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Comprehensive Wavefront

Measurement

Aspheric Lens Testing Using Shack-Hart-
maunn Sensors

Aspheric lenses are of incredsing impor-
tance in today’s opticdl industry. In a mul-
titude of different areus of application sin-
yle uaspheric lenses dare used to build com-
pdct imaging systems,

All of these have to be checked not only
for the imaging properties of the findl lens
system but dlso for the gudlity of the inter-
Mmediute products during assembly ds well
us the single lenses itself.

In most of the cuses conventiondl meth-
ods cunnhot be used for this kind of testing.
Although e.g. the medsurement of the
Mmodulation tfransfer function is a well
established method for fast and accurate
quulity inspection of entire objectives it
has its limitation for hon imaging systemes.
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WaveMaster® PRO, WaveMaster® COMPACT, WaveMaster® LAB,
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In contrust to this, Shauck-Hurtmann sensors
ure dble to meusure a very broud ranye
of spherical und usphericudl lenses us well
us partidlly or fully assembled objectives
due to their lurge dynamic range. In addi-
fion the high meusurement frequency ul-
lows for redl time testing und unalysis.

Redl Time Wuavefront Sensors und Turnkey
Solutions

With the WaveSensor® series u vuriety of
Shack-Hartmann wavefront sensors opti-
mized for different meusurement upplicu-
fions is avdilable. The WaveSensor® is inte-
ygruted into existing luborutory or produc-
tion setups or used for in-field testing. An
additiondal module which is attuched eusi-
ly fo the WaveSensor® dllows for the meu-
surement of surfuace form in reflection.

The WaveMaster® instruments are Shack-
Hartmann bused turhkey solutions for
yudlity assurance, reseurch and develop-
Mment, und production environments. They
ure employed for exumple in luboratories,
institutes or Mobile phone industry.
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WaveMuster® COMPACT

is idedlly suited for fast quulity control und
simple reseurch und development meu-
surement tasks. The table fop instrument
cun be udupted to different lens types
with only a few steps.

ARIOPTICS

WaveMaster® COMPACT

WaveMuster® LAB

has been optimized for research und de-

velopment in a l[uboratory environment, It

provides un opticul bench which dllows for

different infinite und finite conjugute mode

setups for meusurement in fransmission. In
uddition the surfuce profile is
Meusured using the optiondl
reflection module.

WaveMuster® |OL

has been optimized for the
Mmedusurement of infraocular
lenses in dir or in situ with
model eye.

WaveMuster® PRO

hus been desighed for the
fully automatic test of large
numbers of sumples in u
production environment. All
instruments feature a high
deyree of uutomution und
euse of use.

In addition to the meusure-
ment of individuul sumples,
wdufer lenses ure meusured
(WaveMuster® PRO Wufer).

Furthermore WuaveMuster®
PRO Reflex ullows for faust
surfuce profile meusure-
ment in production.

High Resolution anhd Accu-
racy

All these instruments feuture
high sputial resolution aund
accurucy (up to < A/20).
They are avdiluble with dif-
ferent setup options which
include umonyst others fi-



MEASUREMENT PRINCIPLE
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WaveMaster® LAB in operation
hite or infinity conjugates configuration or
setup in transmission or reflection.

The comprehensive software for
WaveSensor® us well us WaveMuster®
works in redl time and provides vdrious
ways of medusuring und displaying the
wavefront. It includes extended andalysis
fedutures und datu saving options.

Microlens array CCD chip

.F
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Measurement Principle

Shack-Hartmann Sensor, Wavefront Andly-
sis und Different Setups

Shack-Hartmann Sensor

The stundurd designh of u Shuck-Hurtmann
sehsor consists of u CCD cumeru which is

Microlens array CCD chi

L f

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

wavefront,
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placed in the focul plane of u microlens
array. An incoming wavefront is sumpled
by the lenses of the microlens array und
the foci form a spot puttern on the caum-
eru which would be evenly spuced in
cuse of u plune wauvefront. Any uberru-
fion infroduced by the sumple lens leuds
to u curvuture of the wavefront thus result-
ing in locul wavefront filts. These induce u
meausurable shift of euch focus spot posi-
tion (Fig. 1).

A humericul infeygration of the obtuined
slope informaution dllows for reconstruction
of the wavefront profile with high accura-
cy. Using stute of the art computers this
wauvefront reconstruction is done within
the CCD cumeru frame rute i.e. within
fractions of u second even if lurge, high
resolution arrays are used.

High Dynumic Runge Compured to Infer-
ferometers

The dynumic ranyge of u Shack-Hurtmann
sensor heuvily depends on the routines
which ussigh euch meusured spot to the
corresponding microlens. A wavefront is
reconstructed only when this correlation is
kept. Especidlly in cuse of stronyger curved
wavefronts sophisticated algorithms are
needed since the simple ussignment of u
predefined seurching dareu in the CCD
plane of the size of u Microlens is hot suffi-
cient anymore. Modern fechhigyues
achieve wavefront dynamic ranges up to
1500 X.

Due to this high dynumic range Shack-
Hartmann sensors ure uble to meusure
wavefronts with strony dberrations which
dre hot uccessible with inferferometers
anymore. Here the lack of dynumic range
is usuully solved by using diffractive null
optics speciully made for euch type of
meusured lens which is less flexible und
much more costly.

MEASUREMENT PRINCIPLE
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Zernike unalysis
Real Time Wavefront Analysis
Zernike Polynomiails

The meusured wauvefront is decomposed
intfo u lineur combinution of Zernike poly-
nomidls which describe typical opticul
properties and errors of d lens or lens sys-
tem us e.y. defocus, comu or ustigmu-
tism.

The polynomidl decomposition gives u nu-
Mmericul representation of auny kind of
uberration of the sumple. These have bu-
sicully two sources: uberrations directly
linked to the design of the lens, most likely
spherical terms, und usymmetric contribu-
fions due to lens errors.

MTF, PSF and Strehl ratio

The effects of uberrutions ure ulso churac-
terized by culculating the Point Spread
Function (PSF), Modulation Transfer Func-
tion (MTF) or Strehl ratio of the opticul
system which dare obtdined from the
wavefront. The MTF is us well known us the
modulus of the Opticul Transfer Function.

The wavefront meusurement and ifs fur-
ther unualysis give u full sputidlly resolved
description of the imuginy churacteristics
of the lenhs under test.
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File View Measurement Tools Settings Heip
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MFT, PSF and Strehl ratio calculation

Measurement Setups in Transmission and
Reflection

Different configurations of the setup cun
be chosen for meusuring the wavefront.
Most important for the choice of configu-
ration is whether the opticul properties -
using the fransmission mode - or the lens
shape - using the reflection mode - shull
be anulyzed.

Transmission Mode
Meusurement in transmission provides in-

formation ubout the optical properties of
the lenses or lens systems combining the

influence of dll surfaces us well us refrac-
tive index variations in the meausured
wavefront,

Busic Infinite Setup

In the busic transmission setup (Fiy. 2) the
sumple lens is illuminated with collimated
light. A lens in combination with a tele-
scope is then used to collimute the beum
uguin und imuyge the wuvefront onto the
Shuck-Hartmann sensor.

In this setup the sumple lens cun be eusily
adjusted in its lateral and height position
to uchieve the best focus position with re-
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spect to the sensor. This setup is one of
WaveMuster® LAB’s setups

Wavefront Sensor

AAAAAAAA

Collimating Lens

Lens under Test

Point Light Source

Fig. 2 Infinite setup in fransmission

Reverse Infinite Setup

In this configuration (Fig. 3) the sumple
lens is illuminated by a point light source in
the focul plane of the lens. The exit pupil
of the lens is imuyed onto the wavefront
senhsor by u telescope.

The height position of the point light
source, the luterdl position of the sumple
lens and the imayge plane of the Shack-
Hartmann sensor ure chosen sepurutely.
This gives full uccess to the meusurement
conditions.

MEASUREMENT PRINCIPLE

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

The reverse infinite setup is used for the in-
struments WaveMuster® COMPACT und
WaveMuster® PRO und is one of Wuve-
Mauster® LAB’s setups.

Wavefront Sensor

AAAAAAAL

Lens under Test

Point Light Source

Fig. 3: Reverse infinite setup in transmission

Finite Setup

The most complex but sometimes required
configuration for meusurements in trans-
mission is the so culled finite setup (Fig. 4).
In auddition to the reverse setup, u colli-
muting lens is udded to the imayging sys-
tem between sumple lens und sensor.



MEASUREMENT PRINCIPLE

In this configuration the lens is illuminated
und tested in u configuration which is
eqyuul or close to the conditions of its dedi-
cuted upplicution,

This expert configuration is only avdiluble
with the instrument recommended for re-
seurch und development, the WaveMaus-
ter® LAB.

Wavefront Sensor

AAAAAALAL

Collimating Lens

Lens under Test

Point Light Source

Fig. 4: Finite setup in fransmission

Reflection Mode

Meusurements in reflection provide infor-
maution ubout the fopoyraphy of the sum-
ple surfuce.

For this meusurement the illuminution unit
with beum splitter is mounted in front of

& TRIOPTICS
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the wavefront sensor. A combinution of
collimating lens und telescope is used to
iluminute the sumple and image the re-
flected wavefront onto the Shuck-Hurt-
Mann sensor.

The reflection setup is avuilable us un eusy
to attach module for dll WaveSensor®
products. For production testing Wave-
Muster® PRO Reflex is uvuiluble while for
laboratory applications an optional mod-
ule is udded to the opticul bench of
WaveMuster® LAB.

Light Source

Wavefront Sensor
Beam Splitter
[lluminating Lens
Lens under Test
Wavefront sensor
) camera
Light Source
Beam Splitter

== __— Plane Surface
= under Test

Fig. 5: Setups in reflection
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WaveSensor®

Flexible Wavefront Meusurement for Use in
Luborutories und Production Sites

WaveSensor® is the hew Shack-Hartmann
sensor developed by TRIOPTICS providing
redl time wavefront meusurement und
anualysis of spherical and uspherical opfics.

With  WaveSensor® series u high dyhamic
range und uccurucy dure uchieved.

Furthermore, WuveSensor® feutures u
compuct und robust design thus the sen-

Technical Data of the WaveSensor®

WaveSensor®

WaveSensor®

Unit | WaveSensor® 150 WaveSensor® 100 WaveSensor® 80 WaveSensor® 60
Aperture dimensions mm 15x15 156x15 6,6x8.,8 4,8 x6,4
Max. number of lenslets 150 x 150 100 x 100 60 x 80 48 x 64
Focus dynamic range A > 1500 > 1200 > 1000 > 800
Tilt measurement urad | <1 <1 <1 <1
sensitivity
Repeatability (RMS) < N200 < N200 < N200 < N200
Absolute accuracy (RMS) < N20 < N20 < N20 < N20
Max. Measurement frequency | Hz 16 16 16 15
incl. data processing 12 12 16 15
Wavelength nm 350 - 1100
Interface type CL Base IEEE 1394b
Dimensions (H x W x D) mm < 74x100x 144
Weight g <1000 <1000 < 800 < 800

Generdlly, customer specific wuvefront sensors cun be offered




WaveSensor® and WaveMaster® SOFTWARE

sor cun be eusily inte-
gruted intfo the cus-
tomer’s upplicutions. Via
Cumerulink or |EEE
1394b WaveSensor®
communicutes with the
WaveMuster® softwure
which provides various
ways of unulyzing und
displuying the wavefront
dutu, Extended dutu
suviny functions ullows
for further externul datu
processing of ull meu-
surement und unalysis re-
sults. In auddition theoreti-
cul dutu is louded und
compured in reul time
during meusurements.

& TRIOPTICS
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WaveSensor® with Reflex Module

The sensors are well proven

us they ure used in the WaveMuster® in-
struments which for exumple dre em-
ployed in luborutories, institutes or wafer
industry.

WaveSensor® Reflex Module

As d supplement of the WaveSensor®
TRIOPTICS developed the Reflex Module
which expunds the upplicutions of
WauveSensor® to topoyruphy medusure-
ment.

The module consists of an illumination unif
with collimuted light source und beum
splitter and un objective tube. The meu-
surement is either done with a collimuted
beum using the illumination unit only or
with u focused beum using the illuminu-
fion unit und un additionul objective lens.

The collimated illumination is employed to
medusure the surfuce und the unyle of
plune optics. Non plunar surfuces like us-
pheric lenses ure meusured using un ob-
jective lens.

WaveSensor®

and WaveMastere Software

Redl Time Wavefront Meusurement

The udvanced softwuare works with dll
WaveSensor® und WuveMuster® instru-
ments. The overdll task of the software is
the commMmunicution with the Shack-Hart-
maunn Sensor und the unalysis of the meu-
sured wavefront. In addition, the software
conftrols the WaveMuster® instruments.
Therefore, soffware modules dependiny
onh the specific WaveMuster® instruments
dre avdiluble, us for exumple for the pro-
duction instruments.

The softwure puckuye feutures u high
euse of use, u menu-driven operutor guid-
unce und udvunced dutu mMunuyement,
which dllows for eusy and intuitive wave-
front meusurement and analysis.

11
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All uspects of dutu ucquisition sturting
with datu calculation, cdlibration and dis-
play of the data are under soffwure con-
frol und fully automated. Furthermore, ex-
tended tools for live unalysis ure avuiluble.

In addifion theoreticul dutu cun be
louded from ZEMAX und Code V und
compured in redl time during meusure-
Mments.

Display of the Meusurement Results

To evuluute the opticul systems’ wuve-
front, various ways of displuying the meu-
surement results cun be selected. De-
pending on the meusurement tusk the fol-
lowiny results ure shown:

e Absolute or relative meusurement

e Subtraction of bauckground illuminution

Live display of 2D- or 3D-wavefront in

um, waves

Live display of 2D fringes und phuse

Live display of Peuk-to-Vulley aund RMS

Live display of intensity

Live display of slopes

Live cumera imayge

Sumple udjustment tools (tilt und posi-

tion)

Live correction of filt und defocus

e Unifs of the meusurement results: um or
waves

Data Saving

Of course, dll sumple related information
und meusurement results cun be export-
ed und suved in different formauts:

Slope dutu

Wavefront dutu

Zerhike coefficient dutu

Meusurement certificutes including
Mmedusurement conditions, yraphicul us
well us humericdl display of meusure-
ment results

e COM-Port communicution for external
control

Wavefront Analysis

Live Zernike Anulysis
Anualysis of the Opticul Properties

The typicul opticdl properties und errors of
u lens or lens system us e.g. defocus, co-
mu or ustigmatism dare displayed in terms
of Zernike polynomidils.

Up to 121 Zernike coefficients are fitted to
the wavefront by the WaveMaster® soft-
wuare. The user chooses how much und
which coefficients are used for the fit. A
smull misulignment which induces u filt or
u defocus cun be suppressed without in-
fluencing the meusurement result of the
other Zernike coefficients. The meusured
wavefront is directly compuared to either u
reference meusurement or u theoreticdl
wavefront defined by u set of Zerhike co-
efficients. All functions are avdilable in redl
fime.

e |ive displuy of meusured, fitted und
residuul wavefront (2D und 3D)

e |ive display of cross sections

¢ Live humericul und gruphicul display of
Zernike coefficients

* Free choice of coefficients included in-
to or excluded from the unalysis

¢ |nput of theoreticul wavefront dutu for
compurison with meusured wauvefront

e Displuy of difference wavefront aund dif-
ference coefficient

Live MTF Display
Imaying Quulity Evaluation

Additionul andalysis tools are provided with
the culculution of the MTF und the PSF,
which both indicute the imuyging guulity
of un opticul system.

A complete two-dimensional MTF is culcu-
luted und cross sections cun be chosen ut
selectuble deyrees of rotution. The culcu-
luted PSF is used to culculute the Strehl ru-
fio automatically.
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Fie View Measurement Tools Settings Help
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Effective Focul Lenygth

The effective focul length cun only be
meusured with the WaveMuauster® |nstru-
Mments since un uutomuted focus stuyge is
heeded.

Software Extensions for WaveMaster® In-
struments

The WuveMuster® instruments work fully
automuted thus dll processes ure con-
trolled by the software. For exumple, the
automuted positioning of the sumple or
finding of the exit pupil is performed by
the software. Therefore, un additionudl soft-
wure puckuye udupted to the instru-

Mments sefup und Meusurement tusks
comes with each WaveMuster® instru-
ment.

The detuils of the different soffwure exten-
sions ure described in the chupter of
euch WaveMuster® instrument.

The additionual features of these software
tools ure:

¢ Fully automated dlignment of the sum-
ple under test

¢ Fully automuted positioning of the
Shack-Harfmann Sensor

e Autofocus function

e FFL meusurement

13
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WaveMaster® INSTRUMENTS

File View Measurement Tools Settings Help
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WaveMaster® software module for high volume production festing

e Softwure module for high volume pro-
duction testing, includinyg positioning
system of u tray und puss/fuil andalysis

e Softwure for IOL meusurement, dll spe-
cific puruameters for IOL meusurement
dre implemented (dioptric power, pow-
er muppinyg etc.)

WaveMasteréInstruments

Turnkey Solutions for Wavefront Meusure-
ment

TRIOPTICS offers severdl turnkey solutions
for wavefront meusurement which are dll
ofptimized for their specific use in reseurch

und development, yudlity control or 100%
production testing.

The setup und specificution of euch
WaveMuster® instrument is adupted to the
defined runye of upplicution. However,
the muin components of the instruments
dre the sume:

Wavefront Sensor

A high auccurucy wavefront sensor on
WaveSensor® technologyy is installed in the
meusuring heud. For euch instrument u
wavefront sensor is predefined, unother
wavefront sensor from the WuaveSensor®
family cun be selected us well.
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lllumination Unit

All instruments are eyuipped with d high
quulity light source with u wavelength of
635 hm or 532 nm. Further wauvelenygths
dare uvdiluble us un option.

The light source dllows either for collimut-
ed sumple illumination with diumeters up
to 30 mm or for point illumination with dif-
ferent numericul upertures.

Motorized Stayes

The high precision motorized stuyes of
euch instrument dllow for uccurute und
automuted positioning of the meusuriny
heud, uutofocus function, und automaut-
ed dlignment of the sumple under test,

Sumple Holders

Part of euch instrument is u high precision
sumple holder which facilitates the posi-
fioniny process of the lens under test.

Depending on the instrument u holder for
single lenhses or u tray with multiple lens
seuts is avuiluble. For eusy und precise
lens dlignment the holders ure munually or
automauticully (all WaveMuster® PRO in-
stfruments) positioned in x-y direction.

Housiny

The housing of euch WaveMuster® instru-
ment is vibration insensitive und prepured
for upplicutions in cleun room.

WaveMaster® COMPACT
Aspheric Lens Tester for the Quulity Control

Optimized for simplicity in use und high
sumple throughput the WaveMuster®
COMPACT is u fust und uccurute tool for
testing sphericul und usphericul opfics in
yudlity control.

& TRIOPTICS
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Advantayges of WaveMuauster® COMPACT

e Fust und eusy uduption for chunye of
different sumple types, exchunyeuble
imuyiny telescopes in kinematic Mount

* High meusurement speed enubles high
sumple throughput

e High precision four uxes ulignment sum-
ple holder for submicron position udjust-
ment,

e Alignment compensution: Only mini-
mum uamount of sumple dlignment hec-
essury when medusuring series of sumples

* High accuracy

e Automutic focusing

¢ The auutomuatic positioning of the wave-
front sensor und the telescope in the
exit pupil

* Redl time compurison with wavefront
data from master lenses or design files

- Wavefront Sensor

AAAAAALA

Lens under Test

Point Light Source

Setup of WaveMaster® COMPACT

15
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Technicul Specificution of WaveMuster® COMPACT

Wavefront sensor WaveSensor® 80
Number of lenslets 60 x 80
Absolute accuracy (RMS) < N20

Light source

Wavelength nm 532

Numerical aperture 0.55

Diameter/ Measurement time

Max. sample diameter mm 0.5-15

Measurement time per lens sec 5-10
incl. sample handling and adjustment

e Point light source with differ-
ent humericdl apertures
avdiluble (up to 0.95)

e Vibration insensitive

e Comprehensive software

IRioPTICS

Oyperaution

WaveMuster® COMPACT is em-
ployed for the wavefront meu-
surement of sinygle lenses in
fransmission. A typicudl field of
dpplication is sumple testing of
lenses in guulity control de-
pdrtments.

In operdtion the sumple is
placed in the holder aund
roughly dlighed using the
wauvefront sensor signul und
the predefined set file of the
lens type. In general, only u
minimum amount of sumple
dlignment is required since the
software provides very gyood
dlighment error compensu-
fion.

During the meusurement posi-
fioning of the imuying system
us well us the light source is
done automuaticully by the in-

strument. WaveMaster® COMPACT in operation
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Finally the meusurement result is displayed
in form of simple puss / fdil criteria or us
complete wavefront including andalysis de-
tails.

WaveMaster® LAB

Comprehensive Wuvefront Anaulyzer for
Laboratories

In development environments WaveMaus-
ter® LAB is the accurute tool for testing
sphericul and usphericul optics.

WaveMuster® LAB is u stund-ulone verficul
opticul bench. It hus u flexible setup,
which enubles the operutor to chunye
between different configurations as well
us u collimated or u point light source with
severdl humericul upertures.

Sumples dare meusured in finite us well s
infinite configuration.

When the lllumination is set up, several
telescopes permit maximum utilization of
the dyndamic range of the sensor. In addi-
tion WaveMuster® LAB includes miscellu-
neous tools e.y. for ulignment of the sum-
ple or the determinution of opticdl proper-
ties of the entire setup.

. — Wavefront Sensor

ALAARLALL

Lens under Test

Point Light Source

WaveMaster® LAB's setups
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The comprehensive software dllows for
analysis of Zernike or MTF in each configu-
ration. Further detdils on the software are
presented in the chapter WaveMuster®
Software.,

Advuntuyes of WaveMuster® LAB

® Flexible concept: Allows for various opti-
cul configurations on a verticul opticul
bench

¢ Fust chanyge between meusurement
configurations due to kinematic mounts

e Eusy exchunyge und dlignment of sum-
ples

e Meusurement in ubsolute or relative
mode

¢ High meusurement speed

e Extremely uccurate meusurements with
U high spatial resolution

e Comprehensive softwdare with a variety
of unulysis opftions

e \uriety of collimuted light sources with
different wavelengths

e Severul humericul upertures for opti-
mum illumination of the optic under test

e Severdl collimuting lenses, u set of tele-
scopes for muximum utilization of the
sensor’s dynumic ranye

Collimating Lens Collimating Lens

Lens under Test Lens under Test

Point Light Source
Point Light Source

17
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Technicul Duta for WaveMuster® LAB

WaveMaster® INSTRUMENTS

Wavefront sensor

WaveSensor® 150

Max. number of lenslets 150 x 150
Absolute accuracy (RMS) < N20
Light source

Wavelength nm 532

Numerical aperture

0.7 or collimated

Diameter/ Measurement time

Max. sample diameter mm

0.5 x 60

Measurement fime per lens

incl. sample handling and alignment sec

5-10

Speciul System Components for Wave-
Mauster® LAB

e High precision four uxes ulignment sum-
ple holder for submicron position dlign-
ment

¢ |ndependent ulignment tool
for sumple filt

* High precision lineur beurings
enuble the setup of dll compo-
nents in the required position

e Stuble opticul uxis even duriny
chunge of setups

e An udditionul caumera dllows
for testing further properties of
the opticul setup, for exumple
system mugynificution or object
pldane position

Operution

Highest Flexibility Meusurinyg
Wavefronts

WaveMuster® LAB is u highly
aduptive system which endbles
the user to meusure the lenses in
different meusurement setups.

Before the meusurement the illu-
mination is set up und the opticul
elements ure positioned on the
opticul bench.

After choosing un uppropriute meusure-
ment setup the sumple is pluced in the
holder and roughly dlighed usinyg the
dlignment fools provided by the instru-
ment us well us the software. In generadl,
only a minimum of sumple ulignment is re-

& TRIOPTICS

WoveMaster LAB

WaveMaster® LAB
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yuired since the software pro-
vides very gyood ulignment error
compensution,

Findlly, the lens is meusured und
the results ure unulyzed with the
comprehensive software.,

Reflection Module

The cupubilities of WaveMuster®
LAB dre expunded with the up-
grude for meusurements in re-
flection. This upyrade includes
anh additionudl illumination unit
with u collimuted light source
and g beum splitter. The illumi-
hation unif is Mounted in front of
the wavefront sensor und dllows
for illuminution of the upper
sumple surface und thus meu-
surement of the wavefront in re-
flection.
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e
i

WaveMaster® PRO Wafer

WaveMaster® PRO and
WaveMaster® PRO Wafer

High Volume Production Testiny

WaveMuster® PRO und PRO Wufer have
been designed to meet the requirements
for high volume
production testing
of imuyiny sys-
tems, sinyle lenses
or lenses onh
wufers,

Wavefront
Sensor
AARARLLL

) = Telescope

The instruments
provide un uccu-
rate, reliuble und
fast way for auto-
matic production

Lens under testing. With the
Test N -

combinution of u
Point Light fast, high uccuru-

cy wuavefront sen-
sor und speciul

Source

Setup of WaveMaster® PRO

positioning algorithms a high throughput is
achieved.

WaveMuster® PRO comes with a tray
system in which a high number of single
lenses is arranged. In contrast to Wave-
Master® PRO, the WaveMauster® PRO Wuafer
comprises of U speciul fray system for
wufers with a diumeter of up tfo 12 inch
aund un additiondl tool which determines
the wdafer orientation in the instrument.
The fray systems of both instruments dllow
for fully automatic positioning of the lenses
during the medsurement process.

WauveMuster® PRO und PRO Wufer pro-
vide laterdl resolved information from de-
sign or reference dutu, scratches and lens
impurities within a4 medsurement time of
less than three seconds for each single
lens under test. This dllows for direct feed-
back into the large volume production
process.
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The production soffware enhances the
cupubilities of ull WaveMuster® PRO instru-
ments proving production specific feu-
tures like puss / fuil clussificution.

Advuntuyes of WuveMuster® PRO und
PRO Wufer

¢ High throughput due to high meusure-
ment speed und fully automuatic butch
wise or wufer meusurement

* High sputidl resolution for extremely ac-
curute meusurements

e Point light sources with different numeri-
cul upertures (up to NA 0.95) und work-
ing distances

e Eusy louding due to kinematic mount

e Automuatic, high precision lineur posi-
fioniny

* Meusurement either relutive or db-
solute, dllows for compurison with <
mauster lens or desigh datu

e Mauximum utilization of the sensor dy-
namic ranyge with u set of telescopes

¢ Full functiondlity of wavefront analysis
und detuiled unalysis of single lenses
und wufer lenses

® Production soffware module, for exam-
ple with export of puss/fuil mutrix for use
in adjucent production line machines

e Robust und vibration insensitive Main
frame

WaveMaster® INSTRUMENTS

¢ Faunye focul lenygth measurement (FFL)
e Wufer bow compensation
e \Wufer orientation meusurement tool

Operation of WaveMuster® PRO und PRO
Wafer

WauaveMuster® PRO und PRO Wufer ure
eusy to hundle tools for quality monitoring
of lurge numbers of single lenses und lens-
es on wdfers in the production process or
for incoming component inspection.

The tray with single lenses or the wudfer is
louded into the instrument und positioned
using u kinemutic mount.

Affer loudiny the WaveMuster® PRO
Woafer, the wufer orientation is determined
with an infegrated tool.

Findlly, each one of the lenses is meusured
automuticully. Positioning is done fully du-
tomaticdlly by the instrument using u pre-
defined file which contdins the position of
dll tray seuts or wufer lenses. Fine position-
ing is uchieved using different user selec-
tuble positioning criteria, For WaveMuster®
PRO Wufer the wufer bow is determined
und compensuted during meusurement,
too.

Technhicul duta WaveMuster® PRO aund PRO Wufer

Wavefront sensor

WaveSensor® 150

Number of lenslets 150 x 150
Absolute accuracy (RMS) < N20
Light source

Wavelength nm 532
Numerical aperture 0.55

Diameter/ Measurement time

Max. sample diameter mm

0.5-15mm, PRO/ 12 inch, PRO Wafer

Measurement time per lens sec
incl. sample handling and alignment

1-3
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WaveMaster® PRO Wafer in operation

The results are displayed in such a way
that the user is uble to single out uny
fdiled lens immediutely.

WaveMaster® PRO Reflex Wavefront Sensor —— |

AAAAAAAA

High Volume Meusurement of Lenhs Shupes

WaveMuster® PRO Reflex meusures the
topoyraphy of lenses in production envi-
ronments.

Beam
Splitter

Like dll WaveMuster® PRO instruments,
WaveMuster® PRO Reflex is fully automat-
ed und provides u high throughput, which
is auchieved with the fast and daccurate
wavefront sensor, u soffware controlled
autofocus und precise positioning ulgo-
rithms adapted to a tray system which dl-
lows for batch-wise testing of lenses.

Light Source

[llumination Lens

Lens under Test
The meusurement results reach un accu-

racy of < A/10 und they provide luterdl re-
solved informution dbout devidtions from
the lens shape.

Setup of WaveMaster® PRO Reflex
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Technicul duta WaveMuaster® PRO Reflex

WaveMaster® INSTRUMENTS

Wavefront sensor

WaveSensor® 150

Max. number of lenslets 150 x 150
Absolute accuracy (RMS) < N/20
Light source

Wavelength nm 635
Numerical aperture up fo 0.95

Diameter/ Measurement time

Max. sample diameter mm

< 10, depending on lens parameters

Measurement time per lens sec
incl. sample handling and alignment

1-3

The softwure provides different user de-
fined puss und fdil criteria for sepurating
lenses fulfilling the pre-defined yuulity
requirements und those missing them.

The meusurement results dre presented in
u mutrix which immediately gives informa-
fion dbout the yudlity of euch single lens
toyether with its position in the butch.

Advuntuyges of WaveMuster® PRO Reflex

¢ Fully automautic fopoyruphy medusure-
ment of lurge numbers of lenses

* Extremely uccurate meusurements und
high spatidl resolution.

* High meusurement speed

e Eusy louding due to kinematic mount

e Automutic high precision linear focusing
stage

® Robust und vibration insensitive frume

¢ Full functiondlity of wavefront analysis
und detuiled aunalysis of single lenses
avuiluble

® Export of puss/fdil mutrix for use in fro-
duction line muchines

e WaveMuster® software with additiondl
production module

Oyperation WaveMuster® PRO Reflex
WaveMuster® PRO Reflex works in reflec-

tion mode to determine the lens shupe.
Before the meusurement, the lenses ure

arranged on u tray system which is
dlignhed in the instrument with the help of
u kinemutic mount. During the meusure-
ment process euch single lens on the fray
is positioned automauticdlly.

Eventudlly, the softwdre provides u mutrix
with the medsurement result. It clearly
shows which lenses meet the yuulity de-
munds und which do not. Of course, dll
results cun be exported for luter unalysis.

Soffware Extension for WaveMuaster® PRO,
PRO Wufer und PRO Reflex

High volume production requires u fust, re-
liuble und fully uutomuted meusurement
process. The WaveMuster® PRO softwaure
module controls the whole meusurement
of u butch sturting with positioning of the
fray before euch meusurement und unu-
lyzing the meusurement result ufter euch
Mmeusurement.,

During the series meusurement redl time
analysis of educh lens is done. Every single
lens is clussified directly uccording to the
selected puss/fuil criteria which dare select-
ed from d large variety of different criteriu
including the RMS wuvefront error, the
residudl wavefront ufter comparing to u
muster lens or the MTF ure used for distin-
yuishing between good und poor lenses.
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FAIL: 0.566 A

PASS: 0.189 A
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Pass and fail classification

While the wufer or lens is meusured, the
wavefront of euch single lens, its position
in the butch und its puss und fuil clussifi-
cution are displayed live, dll other meu-
surement results ure suved into u file.
These cun be used to extract customized
sets of purumeters importunt for the pro-
duction process e.y. specific lens duberra-
fions or pitch errors.

WaveMaster® IOL

WaveMauster® |OL provides redl time analy-
sis of monofocul und multifocul intraocu-
lar lenses (IOL) by meusuring und unaulyz-
ing the wavefront with high speed und
accuracy.

The wuvefront muppiny enubles the
anualysis of most complicated lenses with
sphericul, uspheric or toric shupe. Amony
mauny other purameters WaveMaster® |OL

provides results for dioptric power us well
as high resolution power mupping of the
complete lens uperture. Lower und higher
orders of lens uberrations, Modulation
Transfer Function (MTF) and Point Spreud
Function (PSF) und Effective Focul Lenygth
(EFL) cun be meusured us well.

Various wauvefront sensors with different
sputidl resolutions und avdilable acces-
sories dllow for using WaveMauster® |OL in
different environments like production sites
or reseurch und development luboruto-
ries.

In combination with a temperuture stabi-
lized model eye dll types of IOLs ure chur-
acterized in situ according to EN/ISO
11979. It is dlso possible to simply Meusure
the lenses in dir.
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WaveMaster® |OL with model eye

The software is udupted for IOL meusure-
ment und delivers dll IOL specific purame-
ters like dioptric power or power mupping.
It includes extended unulysis feutures und
dutu suving options. In uddition, theoreti-
cul dutu cun be louded und compured
with medusurements in redl fime.

For ultra-fast meusurement of IOLs in high
volume production, un uutomuted tray
system with multiple lens seuts und uttach-
uble model eye is uvuiluble.

More detuiled informution ubout wuve-
front meusurement on |OLs is presented in
the brochure “WuveMuster® [OL”.

WaveMaster® INSTRUMENTS

& TRIOPTICS

WaveMaster' 10OL

Fast and Accurate Infraocular
Lens Tester

WaveMaster® |OL brochure



ACCESSORIES AND UPGRADES

Customized WaveMaster® Instruments

Besides the stundurd WaveMuauster® instru-
ments, customer specific wavefront
turnkey solutions ure developed, which re-
ly on the tfechnology und software of the
WaveMuster® series.

Accessories and Upgrades

The wavefront instruments ure churacter-
ized by u flexible design which dllows for
the aduption of the instruments to specific
demunds of un upplication. With the help
of the followiny uccessories und upyrudes
the function of the WaveMuster® systems
dare extended.

Wavefront Sensors
Whenh higher dynamic range or accuracy

is required the wuvefront sensors of the
WaveMuauster® instruments can be ex-

& TRIOPTICS
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chunged. All avdiluble WaveSensor® de-
vices cun be implemented into the
WaveMuster® instruments us un upyrude.
Further wavefront sensors dure offered on
reyuest.

lllumination

Light sources with different wavelengths as
well us humericul upertures ure avdiluble.,
Switching between numericul upertures is
simplified due to kinemutic mounts.

Telescopes

For muximum utilization of the sensor
dynamic range dund thus the |aterdl resolu-
tion u set of telescopes is uvuiluble.
Depending onh sumple diumeter und
wavefront sensor dimensions the optimum
maugnification hus to be selected. The
kinemutic mount dllows for eusy ex-
chanye of the telescopes.

WaveMaster® COMPACT sample holder

25
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Overview of Applications

Standard feature M
Option []

OVERVIEW OF APPLICATIONS

Field of Application

Research and development

Testing of lens systems

m O

Testing of intraocular lenses

High volume lens testing

Measurement Parameter

Wavefront Shape (PV, RMS)

Zermike coefficients of the wavefront

Point Spread Function (PSF)

Modulation Transfer Function (MTF)

Strehl ratio

Lens Topography

ONNENNN

O/N NN

Dioptric Power

Power Mapping

Effective Focal Length

Flange Focal Length

Om

Size of the Sample

Sample diameter of the lens: 0.5 o 15 mm

Sample diameter of the lens: 0.5 to 60 mm

Max. wafer diameter: 12 inch

H B O
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Overview of Available

Configurations

Standard feature Ml &
. Q°
Option [] @

Wavefront Sensor
WaveSensor® 150

WaveSensor® 100

WaveSensor® 80

WaveSensor® 60

Automatisation
Motorized adjustment of the light source
Manual adjustment of the sensor head

EOE ONOO

BN OmEOO
B B OEOO
B N OO0
B N OEOO

Motorized adjustment of the sensor head
Configuration

Infinite measurement in fransmission with a collimated
light source

Infinite measurement in fransmission with a point m
light source

Finite measurement in fransmission with a point light
source

Measurement in reflection with a point light source

lllumination

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

Ooom O

H OO N

N OOEOO O0OM@8 O B N N

B OOO0OmO OO0/«
N OO0O0OEO OO0«
N OO0O0OEO OO0«

Exchangeable Telescopes
Special Features

Additional inspection camera for measuring
characteristics of optical set up

Alignment tool (filt of the sample)
Wafer alignment tool [ | |
Model Eye O
Wafer bow compensation
FFL measurement Oa

oo

* on request
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Order Information

WaveSensor® und WaveMuster® Instruments and Upygrades

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® [OL
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




ORDER INFORMATION

Numericul Aperture Upyrades
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Standuard or lony working distance, depending on upplicution

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
Telescopes

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

Further telescopes on request

llluminution
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 Contacts Worldwide

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
Schwurzschildstrusse 12
12489 Berlin

Germuny

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

TRIOPTICS Subsidiaries

China

TRIOPTICS Chinu

E5/F, M7 Buildiny

#1 JiuXiunQiuo Eust Roud
Chuoyuny Dist.

Beijing 100015

Chinu

Phone: +86 10 8456 6186

Fax:  +86 10 8456 9901

Emuail:  info@trioptics-china.com
www.trioptics-china.com

France

TRIOPTICS Frunce

Domuine Scientifique de la Douu
66 Boulevard Niels Bohr

Batiment CEl

BP 52132

69603 Villeurbunne Cedex
France

Phone: +33 4 72 4402 03
Fux:  +33472 440506
Emuil:  Jeunmuarc.Lioutier@trioptics.fr
Website: www . triopftics.fr

CONTACT WORLDWIDE

Japan

TRIOPTICS Jupun Co., Ltd.
4-6-25, Nukadu, Surugu-ku
Shizuoku-pref., 422-8041
Japun

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

USA

TRIOPTICS Inc.

2223 West Sun Bernhurdino Roud
West Covinu, CA 91790

USA

Phone: +1 626 962 5181
Fux:  +1 626962 5188
Emuil:  sdles@trioptics-usa.com
www.trioptics-usu.com

Davidson Optronics, Inc.

2223 West Sun Berhurdino Roud
West Covinu, CA 91790

USA

Phone: +1 626 962 5181

Fax:  +1 6269625188

Emuil: sales@duvidsonoptronics.com
www.davidsonoptronics.com

Wells Reseurch und Development
15 A Lewis Street

Lincoln, MA 01773

USA

Phone: +1 781-259-8667
Fax: +1 781-259-8009
Emuil: info@wellsreseurch.com
www.wellsreseurch.com

Taiwan

TRIOPTICS Tuiwun

12 F, No. 3 LN. 16 Fuxing Rd.
Tuoyuun City

Taoyuun County 330
Tdiwan

Phone: +886 975 870 566
Emdil:  info@trioptics.tw
www.Trioptics.com
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TRIOPTICS Distributors

India

HP Instruments

# 435, Ist Floor, 6th Avenue, 4th Muin,
Teachers Colony, Koramangala P.O.
Bungdilore - 560 034

Indiu

Phonhe: +91 80 25521990

Fax:  +91 8025521991

Email:  hpil@vsnl.net

Website: www.hpinstruments.com

Israel

ProLoy Optics LTD
Ha Horesh Rd. 4
Yauhud, 56470
Israuel

Phone: +972 3 5364011

Fux:  +972 3 5364012

Emuil: natilevi@proloygltd.com
www.prologoptics.com

Korea

SamJoony Optical Industry
#701-101, Digitul Empirell
486, Sin-Donhy, Youhytony-Ku
Suwon-City, Kyungygi-Do
440-050 Koreu

Phone: +82 31 695 7450

Fux:  +82 31 695 7459

Emuil: inform@sumjoongoptical.com
www.saumjoohyoptical.com

TRIOPTICS

TRIOPTICS GMBH - OPTICAL TEST EQUIPMENT

Russia

JSC URAN
Promyshlennayu, 5
St-Petersbury
198099 Russiu

Phone: +7 812 33509 75
Fax: +7 81233509 76
Emdil:  info@urun-spb.ru
www.urun-spb.ru

Taiwan

Unice E-O Services Inc.
No. 5, Andony Roud
Chuny Li Industrial Park
Chuny Li,

Tuoyuun Shien 320,
Taiwan, R.O.C.

Phone: +886 3 462 6569

Fax: +886 3 462 5586

Emuail: unhicehy@unice.com.tw
www.uhice.com.tw

United Kingdom

Armstrony Optical Ltd

31 Cuxton House
Northampton Science Park
Kinys Purk Roud
Northampton NN3 6L.G

UK

Phone: +44 1604 654220

Fax:  +44 1604 654221

Emuil: info@urmstrongoptical.co.uk
Website: www.armstrongoptical.co.uk

Rest of World
Heudyuurters TRIOPTICS GmbH
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TRIOPTICS

TRIOPTICS GmbH - Optische Instrumente
Hafenstr. 35-39 - D-22880 Wedel / Germany
Phone: +49-4103 - 18006 - O - Fax: +49-4103 - 18006 - 20
E-mail: info@trioptics.com
http://www.trioptics.com
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