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WaveMasterelOL

Fast and accurate infraocular
lens tester

WaveMaster®IOL is an instrument provid-
ing redl fime unalysis of infraocular lenses
(IOL) by meusuring und unulyzinyg the
wavefront with high speed und accuracy.
The ulfra-accurate wavefront mupping
endbles unulysis of most complicuted
lenses with sphericul, uspheric or toric
shape. Amony muny other puruameters
WaveMaster®IOL provides results for

e Diopter power us well us high resolution
power mupping of the complete lens
uperture

e Lower und higher orders of lens aberrati-
ons

e Modulation Transfer Function (MTF) and
Point Spreud Function (PSF)

e Effective Focul Length (EFL)
e Cylinder

Various wavefront sensors with different
sputidl resolutions and avdilable acces-
sories ullow WaveMaster®IOL to be used in
different environments like production sites
or reseurch und development laboratories.
In combination with a temperature stabi-
lized model eye dll types of IOL cun be
chuaructerized in situ uccording to EN/ISO
11979. It is ulso possible to simply Meusure
the lenses in air.

The softwdare provides various ways of dis-
playing the results. It includes extended
analysis features und duta saving options.
In addition theoretical duta cun be
loaded und compured in redl time with
Medusurements.

For ultru-fust measurement of IOL in high
volume production, un uutomuted tray
system with multiple lens seats and an at-
tachable Model eye is avdiluble.

INTRAOCULAR LENS TESTER

WaveMaster®IOL is bused on u Shuck-
Harfmann wavefront sensor meusurement
system in infinite conjugute setup. Wave-
front sensors medusure aberrations which
dre infroduced to u wavefront while puss-
ing through dany kind of optical materidl,
or lens.

In the infinite conjuygute setup a point light
source is placed in the focudl plane of the
sumple under test. A telescope imuges
the exit pupil of the sumple under test on-
to the wavefront sensor. At the sume time
the imagye is magnified in order to use the
full ared of the wavefront sensor to guar-
untee the highest spatidl resolution.

Wavefront
Sensor

CCD Chip
........ Microlens Array

Imaging Telescope

Infinite conjugute setup of the wavefront mMeusure-
ment system



SETUP

System components
Wavefront sensor

The standard desigh of u Shack-Hartmann
sensor muinly consists of u CCD cumeru
which is placed in the focdl plane of u mi-
crolens array. An incoming wavefront is
sumpled by the lehses of the microlens ar-
ray und the foci form d spot puttern on
the cumeru which would be evenly
spuced in the cuse of u plaune wavefront.
Any dberration intfroduced by the sumple
lens leuds to u curvature of the wavefront
thus resulting in small locul wavefront filts.
These induce u meusuruble shift of euch
focus spot position. An integration of the
obtuined slope information dllows for re-
construction of the wavefront profile to be
reconstructed with high accuracy.

Usiny stute-of-the-urt computers this
wavefront reconstruction cun be done
within the CCD cumeru frume rate i.e.,
within fractions of u second even if mi-
crolens drrays with u large number of lens-
es dre used to obtuin high sputidl resolu-
tion.

Microlens Array

CCD Chip

f
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Light source

The point light source consists of a stabi-
lized monochromutic laser light source
with an dbsolute wavefront error < A/15.

It is avdiluble with different wavelenyths,
numericul gpertures und working dis-
tances. A kinemutic mount dllows for eusy
changye.

The point light source is placed on un auto-
matic high precision linear focusing stage.

Sumple holder

The sumple holder cun be udupted to the
requirements of the individual IOL meu-
surement tusk.

IN-Cir meusurement

Single IOL sumple jigs which dllow the lens-
es o be meusured in dir cun be used with
WaveMuster® |OL. The lenses ure pluced
in the jig which is then inserted into the
holder buse of the instrument. Thanks to
the high precision holder buse no extend-
ed sumple dlignment is hecessary. Due to
the edsy handling, lenses cun be ex-
changed very quickly resulting in a high
throughput.

’ Microlens Array CCD Chip

Meusurement principle of the Shack-Hartmann wavefront sensor
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In-situ Meusurement

When in-situ meusurements ure reqyuired u
model eye cun be used. It fits into the
high precision holder buse of the instru-
ment and is eusily exchungeuble with the
single lens jigs.

The model eye hus been designed to sim-
ulate the effect of the reul humaun eye
during meusurements of |IOL und is de-
fined in the ISO 11979 Stundurd.

It is composed of two purdllel plutes de-
limitating an areu filled with suline solution.
The IOL is pluced ut u specific position be-
tween these two plutes on u sumple hold-
er including the uperture stop. An uchro-
mutic doublet simulutes the eye cornheu.
The complete model eye is held ut u con-
stunt temperature of 35°C.

The gperture size cun be chunged to suit
Mmeusurement requirements. By default it is
@ =3mm.

The model corheu cun be removed eusily
to dllow the opticul power of the IOL to
be meusured.

Saline Water
n=1.336
»3 4 5 T=?5°C 7 8
mm
Aperture ! oL
p under Test

12 3 \i)/ i
/

Image Plane
/
Model Cornea
(Achromatic
Doublet) Parallel Plates
(BK7)

Design of the model eye according to the ISO
11979 Standard

SETUP

The WaveMaster®lOL with the model eye us the
sumple holder for in-situ Meusurement

High volume production testing

In cuse of testing in U high volume pro-
duction environment, the system cun be
factory configured with d fray system
which dllows g multitude of IOL to be
meusured fully automaticdlly. This tray sys-
tem which contdins a fully motorized high
precision XY lineur stuge is suituble for in-
dir und in-situ Mmeusurements including the
model eye.



OPERATING PRINCIPLE

During the meusurement un automautic
clussification of dll IOL in different guulity
clusses is done uccording to user defined
puss fail criteria, A clussification map is dis-
played ut the end of euch tray meusure-
ment dllowinyg the lenses to be eusily sort-
ed.

Operating Principle

Optimized for simplicity of use und high
accurucy, WaveMuaster® |OL provides u
fast and auccurute tool for testing intfraocu-
lar lenses in u reseurch und development
environment us well us in u production en-
vironment.,

The wuavefront is meusured und unaulyzed
with frame rates of up to 16 Hz und pro-
vides redl time power maup, PSF and MTF us
well dus analysis of the lower und
higher order lens daberrations. In addition,
WaveMauster® |OL dlso determines the EFL
and uveruyge diopter power. Alreudy dur-
ing the meusurement u redl time compuri-
son with design or reference dutu cun be
performed.

Since simultuneous meusurements of dif-
ferent uperture diumeters are possible the
IOL cun be unulyzed ut e.y. @ = 3mm
aund @= 6 mm ut the sume time without
chanyging the instrument setup.

- -

Defocus = -1 Defocus =-0.5

Defocus =0
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All meusurements on |IOL cunh be done
in-air or in-situ. Hardware as well us software
support un eusy und fust chunyge between
the different meusurement conditions.

On the softwure side this is enabled by the
possibility fo suve und loud individual meu-
surement settings files, on the hardware side
by using the high precision sumple holder. In
addition, dlignment error compensation und
automatic focusing ullow eusy und fast sum-
ple setup.

When meusuring large humbers of the sume
type of IOL, stdfistic functions in the soffware
ure uvdiluble.

Diopter and power map

The diopter power of un IOL is defined us the
reciprocul of the reduced puruxiul focul
length in agueous humor. From the meu-
sured effective focul length of the IOL, the
power cun be determined directly when the
Mmeusurement is made in situ.

Whenh meausuring in air, the WaveMaster® |OL
softwdre converts the diopter power of the
IOL for in-situ conditions taking the design
conversion fuctor of the lens intfto uccount.
Medusuring in dir leuds to eusier handling of
the lenses und fust throughput in production
conditions for exumple when using a tfray
with several fens of IOL.

In the power mMup the locul effective focul
length for euch point of the aperture of the
IOL is displayed. It is directly deduced from
the meusured wuvefront.

7

Defocus = 1

Defocus = 0.5

By meusuring the wavefront defocus coefficients, the EFL and diopter power of the IOL cun be eusily

determined
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PSF and MTF

The Modulution Transfer Function (MTF) is u
parameter that objectively describes the
performance of opfticul imayging systems
by testing the dbility of an opticul system
to transfer the detdils of un object to the
imuye in terms of contrust. It hus the vulue
1 for u perfect contrast reproduction and
the vdlue 0O for u system unuble to produ-
ce uny imuge confrust,

PSF us well us MTF cun be culculuted di-
rectly from the meuasured wavefront and
are displayed in redl time.

OPERATING PRINCIPLE

Lens aberrations

The meusured wauvefront cun be decom-
posed into u lineur combination of poly-
homiuls of the Zerhike or Seidel series
which describe typicul opticdl properties
und errors of U lens us e.g. comu und
astigmatism or spherical aberrations. This
allows for reul time meusurement and
compurison of lower und higher order lens
uberrations of the IOL.
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First 6 orders of the Zernike coefficients



OPERATING PRINCIPLE

Toric IOL measurement
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culculutes the cylinder of the lens und
estimates the angle of the toric axis. In ad-

The WaveMuster® |OL mukes it possible to difion, by setfing the positions of the foric

meusure toric I0Ls by automuaticudlly fin- murks in the infensity view, the operutor
ding the different focusing plunes ulony cun determine the devidtion between the
the two crossed meridiun of the lens. From toric uxis und the toric marks.

these different wavefronts, the software
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The advunced software is desighed to work
with Windows operating systems and feu-
tures eusy, intuitive operation to meet opti-
cul test reguirements. It offers u high level
of speed und uccurucy und provides con-
sistent, reliuble resulfs.

All aspects of data acquisition starting with
the powerful autofocus system, data calcu-
lation, cdlibration aund the display of dutu
dre under soffwure control und fully auto-
muted. The softwure puckuye provides
Mmenu-driven operutor yuidunce und ud-
vuhced duta munagement,

SOFTWARE

Wavefront acquisition and display

e Absolute or relutive measurement
e Subftraction of background illumination
Redl time display of
e 2D und 3D wavefront
* Peuk-to-Vulley und Root-Meun-
Syuure Values
* Intensity
¢ Slope dutu
°* Ruw cumeru imuye
Redl tfime correction of sumple misalign-
Mment (filf and defocus)
¢ Avdiluble units: um or A
Frame rate up to 16 Hz
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WaveMaster®lOL Softwure - Wavefront und culculution of MTF



SOFTWARE

Intraocular lens measurement

e Diopter power und power mup
* Redl time culculation und 2D und
3D display
e Customized zonul display of power-
map
* EFL meusurement aund display
e MTF und PSF
* Redl time culculation und 2D and
3D display
* Redl time numericul und ygraphicdl
(2D und 3D) display
¢ Lower und higher lens uberration
(Zernike und Seidel)
* Redl time dberration unalysis
* Redl time numericul und ygraphicdl
(2D und 3D) displuy of uberration
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e Puss/Fuil clussification according to user
defined criteriu
¢ Redl time compurison of meusurement
results with desigh dutu

Data saving and documentation

e Meusurement certificute showing
e Graphicdl aund humericul display of
dll meusurement results
* Meusurement condifions and
sumple reluted information
¢ Results cun be suved in various formats
to dllow for further analysis with external
softwure
e Detuiled meusurement settings cun be
suved into sepurate files und relouded

coefficients
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WaveMaster®lOL Softwure - Wavefront und Aberration evaluution
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Technical Data

e Aperture diumeter: 0.5to 15x 15 mm
e Number of lenslets: up to 140 x 140
* Power runye:
Direct meusurement
e |n uir: >+4D, <-10 D
e |nsitu: >+10D,<-30D
Collimated illumination
°|huir<3D,>-3D
e |nsituu<1D,>-1D
With model corneu
¢ |n situ: o limitations
e Power ubsolute uccurucy: 0.1 10 0.3 %
e Power resolution: 0.01 D
e Power mup luterdl resolution: 20 um
for u 3 mm aperture
e MTF ubsolute uccuracy: 2%
e Wavefront meusurement absolute
(relative) accuracy rms: <A/20 (A /50)
¢ Meusurement fime for 1 IOL including
Power, MTF aund uberrations: 5 sec
e Wavelenygth: 532 nm
e Focus position uccuracy: 1.5 um

TECHNICAL DATA
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