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OPTOMATIC

Fully Automatic Optical Bench

DESCRIPTION

OPTOMATIC is the first fully uutomuted optical
test instrument feduturing rapid, ultra-uccurate
und objective performance characterization
of u wide vuriety of opficul components und
lens systems.

Respondinyg to customer reyuirements for in-
creused speed und uccurucy in Meusure-
Mment of opticul parameters, OPTOMATIC pro-
vides dramuaticully increused overdll uccurucy
und softwure control of the complete medusu-
rny procedure.

Almost dll optical purameters of lenses with
diameters from 0.5mm to 200mm cun be auto-
mautically measured: effective focul length,
buck focdl lenygth, flunge focul distunce, cen-

DESCRIPTION

MEASUREMENT PRINCIPLE
Effective Focal Length

A highly corrected collimator projects the imu-
ge of u specidl target to infinity. The pardllel
ray bundles enter the lens under test parallel
to the opticul uxis und emerge from the lens
us u convergent beum intersecting in the fo-
cul plune.

The target imuyge formed in the focdl plane of
the lens under test is collected by u microsco-
pe ussembly und focussed on the high resoluti-
onh CCD array uccurately locuted in the focdl
plune of the Microscope.

The microscope ussembly with the CCD array
is mounted oh u Motorised lineur stage driven
by u stepper motor.

A computer-controlled Auto-Focus System dl-
lows for uutomuted und uccurute finding of
the focul plune of the lens under test. Simultu-
neously the size of the projected collimutor
target is precisely determined und thus the ef-
fective focul lenyth (EFL) of the lens under test,

Microscope assembly
with CCD array

Sample

Reticle with
calibrated target, y

Target generator with

Video
Processing
‘_

collimating optics

Travel of linear stage

Optomatic: Optical Diagram
for measuring focal length

f':—fk%

fration errors in fransmission und reflection,
unyle und power of wedyes, MTF, etc.

The operdtion is simple: once the fest purume-
ters for one lens ure defined, these cun be su-
ved to u set up file und used for further meusu-
rements. The meusured dutu ure uccurute
und repeutuble.

The softwure puckauye designed to work un-
der dll Windows operating systems provides
Mmenu-driven operutor guidunce und udvun-
ced dutu munuyement,

All uspects of the dutu ucquisition starting with
the powerful Auto-Focus System, scunning of
the CCD uarray, self-cdlibrating and displaying
the meusured datu are under softwdare control
und fully automauted. The set up und meusure-
ment parumeters for one lens type cun be sto-
red to u file und louded uyguin when heces-
sary. This reduces considerdubly the set up time,
so that un operator medusuring a hew butch of
lenses starts producing reliuble Medusuring du-
tain 5-10 seconds.



MEASUREMENT PRINCIPLE

Flange Focal Length

The Flunyge Focul Lenyth (FFL) or the Flunye
Focul Distunce (FFD) is the distunce between
the locuting surfuce of the lens mount und the
imuge plune. This purumeter is especially im-
portunt for the photogruphic lenses us di-
stunce between the locuting surfuce of the
lens mount und the film (imayge) plune.

The self-centering sumple holder of the OPTO-
MATIC hus three stable pihs with a diameter
step providing u precise mechaunical stop for
the lens mounts. The pins ure mude of harde-
hed dund ygrinded steel to ensure the hecessary
stability. The locuting surface of the lens mount
must be in ferm contact with the pin step us
Mecunicul stop. To determine the position of
the mechunicul stop und thus of the locuting
surface of the lens mount, a specidl reticle in
mount is positioned into the sample holder.
The opticul heud of the OPTOMATIC will auto-
maticdlly focus und accurately ascertdin the
position of the the illuminated specidl reticle.

Since the thickness of the reticle mount (di-
mension X) is uccurutely meusured before, the
position of the mechanical stop is eusily calcu-
lated. After this, the serial meusurement of FFL
cun start: the imaye plane of the sample is
meusured und the FFL is automatically calcu-
lated and displayed.

P

Special reticle llumination
in mount assembly
mounted on

sample holder

Reference plane
Mechanical stop

Sample Holder

Optical
Head

Set up for FFL-Measurement

Besides the ubsolute meusurement of FFL U re-
lutive meusurement is ulso possible. In this cu-
se u muster lens is Meusured us U reference.
The duta are stored und then compuared with
the results of the seriul meusurement.
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Back Focal Length

The Buck Focul Lenygth (BFL) is the distance
from the vertex of the lens to the second focul
point. The opticul heud for BFL-meusurement is

BFL-Measurement with OPTOMATIC

desighed us u speciul uutocollimuting device
incorporuting J speciul turget, beuamsplitter
and imaging optics. A fiber optic illumindation
with condenser optics illuminates the target,
The projected imuye of the turget is automuti-
cully focussed on the vertex und in u second
step in the focadl plane of the lens under test.

Optical Head

Focussing on Lens Vertex

Tilt mirror mount

Focussing in the
Image plane

Set up for BFL-Measurement

Each position of the two focussing planes (lens
vertex and focul plane of the lens) is accuru-
tely meusured. The distunce between the two
focussing positions is the BFL.

The collimated beum for the focdl plane meu-
surement is provided either by d filt mirror locu-
ted behind the lens under test or by the colli-
muator included in the opticul set up of the
OPTOMATIC. When using the standuard collimu-
tor, a second illumination unit with a shutter is
heeded. Euch illuminution unit is auctive when
the corresponding focussing (on to the vertex
or in focdl point) is accomplished.
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Centration Errors

The normual procedure to identify the centering
errors is o rotate the sample in fransmitted or

Measurement of centering errors in Transmission Mode
with OPTOMATIC

reflected light. For the meusurement in Trans-
Mmission the standard opticul heud and the colli-
mator is needed. The purdllel beum emeryinyg
from the collimutor is focussed in the focul plu-
he of the sumple to
be meusured.

For centration meusu-
rement in Reflection,
Standard Optical Head the uutocollimuting
Uttra-precision ORTicul heud (sume
Rotary Holder used for BFL medsure-
ment) is mounted on
the meusuring unit in-
_stead of the standurd
opticul heud. The Au-
focollimuting Opticul
Heud is focussing in

o e

Aut(;cﬁollimating
Optical Head

Measuring Gentration in
Transmission Mode

the center of curvuture
of the lens.

When rotuting the lens
under test - if centering
errors ure present - the
imuye of the taryet for-
med on the CCD will
move correspondingly.
The size of the displuce-
Mment is proportional with
the centering error. In or-
der to be rotuted, the

Ultra-precision
Rotary Holder

-

Measuring Centration
in Reflection Mode

MEASUREMENT PRINCIPLE

lens is positioned in u precision self-centering
holder feuturing four indexing stops ut 90°and
rotation over 360°.

During the holder rotation, medsurement datu
are taken in any of the indexiny stop positions.
A specidl dlghoritm dllows for automatic calcu-
lation and display of the centering errors. The
result of the meusurement cun be given us ru-
dius of the run out circle (in um) with un accu-
racy of +/-0.5um or s tilt of the surface or of
the lens uxis (in urcsec).

Measurement of centering errors in Reflection Mode with
OPTOMATIC MICRO

MTF-Measurement

The set up for MTF meusurement includes the
stunduard opfticdl heud eqyuiped with a high re-
solution relay lens. A harrow bandwidth interfe-
rence filter is mounted into the illuminution unit
of the collimutor.

Two busic meusurement procedures dre uvdi-
luble: MTF-cdlculation bused on the evdludtion
of the imuge of un edyge turget und a second
procedure bused on the unulysis of the imuye
of u slit furyet.

The edye imuyge evuluution cun be curried out
with the standurd collimator target i.e. u
double slit, which is primarily used for EFL meu-
surement. The udvuntuye is the simplicity of the
eyuipment und the simultuneous meusurement
of EFL und MTF.



APPLICATIONS

Centration and MTF Measurement with OPTOMATIC MICRO

However, due to the medusuring principle the
accuracy is limited. This procedure is very cost
effective and recommended for production
quuntities when relutive meusurements in
compurison with a master ure ucceptuble.
The slit evaluation requires u specidl slit target
to be mounted in the collimator. The MTF cul-
culated from the slit evaluation is more auccu-
rate, however, it requires expensive hardwdare,
The OPTOMATIC system includes d specidl illu-
mination unit with an electronic shutter. The el-
ectronic shutter is software controlled und
opens dlternatively the double slit for EFL meu-
surement or the nurrow slit for MTF-meusure-
ment,

Angle and Power of Wedges

The unigque versdtility of OPTOMATIC is underli-
hed by the capdbility o medusure not only pu-
rameters of lens systems but unygles und power
of wedyes, windows, plane-pardllel plates. A li-
mited types of prisms (pentuprisms, 180°-
frisms) cun be meusured us well.

The set up includes un uncillury lens positioned
in the sumple holder. A reference meusure-
ment of this lens is tuken. The position of the fo-
cul plane of the ancillary lens and the position

TRIOPTICS
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of the target imuge on the CCD is uccurately
determined und suved. Plucing a wedge bet-
ween the collimator and the ancillary lens
cuuses u displucement of the target imuge on
the linear CCD array. The displacement is
Mmeusured und the deviution unyle culculated
and displayed with a resolution better than 1
arcsec. over u runge of 1°-1.5°,

Aberrations of the transmitted wave front
through the wedge or window under test will re-
sult in modifications of the EFL of the ancillary
lens. Thus the power of wedyges und prisms cun
be simultuneously determined with an dccu-
racy better 0.002 dpt.

WIDESPREAD APPLICATIONS

OPTOMATIC hus beehn design to medusure u wi-
de range of optical paurumeters related to al-
most dll typical optical components und lens
systems.

Virtudlly any existing lens systems ranging from
high performunce photographic lenses und
Mmicroscope objectives to endoscope, ophtul-
mic lenses, singlets und doublets or molded
plustic lenses cun be uccurately medusured.
Further upplications include the meusurement of:

e high performance lenses

e cinemutic und TV lenses

e enlurger und projection lenses

e copier und scunner lenses

e Microlenses for CD und DVD upplicutions

The cupubility to meusure simultauneously the
EFL und centration errors mukes the OPTOMA-
TIC un ideul meusuring station for industridl
und medicul endoscope lenses.

A speciul upplicution is the meusurement of
Intfra Oculur Lenses. A dedicuted version of
OPTOMATIC MICRO meusures fust und uccu-
rately the power, the MTF and the astigmatism
of IOL’s uccording to ISO 11979.

Not only high performance lenses cun be uc-
curutely meusured. Lenses with poor imuye
yudlity (ex.:plastic lenses for proximity switches,
uspheric molded lenses, molded condenser
optics,etc) which cun hot be checked with vi-
sudl instruments ure Meusured fust und reliu-
ble with OPTOMATIC.
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Since OPTOMATIC hus u modulur design, spe-
cific custom upplicutions cun be eusily reuli-
sed by udding optionul modules. In this way is
possible to meet different customer require-
Mments s testing of lenses with rectangular sha-
pe or to extend the meusurement cupdbilities
in the NIR spectrdl range.

SOFTWARE

The udvunced software is designed to work
uhder Windows operating systems and fulfils
the need of the opticul shop for eusy, intuitive
operution und feutures u lurge humber of op-
fions to uccomodute u lurye variety of speci-
fic requirements:

e selection of different medsurement routines
for sumples with different imaging gudlity. In
this way even sumples with lowest imaging
performunce cun be eusily tested.

SOFTWARE

e selection of rupid or uccurate Meusurement
routines offers highest operation flexibility

¢ to increuse the efficiency in production pro-
cess, the softwure hus cupubilities to suve
the optimized process purameter for future
use.

o for production use the muin functions cun
be tfrunsferred to u dedicuted keybourd so
that even unskilled operators cun provide re-
liable meusurement results.

Since dll the softwure modules used for meu-
surement of different optical parameters are
infegrated into a main softwdre program, the
fime necessury to chunyge to unother upplicu-
tion is minimal. The meusurement certificate in-
cludes besides the meusurement dutu u stuti-
sticul evaluaution of the results.

&. Dptomat 99 - C:\buffer\test? mdt @] ]
Fie Yew Optors fwtal 2
Start position: mm Stop position: mm Focal length ca. |+3---+5U v|mlll ¢ | < | Pu&222llJ1n‘ln| »> | > |
Vertex pnsilioni |mrn Microscope 10 x I FiNo. ca. |2‘8 vl Spesdvahe: [39 % Close |
Cantract TN 1 Medi * Low Exposure: & Auto ¢ Manual
|
CERTIFICATE E
Company: TRIOPTICS
Date: 02.06.2000
Product: Achromat
Serial number: a2234
= 147
Operator: Meier -
Remarks: P
Remarks:
Measured with: OPTOMAT 2000 ; mﬂ.“"“
shink |
Positive focal length | Focal plane position Centering error Angular error
No. f s R ®
1 68.024 mm 222.017 mm 0.02% mm 422 .384 urad
2 68.045 mm 222.015 mm 0.030 mm 440.075 urad =
New | | Measure | Delete Master,

Measuring EFL and Centration Errors



SOFTWARE

&.Dptomat 99 - C:\buffer\test. mdt

Ele View Oplions Install 2

Start position: mm Stop position: mm Focal length ca. |*3---+5|] 'l mm

Vertex position 1 00 |mm

Microscope 10 x

Contrastt C Normal ¢ Medium & Low Exposure:  Auto & Manual
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= |8] x|
Muotor driver - Focal plane I
< |<<|Pmc222.&3m|>)| )l
F/No. ca. [a— =]
I el Speedvake: [50 % Cose |
=
|

CERTIFICATE

Line scan camera

Company: TRIOPTICS 20
Date: 02.06.2000 L
Product: IOL Lens
Serial number: 13234
Operator: Meier
Remarks:
Remarks:
Measured with: OPTOMAT 2000
: L0 T s k2 s 224.4'3
Diopter MTF ; | Edlage | Enlargement: 17 shink |
No. s0lpfm | 100Mpkm | 150 lp/mm
1 14.750 dpt 0.743 | 0.548 | 0.410
2 14.750 dpt 0.744 | 0.547 | 0.413 =
New I | Measure [ Master,
Measuring diopter power and MTF of IOL
INSTRUMENT SELECTION

New certificate |

Positive focal length
Negativ focal length
Focal plane position
Back focal length
Dpt Intraocular
Diopter0_5
Centering

Centering refl.

Total defl. angle
Optical power
MTF

- Positive focal length

Achromats200+50 (50..100mm)
mic10x alt (3..50mm])
Microscope 10 xx [3..50mm)
Microscopel0x (50..100mm)
PaMikroskop 104 [3..50mm)

W ore options...

The OPTOMATIC eyuipment line includes:

e OPTOMATIC - u versutile, horizontully set up
insfrument which is recommended when u lar-
ge vuriety of sumples should be tested and
when flexibility and guickly chunging medsu-
rement tasks are reyuired.

OPTOMATIC is dlso the prefered instrument for
meusurement of longer focdl length. However,
due to the horizontal set-up the OPTOMATIC is

less suited for centration meusurement.
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e OPTOMATIC MICRO - is vertically set-up and
dedicuted to the meusurement of small lenses
and shorter focul lenyths.

OPTOMATIC MICRO

OPTOMATIC MICRO is recommended for
testing of muss production quuntities of IOL’s or
endoscopes lenses und for upplications where
centration meusurement is muin task (due to
the verticual set up).

INSTRUMENT SELECTION

o OPTOMATIC 2000 - is verticully set up aund
specidlly designed for meusurement of lenses
of lurge diumeter (up to 200 mm). Due to the

OPTOMATIC 2000

large aperture collimator with longer focual
length OPTOMATIC 2000 is ulso the right choi-
ce for MTF meusurement. All the buasic models
cuh be supplied in standard or customized
versions to fulfill specidl requirements.

OPTOMATIC
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Description

CODE

BASIC INSTRUMENT

Stund

High performunce imuying heud lenses
Image processing curd for IBM-computible PC
Target generator with collimating optics
Mount with self-centering holder.

Fiber optic illumination with lony life cold light
source 150W

Software for positive focal length (EFL+)

e Aluminium cuse for storuge und transportation

Linear stuye, stepper motor, stepper motor controller
Meusuring heud with high resolution linear CCD-drray

OPTOMATIC OPTOMATIC

MICRO

OPTOMATIC
2000

2-100-00 2-200-00 2-300-00

e Extension for meusuring negative focal
length (EFL-)

2-100-01 2-200-01 2-300-01

focal length

e Extension of meusuring runge for positive / negative

2-100-12 2-200-12

o Option for meusurement of back focal
length(BFL+/BFL-)

2-100-08 2-200-08 2-300-08

e Option for meusuring flange focal length (FFL+/FFL-)

2-100-11 2-200-11 2-300-11

mission

e Option for meusurement of centering errors in trans-

2-100-05 2-200-05 2-300-05

¢ Option for meusurement of centering errors in reflection

2-100-07 2-200-07 2-300-07

ges, plan-purdlell plates and 180°-prisms

e Option for angle measurement and power of wed-

2-100-03 2-200-03 2-300-03

o Option for MTF-Measurement on-uxis in tanyential
plane. Edye evaluution

2- 100-06 2-200-06 2-300-06

o Option for MTF-Measurement on-uxis in tanyential
plune. Specidl reficle puttern feuturing a single
slit/double slit. Electronic shutter. Slit evaluation

2-100-16 2-200-16 2-300-16

TECHNICAL SPECIFICATION
Considerations about accuracy

OPTOMATIC hus been designed to cover u lar-
ge meusuring runge und in this way to beco-
Mme J universul meusuring tool. To endble this
without sucrificing the accuracy, OPTOMATIC
uses selected hardware components like high

resolution CCD drray, precision microscope
objective or highly corrected uchromauts in or-
der to uccomodute to different sumples und
different opticul purameters.

Moreover the software automuaticully adupts
to different requirements when meusuring un-
der extreme conditions us too smull or very
lony focul lenyths, uncorrected lenses (ooor
imuyge yudlity), poor confrust, etc.,
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The software dlso increuses more than 20 times
the resolution of the CCD, so that the meusu-
rement of the target imuye is mude with u re-
solution smaller than Tum.

The unuvoiduble inaccuracies of the system
components ure eliminuted through individudl
cdlibration using high precision master lens
certified by different national stundurd institu-
tes. This sofisticated and costly cdlibration pro-
cedure ussures the highest ubsolute accuracy
of euch instrument. The cdlibration values are
stored in u speciul file und uutomuticully used
to correct the raw meusurement duta, The dis-
played meusurement results ure ulways cor-
rected by meuns of cdlibration values specific
to edch instrument. The sofisticated cdlibration
procedure is puying off in superior performaun-
ce us well in increused repeutubility.

TECHNICAL SPECIFICATION

On reyuest Muster lens cdlibrated by nhational
staundurd institutes ure supplied to customers
for in-house checking of the cdulibrution of the
instrument or to be used when certificution
uccording ISO 9000 is reyuired.

Features

o Fully automatic und computer controlled
meusuring process

Menu driven software

Cudllibration directly traceuble to internatio-
nal standards

Extremely short meusurement time
Advanced soffware running under dll
WINDOWS® operution systems

Technical Data

Effective Focal Length OPTOMATIC OPTOMATIC OPTOMATIC

(EFL+/EFL-) MICRO 2000

Stundurd meusuring runge: +5...+750 mm +1...+150 mm +5...+1000 mm
-5...-550 mm -2..-150 mm -5...- 1000 mm

Extension of meusuring runye

+750...+1200 mm

+150...+500 mm

-550...- 1200 mm - 150...- 500 mm
Lens Diumeter 5-75 (100) mm 1-35(75) mm 5-75(200) mm
Repeutubility 0.03...0.2%
Meusurement Accurucy 5.25mm: 0.1%... 0.3%
25...500 mm: 0.03%...0.1%
500...800 mm: 0.05%...0.1%
800...1200 mm: 0.1%... 0.3%
Meusurement Time First meusurement: 5 - 8 sec

Next meusurement: 3 - 5 sec

Flange Focal Length
(FFL+/FFL-)

Meusuring ranye: +5...+500 mm +5...+150 mm +5...+4500 mm
(Extension on reyuest) -5...- 500 mm -5..-150 mm -5...- 500 mm
Lens Diumeter 5-75(100) mm 1-35(75) mm 5-75(200) mm
Repeutubility 0.08...0.1%

Meusurement Accurucy

0.05%...0.2%

Meusurement Time

First meusurement: 5 - 8 sec
Next meusurement: 3 - 5 sec




TECHNICAL SPECIFICATION

TRIOPTICS

TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

Back Focal Length OPTOMATIC OPTOMATIC OPTOMATIC

(BFL+/BFL-) MICRO 2000

Meusuring ranye: +5...+500 mm +5...+150 mm +5...+450 mm

(Extension on reyuest) -5...-500 mm -5..-150 mm -5...- 450 mm

Repeutubility 0.1...0.3%

Accuracy 0.2%...0,5%

Meusurement Time 10-25sec

Centering Errors in

Transmission and Reflection

Meusurement Runye (Extension on request) +5...+500 mm +5...+150 mm +5...+450 mm
-5...- 500 mm -5...- 160 mMm -5...-450 mm

Repeutubility +0,5 um or £2 urcsec

Accuracy +1 pm or £5 arcsec

Medusurement Time 5-15 Sec

MTF-Measurement

on-axis in tangential plane

Meusurement Rungye

e Cbsolute meusurement: 5...75 mm (EFL) 1...75 mm (EFL) 5...150 mm (EFL)

e relutive meusurement: 5-500 mm (EFL) 5250 mm (EFL) 5-500 mm (EFL)

Test mode automutic. on-uxis
Spatial frequency 0-150 lp/Mmm
MTF-Meusurement / Edge evuluution

e Repeutubility 2%

e Accuraucy 3%
MTF-Meusurement / slit evaluation

e Repeutubility 1%

e Accuraucy 2%
Angle and power of wedges

and plan-paralell plates

Meusurement Runhye approx. 1°
Accurucy +] urcsec
Power (optical effect) + 0.002 dpt
Meusurement Time 1 sec

11
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Optical Workstation

OPTOMATIC is modular and upygradeuble to
dllow for custom configuration as test require-
Mments change. All components of the instru-
ment ure individuully culibrated. The culibruti-
on vulues ure stored in u specidl file und uuto-
mauticdlly used to correct the meusured vu-
lues.This sofisticuted culibrution procedure is
puying off in superior product performunce
und increused repedtubility.

Beinyg un automautic turnkey system OPTOMA-
TIC is hot operdator-dependent. This hot only re-
duce meusurement tfime to u few seconds,
but increuses uccuracy und reliability of the
test. The meusuring results cun cun be printed
out or suved to file.

OPTICAL TEST STATIONS GONIOMETERS

US Distributor:

MILDEX..

1388 Crittenden Roud
Rochester, NY 14623-2308 U.S.A.
Tel. (716) 473-6540 - Fux (716) 475-1971
e-muil: mildex@eznet.net
Home puge: http://www.mildex.com

CENTRATION MEASUREMENT

Dimensions and Weights

Length X Width/Depth X | Weight
Height (mm) (Kg)
OPTOMATIC 1250 X 200 X 300 20
OPTOMATIC 280 X 400 X 800 25
MICRO
OPTOMATIC 350 X 600 X 1150 40
2000

SPHEROMETERS

& TRIOPTICS

Trioptics GMbH - Optische Instrumente

Hafenstr. 39 - D-22880 Wedel - Germany

Tel: +49-4103-17461 - Fux: +49-4103-17363
e-muil: info@trioptics.com
http://www.trioptics.com



