLE
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WaveMaster® LAB in operation

Fig.: 1 Schematic setup of a Shack-Hartmann sensor with an a) incoming plane wavefront and b) incoming diverging
wavefront.

Measurement Principle



Real Time Wavefront Analysis

Zernike Polynomials

The measured wavefront is decomposed
into a linear combination of Zernike poly-
nomials which describe typical optical
properties and errors of a lens or lens sys-
tem as e.g. defocus, coma or astigma-
tism. 

The polynomial decomposition gives a nu-
merical representation of any kind of
aberration of the sample. These have ba-
sically two sources: aberrations directly
linked to the design of the lens, most likely
spherical terms, and asymmetric contribu-
tions due to lens errors. 

MTF, PSF and Strehl ratio

The effects of aberrations are also charac-
terized by calculating the Point Spread
Function (PSF), Modulation Transfer Func-
tion (MTF) or Strehl ratio of the optical 
system which are obtained from the
wavefront. The MTF is as well known as the
modulus of the Optical Transfer Function. 

The wavefront measurement and its fur-
ther analysis give a full spatially resolved
description of the imaging characteristics
of the lens under test.

placed in the focal plane of a microlens
array. An incoming wavefront is sampled
by the lenses of the microlens array and
the foci form a spot pattern on the cam-
era which would be evenly spaced in
case of a plane wavefront. Any aberra-
tion introduced by the sample lens leads
to a curvature of the wavefront thus result-
ing in local wavefront tilts. These induce a
measurable shift of each focus spot posi-
tion (Fig. 1). 

A numerical integration of the obtained
slope information allows for reconstruction
of the wavefront profile with high accura-
cy. Using state of the art computers this
wavefront reconstruction is done within
the CCD camera frame rate i.e. within
fractions of a second even if large, high
resolution arrays are used. 

High Dynamic Range Compared to Inter-
ferometers

The dynamic range of a Shack-Hartmann
sensor heavily depends on the routines
which assign each measured spot to the
corresponding microlens. A wavefront is
reconstructed only when this correlation is
kept. Especially in case of stronger curved
wavefronts sophisticated algorithms are
needed since the simple assignment of a
predefined searching area in the CCD
plane of the size of a microlens is not suffi-
cient anymore. Modern techniques
achieve wavefront dynamic ranges up to
1500 �. 

Due to this high dynamic range Shack-
Hartmann sensors are able to measure
wavefronts with strong aberrations which
are not accessible with interferometers
anymore. Here the lack of dynamic range
is usually solved by using diffractive null
optics specially made for each type of
measured lens which is less flexible and
much more costly. 

MEASUREMENT PRINCIPLE
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Zernike analysis



Measurement Setups in Transmission and
Reflection 

Different configurations of the setup can
be chosen for measuring the wavefront.
Most important for the choice of configu-
ration is whether the optical properties -
using the transmission mode - or the lens
shape - using the reflection mode - shall
be analyzed. 

Transmission Mode

Measurement in transmission provides in-
formation about the optical properties of
the lenses or lens systems combining the

influence of all surfaces as well as refrac-
tive index variations in the measured
wavefront. 

Basic Infinite Setup

In the basic transmission setup (Fig. 2) the
sample lens is illuminated with collimated
light. A lens in combination with a tele-
scope is then used to collimate the beam
again and image the wavefront onto the
Shack-Hartmann sensor. 

In this setup the sample lens can be easily
adjusted in its lateral and height position
to achieve the best focus position with re-

MEASUREMENT PRINCIPLE
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MFT, PSF and Strehl ratio calculation 



The setup is recommended when mea-
surement data shall be compared with
theoretical data or if comparison of differ-
ent lenses is required.

The reverse infinite setup is used for the in-
struments WaveMaster® COMPACT and
WaveMaster® PRO and is one of Wave-
Master® LAB’s setups.

Finite Setup

The most complex but sometimes required
configuration for measurements in trans-
mission is the so called finite setup (Fig. 4).
In addition to the reverse setup, a colli-
mating lens is added to the imaging sys-
tem between sample lens and sensor. 

spect to the sensor. This setup is one of
WaveMaster® LAB’s setups

Reverse Infinite Setup

In this configuration (Fig. 3) the sample
lens is illuminated by a point light source in
the focal plane of the lens. The exit pupil
of the lens is imaged onto the wavefront
sensor by a telescope. 

The height posit ion of the point l ight
source, the lateral position of the sample
lens and the image plane of the Shack-
Hartmann sensor are chosen separately.
This gives full access to the measurement
conditions. 

MEASUREMENT PRINCIPLE
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Fig. 2 Infinite setup in transmission

Fig. 3: Reverse infinite setup in transmission
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In this configuration the lens is illuminated
and tested in a configuration which is
equal or close to the conditions of its dedi-
cated application.  

This expert configuration is only available
with the instrument recommended for re-
search and development, the WaveMas-
ter® LAB.

Reflection Mode

Measurements in reflection provide infor-
mation about the topography of the sam-
ple surface.

For this measurement the illumination unit
with beam splitter is mounted in front of

the wavefront sensor. A combination of
collimating lens and telescope is used to 
illuminate the sample and image the re-
flected wavefront onto the Shack-Hart-
mann sensor. 

The reflection setup is available as an easy
to attach module for all WaveSensor®

products. For production testing Wave-
Master® PRO Reflex is available while for
laboratory applications an optional mod-
ule is added to the optical bench of
WaveMaster® LAB.

MEASUREMENT PRINCIPLE
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Fig. 4: Finite setup in transmission

Fig. 5: Setups in reflection
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Flexible Wavefront Measurement for Use in
Laboratories and Production Sites

WaveSensor® is the new Shack-Hartmann
sensor developed by TRIOPTICS providing
real time wavefront measurement and
analysis of spherical and aspherical optics. 

With  WaveSensor® series a high dynamic
range and accuracy are achieved.

Furthermore, WaveSensor® features a
compact and robust design thus the sen-

WaveSensor®

10

WaveSensor®

Generally, customer specific wavefront sensors can be offered

Technical Data of the WaveSensor®

WaveSensor®

Unit WaveSensor® 150 WaveSensor® 100 WaveSensor® 80 WaveSensor® 60

Aperture dimensions mm 15 x 15 15 x 15 6,6 x 8,8 4,8 x 6,4

Max. number of lenslets 150 x 150 100 x 100 60 x 80 48 x 64

Focus dynamic range λ > 1500 > 1200 > 1000 > 800

Tilt measurement 
sensitivity 

µrad < 1 < 1 < 1 < 1

Repeatability (RMS) < λ/200 < λ/200 < λ/200 < λ/200

Absolute accuracy (RMS) < λ/20 < λ/20 < λ/20 < λ/20

Max. Measurement frequency 
incl. data processing

Hz 16

12

16

12

16

16

15

15

Wavelength nm 350 - 1100

Interface type CL Base IEEE 1394b

Dimensions (H × W × D) mm < 74 x 100 x 144

Weight g <1000 <1000 < 800 < 800



sor can be easily inte-
grated into the cus-
tomer’s applications. Via
CameraLink or IEEE
1394b WaveSensor®

communicates with the
WaveMaster® software
which provides various
ways of analyzing and
displaying the wavefront
data. Extended data
saving functions allows
for further external data
processing of all mea-
surement and analysis re-
sults. In addition theoreti-
cal data is loaded and
compared in real time
during measurements.

The sensors are well proven
as they are used in the WaveMaster® in-
struments which for example are em-
ployed in laboratories, institutes or wafer
industry.

WaveSensor® Reflex Module

As a supplement of the WaveSensor®

TRIOPTICS developed the Reflex Module
which expands the applications of
WaveSensor® to topography measure-
ment.  

The module consists of an illumination unit
with collimated light source and beam
splitter and an objective tube. The mea-
surement is either done with a collimated
beam using the illumination unit only or
with a focused beam using the illumina-
tion unit and an additional objective lens.

The collimated illumination is employed to
measure the surface and the angle of
plane optics. Non planar surfaces like as-
pheric lenses are measured using an ob-
jective lens.

Real Time Wavefront Measurement

The advanced software works with all
WaveSensor® and WaveMaster® instru-
ments. The overall task of the software is
the communication with the Shack-Hart-
mann Sensor and the analysis of the mea-
sured wavefront. In addition, the software
controls the WaveMaster® instruments.
Therefore, software modules depending
on the specific WaveMaster® instruments
are available, as for example for the pro-
duction instruments.

The software package features a high
ease of use, a menu-driven operator guid-
ance and advanced data management,
which allows for easy and intuitive wave-
front measurement and analysis. 

WaveSensor® and WaveMaster® SOFTWARE
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WaveSensor® 
and WaveMaster® Software

WaveSensor® with Reflex Module



Wavefront Analysis 

Live Zernike Analysis
Analysis of the Optical Properties

The typical optical properties and errors of
a lens or lens system as e.g. defocus, co-
ma or astigmatism are displayed in terms
of Zernike polynomials. 

Up to 121 Zernike coefficients are fitted to
the wavefront by the WaveMaster® soft-
ware. The user chooses how much and
which coefficients are used for the fit. A
small misalignment which induces a tilt or
a defocus can be suppressed without in-
fluencing the measurement result of the
other Zernike coefficients. The measured
wavefront is directly compared to either a
reference measurement or a theoretical
wavefront defined by a set of Zernike co-
efficients. All functions are available in real
time. 

• Live display of measured, fitted and 
residual wavefront (2D and 3D)

• Live display of cross sections
• Live numerical and graphical display of 

Zernike coefficients
• Free choice of coefficients included in-

to or excluded from the analysis
• Input of theoretical wavefront data for 

comparison with measured wavefront
• Display of difference wavefront and dif-

ference coefficient

Live MTF Display 
Imaging Quality Evaluation

Additional analysis tools are provided with
the calculation of the MTF and the PSF,
which both indicate the imaging quality
of an optical system.

A complete two-dimensional MTF is calcu-
lated and cross sections can be chosen at
selectable degrees of rotation. The calcu-
lated PSF is used to calculate the Strehl ra-
tio automatically.

All aspects of data acquisition starting
with data calculation, calibration and dis-
play of the data are under software con-
trol and fully automated. Furthermore, ex-
tended tools for live analysis are available. 

In addition theoretical data can be
loaded from ZEMAX and Code V and
compared in real time during measure-
ments. 

Display of the Measurement Results 

To evaluate the optical systems’ wave-
front, various ways of displaying the mea-
surement results can be selected. De-
pending on the measurement task the fol-
lowing results are shown:

• Absolute or relative measurement
• Subtraction of background illumination
• Live display of 2D- or 3D-wavefront in 

µm, waves
• Live display of 2D fringes and phase
• Live display of Peak-to-Valley and RMS
• Live display of intensity
• Live display of slopes
• Live camera image
• Sample adjustment tools (tilt and posi-

tion)
• Live correction of tilt and defocus
• Units of the measurement results: µm or 

waves 

Data Saving

Of course, all sample related information
and measurement results can be export-
ed and saved in different formats:

• Slope data
• Wavefront data
• Zernike coefficient data
• Measurement certificates including 

measurement conditions, graphical as 
well as numerical display of measure-
ment results

• COM-Port communication for external 
control

WaveSensor® and WaveMaster® SOFTWARE
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Effective Focal Length

The effective focal length can only be
measured with the WaveMaster® Instru-
ments since an automated focus stage is
needed.

Software Extensions for WaveMaster® In-
struments

The WaveMaster® instruments work fully
automated thus all processes are con-
trolled by the software. For example, the
automated positioning of the sample or
finding of the exit pupil is performed by
the software. Therefore, an additional soft-
ware package adapted to the instru-

ments setup and measurement tasks
comes with each WaveMaster® instru-
ment. 

The details of the different software exten-
sions are described in the chapter of
each WaveMaster® instrument. 

The additional features of these software
tools are:

• Fully automated alignment of the sam-
ple under test

• Fully automated positioning of the 
Shack-Hartmann Sensor 

• Autofocus function
• FFL measurement

WaveSensor® and WaveMaster® SOFTWARE
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Zernike analysis window



and development, quality control or 100%
production testing. 

The setup and specification of each
WaveMaster® instrument is adapted to the
defined range of application. However,
the main components of the instruments
are the same:

Wavefront Sensor

A high accuracy wavefront sensor on
WaveSensor® technology is installed in the
measuring head. For each instrument a
wavefront sensor is predefined, another
wavefront sensor from the WaveSensor®

family can be selected as well.

• Software module for high volume pro-
duction testing, including positioning 
system of a tray and pass/fail analysis 

• Software for IOL measurement, all spe-
cific parameters for IOL measurement 
are implemented (dioptric power, pow-
er mapping etc.)

Turnkey Solutions for Wavefront Measure-
ment

TRIOPTICS offers several turnkey solutions
for wavefront measurement which are all
optimized for their specific use in research

WaveMaster® INSTRUMENTS
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WaveMaster® software module for high volume production testing

WaveMaster® Instruments



Illumination Unit

All instruments are equipped with a high
quality light source with a wavelength of
635 nm or 532 nm. Further wavelengths
are available as an option.
The light source allows either for collimat-
ed sample illumination with diameters up
to 30 mm or for point illumination with dif-
ferent numerical apertures. 

Motorized Stages

The high precision motorized stages of
each instrument allow for accurate and
automated positioning of the measuring
head, autofocus function, and automat-
ed alignment of the sample under test. 

Sample Holders

Part of each instrument is a high precision
sample holder which facilitates the posi-
tioning process of the lens under test. 

Depending on the instrument a holder for
single lenses or a tray with multiple lens
seats is available. For easy and precise
lens alignment the holders are manually or
automatically (all WaveMaster® PRO in-
struments) positioned in x-y direction.

Housing

The housing of each WaveMaster® instru-
ment is vibration insensitive and prepared
for applications in clean room. 

WaveMaster® COMPACT

Aspheric Lens Tester for the Quality Control

Optimized for simplicity in use and high
sample throughput the WaveMaster®

COMPACT is a fast and accurate tool for
testing spherical and aspherical optics in
quality control. 

Advantages of WaveMaster® COMPACT

• Fast and easy adaption for change of 
different sample types, exchangeable 
imaging telescopes in kinematic mount 

• High measurement speed enables high 
sample throughput

• High precision four axes alignment sam-
ple holder for submicron position adjust-
ment. 

• Alignment compensation: Only mini-
mum amount of sample alignment nec-
essary when measuring series of samples

• High accuracy
• Automatic focusing
• The automatic positioning of the wave-

front sensor and the telescope in the 
exit pupil

• Real time comparison with wavefront 
data from master lenses or design files

WaveMaster® INSTRUMENTS
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Setup of WaveMaster® COMPACT
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• Point light source with differ-
ent numerical apertures 
available (up to 0.95)

• Vibration insensitive
• Comprehensive software

Operation

WaveMaster® COMPACT is em-
ployed for the wavefront mea-
surement of single lenses in
transmission. A typical field of
application is sample testing of
lenses in quality control de-
partments. 

In operation the sample is
placed in the holder and
roughly aligned using the
wavefront sensor signal and
the predefined set file of the
lens type. In general, only a
minimum amount of sample
alignment is required since the
software provides very good
alignment error compensa-
tion. 

During the measurement posi-
tioning of the imaging system
as well as the light source is
done automatically by the in-
strument. 

WaveMaster® INSTRUMENTS
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Technical Specification of WaveMaster® COMPACT

WaveMaster® COMPACT in operation

Wavefront sensor WaveSensor® 80

Number of lenslets 60 × 80

Absolute accuracy (RMS) < λ/20

Light source

Wavelength nm 532

Numerical aperture 0.55

Diameter/ Measurement time

Max. sample diameter mm 0.5 - 15

Measurement time per lens 
incl. sample handling and adjustment

sec 5-10



Wavefront Sensor

Telescope

Lens under Test

Point Light Source

Finally the measurement result is displayed
in form of simple pass / fail criteria or as
complete wavefront including analysis de-
tails.

WaveMaster® LAB

Comprehensive Wavefront Analyzer for
Laboratories

In development environments WaveMas-
ter® LAB is the accurate tool for testing
spherical and aspherical optics.

WaveMaster® LAB is a stand-alone vertical
optical bench. It has a flexible setup,
which enables the operator to change
between different configurations as well
as a collimated or a point light source with
several numerical apertures.

Samples are measured in finite as well as
infinite configuration. 

When the Illumination is set up, several
telescopes permit maximum utilization of
the dynamic range of the sensor. In addi-
tion WaveMaster® LAB includes miscella-
neous tools e.g. for alignment of the sam-
ple or the determination of optical proper-
ties of the entire setup. 

The comprehensive software allows for
analysis of Zernike or MTF in each configu-
ration. Further details on the software are
presented in the chapter WaveMaster®

Software.

Advantages of WaveMaster® LAB

• Flexible concept: Allows for various opti-
cal configurations on a vertical optical 
bench 

• Fast change between measurement 
configurations due to kinematic mounts

• Easy exchange and alignment of sam-
ples 

• Measurement in absolute or relative 
mode 

• High measurement speed
• Extremely accurate measurements with 

a high spatial resolution
• Comprehensive software with a variety 

of analysis options
• Variety of collimated light sources with 

different wavelengths 
• Several numerical apertures for opti-

mum illumination of the optic under test
• Several collimating lenses, a set of tele-

scopes for maximum utilization of the 
sensor’s dynamic range

WaveMaster® INSTRUMENTS
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WaveMaster® LAB’s setups
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After choosing an appropriate measure-
ment setup the sample is placed in the
holder and roughly aligned using the
alignment tools provided by the instru-
ment as well as the software. In general,
only a minimum of sample alignment is re-

Special System Components for Wave-
Master® LAB

• High precision four axes alignment sam-
ple holder for submicron position align-
ment

• Independent alignment tool 
for sample tilt

• High precision linear bearings 
enable the setup of all compo-
nents in the required position 

• Stable optical axis even during
change of setups

• An additional camera allows 
for testing further properties of 
the optical setup, for example 
system magnification or object
plane position

Operation

Highest Flexibil ity Measuring
Wavefronts

WaveMaster® LAB is a highly
adaptive system which enables
the user to measure the lenses in
different measurement setups. 

Before the measurement the illu-
mination is set up and the optical
elements are positioned on the
optical bench.

WaveMaster® INSTRUMENTS
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Technical Data for WaveMaster® LAB

WaveMaster® LAB

Wavefront sensor WaveSensor® 150

Max. number of lenslets 150 × 150

Absolute accuracy (RMS) < λ/20

Light source

Wavelength nm 532

Numerical aperture 0.7 or collimated

Diameter/ Measurement time

Max. sample diameter mm 0.5 × 60

Measurement time per lens 
incl. sample handling and alignment

sec 5-10



quired since the software pro-
vides very good alignment error
compensation.

Finally, the lens is measured and
the results are analyzed with the
comprehensive software.

Reflection Module

The capabilities of WaveMaster®

LAB are expanded with the up-
grade for measurements in re-
flection. This upgrade includes
an additional illumination unit
with a collimated light source
and a beam splitter. The illumi-
nation unit is mounted in front of
the wavefront sensor and allows
for i l lumination of the upper
sample surface and thus mea-
surement of the wavefront in re-
flection. 

WaveMaster® PRO and 
WaveMaster® PRO Wafer

High Volume Production Testing

WaveMaster® PRO and PRO Wafer have
been designed to meet the requirements

for high volume
production testing
of imaging sys-
tems, single lenses
or lenses on
wafers.

The instruments
provide an accu-
rate, reliable and
fast way for auto-
matic production
testing. With the
combination of a
fast, high accura-
cy wavefront sen-
sor and special

po sitioning algorithms a high throughput is
achieved.

WaveMaster® PRO comes with a tray 
system in which a high number of single
lenses is arranged. In contrast to Wave-
Master® PRO, the WaveMaster® PRO Wafer
comprises of a special tray system for
wafers with a diameter of up to 12 inch
and an additional tool which determines
the wafer orientation in the instrument.
The tray systems of both instruments allow
for fully automatic positioning of the lenses
during the measurement process.

WaveMaster® PRO and PRO Wafer pro-
vide lateral resolved information from de-
sign or reference data, scratches and lens
impurities within a measurement time of
less than three seconds for each single
lens under test. This allows for direct feed-
back into the large volume production
process.

WaveMaster® INSTRUMENTS

19

WaveMaster® PRO Wafer

Setup of WaveMaster® PRO

Wavefront 
Sensor

Telescope

Lens under 
Test

Point Light 
Source



• Flange focal length measurement (FFL) 
• Wafer bow compensation
• Wafer orientation measurement tool

Operation of WaveMaster® PRO and PRO
Wafer

WaveMaster® PRO and PRO Wafer are
easy to handle tools for quality monitoring
of large numbers of single lenses and lens-
es on wafers in the production process or
for incoming component inspection.

The tray with single lenses or the wafer is
loaded into the instrument and positioned
using a kinematic mount.

After loading the WaveMaster® PRO
Wafer, the wafer orientation is determined
with an integrated tool.

Finally, each one of the lenses is measured
automatically. Positioning is done fully au-
tomatically by the instrument using a pre-
defined file which contains the position of
all tray seats or wafer lenses. Fine position-
ing is achieved using different user selec-
table positioning criteria. For WaveMaster®

PRO Wafer the wafer bow is determined
and compensated during measurement,
too.

The production software enhances the
capabilities of all WaveMaster® PRO instru-
ments proving production specific fea-
tures like pass / fail classification.

Advantages of WaveMaster® PRO and
PRO Wafer

• High throughput due to high measure-
ment speed and fully automatic batch
wise or wafer measurement

• High spatial resolution for extremely ac-
curate measurements

• Point light sources with different numeri-
cal apertures (up to NA 0.95) and work-
ing distances

• Easy loading due to kinematic mount
• Automatic, high precision linear posi-

tioning
• Measurement either relative or ab-

solute, allows for comparison with a 
master lens or design data

• Maximum utilization of the sensor dy-
namic range with a set of telescopes

• Full functionality of wavefront analysis 
and detailed analysis of single lenses 
and wafer lenses

• Production software module, for exam-
ple with export of pass/fail matrix for use
in adjacent production line machines

• Robust and vibration insensitive main 
frame

WaveMaster® INSTRUMENTS
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Technical data WaveMaster® PRO and PRO Wafer

Wavefront sensor WaveSensor® 150

Number of lenslets 150 × 150

Absolute accuracy (RMS) < λ/20

Light source

Wavelength nm 532

Numerical aperture 0.55

Diameter/ Measurement time

Max. sample diameter mm 0.5 - 15 mm, PRO / 12 inch, PRO Wafer

Measurement time per lens 
incl. sample handling and alignment

sec 1-3



The results are displayed in such a way
that the user is able to single out any
failed lens immediately.

WaveMaster® PRO Reflex

High Volume Measurement of Lens Shapes

WaveMaster® PRO Reflex measures the
topography of lenses in production envi-
ronments.

Like all WaveMaster® PRO instruments,
WaveMaster® PRO Reflex is fully automat-
ed and provides a high throughput, which
is achieved with the fast and accurate
wavefront sensor, a software controlled
autofocus and precise positioning algo-
rithms adapted to a tray system which al-
lows for batch-wise testing of lenses. 

The measurement results reach an accu-
racy of < �/10 and they provide lateral re-
solved information about deviations from
the lens shape.

WaveMaster® INSTRUMENTS
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WaveMaster® PRO Wafer in operation

Setup of WaveMaster® PRO Reflex

Wavefront Sensor

Beam 
Splitter

Lens under Test

Illumination Lens

Light Source



arranged on a tray system which is
aligned in the instrument with the help of
a kinematic mount. During the measure-
ment process each single lens on the tray
is positioned automatically.

Eventually, the software provides a matrix
with the measurement result. It clearly
shows which lenses meet the quality de-
mands and which do not. Of course, all
results can be exported for later analysis.

Software Extension for WaveMaster® PRO,
PRO Wafer and PRO Reflex

High volume production requires a fast, re-
liable and fully automated measurement
process. The WaveMaster® PRO software
module controls the whole measurement
of a batch starting with positioning of the
tray before each measurement and ana-
lyzing the measurement result after each
measurement.

During the series measurement real time
analysis of each lens is done. Every single
lens is classified directly according to the
selected pass/fail criteria which are select-
ed from a large variety of different criteria
including the RMS wavefront error, the
residual wavefront after comparing to a
master lens or the MTF are used for distin-
guishing between good and poor lenses.

The software provides different user de-
fined pass and fail criteria for separating
lenses fulfilling the pre-defined quality 
requirements and those missing them. 

The measurement results are presented in
a matrix which immediately gives informa-
tion about the quality of each single lens
together with its position in the batch.

Advantages of WaveMaster® PRO Reflex

• Fully automatic topography measure-
ment of large numbers of lenses

• Extremely accurate measurements and 
high spatial resolution.

• High measurement speed
• Easy loading due to kinematic mount
• Automatic high precision linear focusing

stage
• Robust and vibration insensitive frame
• Full functionality of wavefront analysis 

and detailed analysis of single lenses
available

• Export of pass/fail matrix for use in pro-
duction line machines

• WaveMaster® software with additional 
production module

Operation WaveMaster® PRO Reflex

WaveMaster® PRO Reflex works in reflec-
tion mode to determine the lens shape.
Before the measurement, the lenses are

WaveMaster® INSTRUMENTS
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Technical data WaveMaster® PRO Reflex

Wavefront sensor WaveSensor® 150

Max. number of lenslets 150 × 150

Absolute accuracy (RMS) < λ/20

Light source

Wavelength nm 635

Numerical aperture up to 0.95

Diameter/ Measurement time

Max. sample diameter mm < 10, depending on lens parameters

Measurement time per lens 
incl. sample handling and alignment

sec 1-3



While the wafer or lens is measured, the
wavefront of each single lens, its position
in the batch and its pass and fail classifi-
cation are displayed live, all other mea-
surement results are saved into a file.
These can be used to extract customized
sets of parameters important for the pro-
duction process e.g. specific lens aberra-
tions or pitch errors.

WaveMaster® IOL

WaveMaster® IOL provides real time analy-
sis of monofocal and multifocal intraocu-
lar lenses (IOL) by measuring and analyz-
ing the wavefront with high speed and
accuracy.

The wavefront mapping enables the
analysis of most complicated lenses with
spherical, aspheric or toric shape. Among
many other parameters WaveMaster® IOL

provides results for dioptric power as well
as high resolution power mapping of the
complete lens aperture. Lower and higher
orders of lens aberrations, Modulation
Transfer Function (MTF) and Point Spread
Function (PSF) and Effective Focal Length
(EFL) can be measured as well.

Various wavefront sensors with different
spatial resolutions and available acces-
sories allow for using WaveMaster® IOL in
different environments like production sites
or research and development laborato-
ries. 

In combination with a temperature stabi-
lized model eye all types of IOLs are char-
acterized in situ according to EN/ISO
11979. It is also possible to simply measure
the lenses in air.

WaveMaster® INSTRUMENTS
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Pass and fail classification



The software is adapted for IOL measure-
ment and delivers all IOL specific parame-
ters like dioptric power or power mapping.
It includes extended analysis features and
data saving options. In addition, theoreti-
cal data can be loaded and compared
with measurements in real time.

For ultra-fast measurement of IOLs in high
volume production, an automated tray
system with multiple lens seats and attach-
able model eye is available.

More detailed information about wave-
front measurement on IOLs is presented in
the brochure “WaveMaster® IOL”.

WaveMaster® INSTRUMENTS
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WaveMaster® IOL with model eye 

WaveMaster® IOL brochure



Customized WaveMaster® Instruments

Besides the standard WaveMaster® instru-
ments, customer specific wavefront
turnkey solutions are developed, which re-
ly on the technology and software of the
WaveMaster® series.

The wavefront instruments are character-
ized by a flexible design which allows for
the adaption of the instruments to specific
demands of an application. With the help
of the following accessories and upgrades
the function of the WaveMaster® systems
are extended.

Wavefront Sensors

When higher dynamic range or accuracy
is required the wavefront sensors of the
WaveMaster® instruments can be ex-

changed. All available WaveSensor® de-
vices can be implemented into the 
WaveMaster® instruments as an upgrade.
Further wavefront sensors are offered on
request.

Illumination

Light sources with different wavelengths as
well as numerical apertures are available.
Switching between numerical apertures is
simplified due to kinematic mounts.

Telescopes

For maximum util ization of the sensor 
dynamic range and thus the lateral resolu-
tion a set of telescopes is available. 
Depending on sample diameter and
wavefront sensor dimensions the optimum
magnification has to be selected. The
kinematic mount allows for easy ex-
change of the telescopes.

ACCESSORIES AND UPGRADES
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Accessories and Upgrades

WaveMaster®COMPACT sample holder
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Overview of Applications

W
ave

M
aste

r®
C
O
M

PA
C
T

W
ave

M
aste

r®
LA

B

W
ave

M
aste

r®
PR

O

W
ave

M
aste

r®
PR

O
 R

efle
x

W
ave

M
aste

r®
PR

O
 W

afe
r

W
ave

Se
ns

or®

W
ave

M
aste

r®
IO

L

Field of Application

Research and development

Testing of lens systems

Testing of intraocular lenses

High volume lens testing

Measurement Parameter

Wavefront Shape (PV, RMS)

Zernike coefficients of the wavefront

Point Spread Function (PSF)

Modulation Transfer Function (MTF)

Strehl ratio

Lens Topography

Dioptric Power

Power Mapping

Effective Focal Length

Flange Focal Length

Size of the Sample

Sample diameter of the lens: 0.5 to 15 mm

Sample diameter of the lens: 0.5 to 60 mm

Max. wafer diameter: 12 inch

Standard feature

Option
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Overview of Available 
Configurations
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Wavefront Sensor                                                  

WaveSensor® 150

WaveSensor® 100

WaveSensor® 80

WaveSensor® 60

Automatisation

Motorized adjustment of the light source

Manual adjustment of the sensor head

Motorized adjustment of the sensor head

Configuration

Infinite measurement in transmission with a collimated
light source

Infinite measurement in transmission with a point
light source                                                                                                                                                                        

Finite measurement in transmission with a point light 
source 

Measurement in reflection with a point light source

Illumination

532 nm

635 nm

further on request

Numerical Aperture of the Light Source

NA 0.28 *

NA 0.55 *

NA 0.70 *

NA 0.90 *

NA 0.95 *

Exchangeable Telescopes

Exchangeable Telescopes

Special Features

Additional inspection camera for measuring 

characteristics of optical set up                  

Alignment tool (tilt of the sample)

Wafer alignment tool

Model Eye

Wafer bow compensation

FFL measurement

Standard feature

Option

* on request
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Order Information  

Instrument Order Numbers

WaveSensor®

WaveSensor® 150 6-105-150

WaveSensor® 100 6-105-100

WaveSensor® 80 6-105-80

WaveSensor® 60 6-105-60

WaveSensor® Reflex Modul on request

WaveMaster® COMPACT

WaveMaster® COMPACT 6-100-02

WaveMaster® LAB

WaveMaster® LAB 6-101-02

WaveMaster® LAB Reflex Modul on request

WaveMaster® PRO

WaveMaster® PRO 6-106-03

WaveMaster® PRO Wafer 6-102-02

WaveMaster® PRO Reflex 6-102-04 

Upgrade FFL and wafer bow measurement 6-202-03

WaveMaster® IOL

WaveMaster® IOL 6-100-04

Model Eye acc. ISO 11979 0-101-03

Temperature controller for Model Eye on request

Upgrades for all instruments

Upgrade high resolution Shack-Hartmann Sensor (WaveSensor® 150) 6-200-150

Upgrade high resolution Shack-Hartmann Sensor (WaveSensor® 100) 6-200-100

WaveSensor® and WaveMaster® Instruments and Upgrades
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Numerical Aperture Upgrades
Standard or long working distance, depending on application

Telescopes

Illumination

Further telescopes on request

Order Numbers

Telescopes VIS

Standard magnifications: 1x, 2x, 3.3x, 4x, 5x, 6x, 7.5x, 2.2x, 0.65x, 0.22x

6-100-013...022

Other magnifications on request

Telescopes NUV

Standard magnifications: 1x, 2x, 3.3x, 4x, 5x, 6x, 7.5x 

Optimized for one wavelength

6-200-12...18                   

Order Numbers

NA 0.55, long working distance 9-110-905

NA 0.7 9-110-903

NA 0.70, long working distance 9-110-908

NA 0.8 9-110-902

NA 0.9 9-110-910

NA 0.90, long working distance 9-110-909

NA 0.95 9-110-901

Order Numbers

Light source 405 nm 6-200-11

Light source 543 nm 6-200-22

Light source 635 nm 6-200-09

Light source 1064 nm on request

Light source 780 nm on request

Light source 365 nm on request

Light source 532 nm on request
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TRIOPTICS Headquarters Germany

TRIOPTICS GmbH
Hafenstrasse 35-39
22880 Wedel
Germany

Phone: +49 4103 18006 0
Fax: +49 4103 18006 20
Email: sales@trioptics.com
www.trioptics.com

TRIOPTICS Berlin GmbH
Schwarzschildstrasse 12
12489 Berlin
Germany

Phone: +49 30 6392 3456
Email: berlin@trioptics-berlin.com
www.trioptics-berlin.com

TRIOPTICS Subsidiaries

China
TRIOPTICS China
E5/F, M7 Building
#1 JiuXianQiao East Road
Chaoyang Dist.
Beijing 100015
China

Phone: +86 10 8456 6186
Fax: +86 10 8456 9901
Email: info@trioptics-china.com
www.trioptics-china.com

France
TRIOPTICS France
Domaine Scientifique de la Doua
66 Boulevard Niels Bohr
Bâtiment CEI
BP 52132
69603 Villeurbanne Cedex
France

Phone: +33 4 72 44 02 03
Fax: +33 4 72 44 05 06
Email: Jeanmarc.Lioutier@trioptics.fr
Website: www.trioptics.fr

Japan
TRIOPTICS Japan Co., Ltd.
4-6-25, Nakada, Suruga-ku
Shizuoka-pref., 422-8041
Japan

Phone: +81 54 203 4555
Fax: +81 54 203 4556
Email: info@trioptics.jp
www.trioptics.jp

USA
TRIOPTICS Inc.
2223 West San Bernardino Road
West Covina, CA 91790
USA

Phone: +1 626 962 5181
Fax: +1 626 962 5188
Email: sales@trioptics-usa.com
www.trioptics-usa.com

Davidson Optronics, Inc.
2223 West San Bernardino Road
West Covina, CA 91790
USA

Phone: +1 626 962 5181
Fax: +1 626 962 5188
Email: sales@davidsonoptronics.com
www.davidsonoptronics.com

Wells Research and Development
15 A Lewis Street
Lincoln, MA 01773 
USA

Phone: +1 781-259-8667
Fax: +1 781-259-8009
Email: info@wellsresearch.com
www.wellsresearch.com

Taiwan
TRIOPTICS Taiwan
12 F, No. 3 LN. 16 Fuxing Rd.
Taoyuan City
Taoyuan County 330
Taiwan

Phone: +886 975 870 566
Email: info@trioptics.tw
www.trioptics.com

TRIOPTICS Contacts Worldwide  
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Russia
JSC URAN
Promyshlennaya, 5
St-Petersburg 
198099 Russia

Phone: +7 812 335 09 75 
Fax: +7 812 335 09 76
Email: info@uran-spb.ru
www.uran-spb.ru

Taiwan
Unice E-O Services Inc.
No. 5, Andong Road
Chung Li Industrial Park
Chung Li,
Taoyuan Shien 320, 
Taiwan, R.O.C.

Phone: +886 3 462 6569
Fax: +886 3 462 5586
Email: unicehq@unice.com.tw
www.unice.com.tw

United Kingdom
Armstrong Optical Ltd
31 Caxton House
Northampton Science Park
Kings Park Road
Northampton NN3 6LG
UK

Phone: +44 1604 654220
Fax: +44 1604 654221
Email: info@armstrongoptical.co.uk
Website: www.armstrongoptical.co.uk

TRIOPTICS Distributors

India
HP Instruments
# 435, Ist Floor, 6th Avenue, 4th Main, 
Teachers Colony, Koramangala P.O. 
Bangalore - 560 034
India

Phone: +91 80 25521990
Fax: +91 80 25521991
Email: hpi1@vsnl.net
Website: www.hpinstruments.com

Israel
ProLog Optics LTD
Ha`Horesh Rd. 4
Yahud, 56470
Israel

Phone: +972 3 5364011
Fax: +972 3 5364012
Email: natilevi@prologltd.com
www.prologoptics.com 

Korea
SamJoong Optical Industry
#701-101, Digital Empirell
486, Sin-Dong, Youngtong-Ku
Suwon-City, Kyunggi-Do
440-050 Korea

Phone: +82 31 695 7450
Fax: +82 31 695 7459
Email: inform@samjoongoptical.com
www.samjoongoptical.com

Rest of World 
Headquarters TRIOPTICS GmbH
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