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wPhase® interferometers

Measure with highest precision

uPhase® interferometers offer objective
and precise measurement results of sur-
face and wavefront measurements - quick
and reliable.

uPhase® interferometers are compact,
small and lightweight digital tools which
can be used in almost any working envi-
ronment. These measuring devices are
perfectly complemented by the pShape
measurement and analysis software to ful-
fill the highest expectations of quality
management.

Strong arguments for p.Phase® line of inter-
ferometers

m Compact size and modularity enable adap-
tation to a variety of production and work-
ing environments

m Objective digital measurement prevents
human errors

m Well-structured and comprehensive soft-
ware supports both production and lab use

uPhase® 3.2

Measuring without leaving marks behind

The pPhase® interferometer systems are
used for measuring high precision optical
components made of glass, plastic, metal,
ceramic and similar. The non-contact mea-
surement method prevents damage to the
sample under test and gives the most ex-
act evaluation of the entire surface or
wavefront.

Modular system providing stand alone inter-
ferometers and turnkey solutions

TRIOPTICS offers uPhase® interferometers
as self-contained modular parts as well as pre-
defined turnkey solutions.

uPhase® customers especially appreciate the
space saving and modular concept of the
uPhase® product line which allows the cost-
effective utilization of the instruments.

The different parts of the uPhase® interfer-
ometer line are all compatible and form pow-
erful measurement devices.

uPhase® sensors

uPhase® 3.3

uShape uPhase® 3.1
interfero-
meter
software
PLANO PLANO UP
DOWN

p.Phase® turnkey solution (sensor +stand + software)

VERTICAL/ UNIVERSAL ST+R

SPHERO UP | VERTICAL PRO

pnLens PLANO and SPHERO objectives

Different samples examples: molding tool, IOL, ceramic seal surface, Zerodur sphere
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wPhase® 3 sensors

Most flexible interferometer sensors

These highly integrated phase-shifting Twy-
man-Green interferometer sensors meet the
toughest demands for modern quality man-
agement. In combination with the measure-
ment and analysis software uShape this high-
performance precision measuring instrument
provides information about the specimen's
surface, wavefront or test objective aberra-
tion.

Measurement technique

Twyman-Green phase-shifting interferometer, convertible to
Fizeau measurement mode

Advantages of pPhase® sensors

m Compact size and modularity enable adap-
tation to different production and working
environments

m Simple and fast adoption to different reflec-
tivities for optimal image contrast adjust-
ment

m Wide field of view alignment mode: Simple
and fast alignment of the sample due to a
second camera for alignment purposes

m High resolution cameras: 1200x1200 pixels
and 600x600 pixels (uPhase® 3.1)

m Object plane focusing ability (uPhase® 3.3
only)

m High flexibility: Useable in any orientation
and different stands

m Measurement accuracy traceable to inter-
national standards

m Standard measuring wavelength 632.8 nm;
customized versions measuring at wave-
lengths from 355 nm to 1064 are also avail-
able upon request

m Robust, dust-proof housing

Technical data

Measurement capability

Measurement of surface topography of reflective surfaces and
wavefronts of optical systems in transmission

Laser wavelength

632.8 nm; option: wavelength between 355 nm and 1100 nm

PV repeatability? N/ 400 (A = 632.8 nm)

RMS repeatability? A/ 6500 (\ = 632.8 nm)

WVEEHIE e lna A / 20 (A = 632.8 nm), other on request

Camera resolution

uPhase® 3.1: 600 x 600 pixel
uPhase® 3.3: 1200 x 1200 pixel

Digitalization 12 bit

Laser class with safety mount: class 1; Laser itself: 3B

1) Determined from 100 consecutive measurements over 96% clear aperture with 16 phase averages in a stable en-

vironment.



ulLens objectives

The pLens PLANO collimated test objectives
and the plLens SPHERO spherical objectives
complement the uPhase® interferometry sys-
tems and increase the flexibility and modular-
ity of the complete system. The pLens PLANO
objectives allow for measurements of flat sur-
faces or optical systems in transmission from
2mm up to 150mm in diameter. The spherical
test objectives range pLens SPHERO allows
testing of spherical and weak aspherical sur-
faces, as well as optical systems in transmis-
sion. Measurable sample radius (convex and
concave) and diameter depend on the specific
test lens.

The 100mm PLANO objectives also allow to
attach common Fizeau objectives (Fizeau
lenses / Transmission spheres).

pnLens PLANO overview

Description

plLens PLANO 2

Numerical Aperture [mm]

Further advantages:

m Existing uPhase® systems can be expanded
easily and at low cost thanks to the modu-
larity and compatibility of the objective de-
sign

m Testing of small samples with radii below
1mm is possible

m High measuring precision through minimum
wavefront aberration of the LLPhase® and
pLens objectives

m Field of view correction allows high mea-
surement safety and interferometry with
high fringe densities
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CXmax

CX MAX = max. radius of curvature for convex surfaces (R > 0) CS = Radius of curvatures of the sample

CX MIN = min. radius of curvature for convex surfaces (R > 0)
CC MAX = max. radius of curvalure for concave surfaces (R < )
CC MIN = min. radius of curvaturs for concave surfaces (R < 0)

MPhase® focusing range for imaging of spherical
surfaces

Sample diameter [mm]

uPhase® base module

pLens PLANO 10

uLens PLANO 50

puLens PLANO 100

puLens PLANO 150

Information about objectives for combination with uLens PLANO 100 and 150 available on re-

quest.
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pLens SPHERO overview

Description f-number a[°] CXmax [mm]

pnlLens SPHERO 10 f/0.7
pLens SPHERO 10 f/1.0
plLens SPHERO 10 f/1.5
uLens SPHERO 10 f/3

plLens SPHERO 10 /5.2
pLens SPHERO 10 /7.6
pnLens SPHERO 10 f/12

ulens L
SPHERO uLens L
ulens ulens
1 g;;’gRo plens 10%/3 SPHERO SPHERO SPHERO

SPHERO 10/7.6 10f/12

10F/1 ) 10¢/15

the grey area indicates an aperture filling of 20%

Dp - measurable sample diameter [mm]

120 130 140 150 160

max. convex radius of sample [r

Description CXmax [mm]
pLens SPHERO 50 f/0.7 . 0.71
pLens SPHERO 50 f/1.0 1 0.50 60 45
pLens SPHERO 50 /1.5 1.5 0.34 40 70
pnLens SPHERO 50 f/2.4 2.4 0.21 24 130
pLens SPHERO 50 /4.1 4.1 0.12 14 225

60 ulens

ulens
SPHERO SPHERO
s0f/24 50 /4.2

uLens
50 plens SPHERO
SPHERO 50f/1.5
50f/1

ulens
20 SPHERO
50f/0.7

the grey area indicates an aperture filling of 20%

measurable sample diameter [mm]

0 20 40 60 80 100 120 140 160 180 200 220
max. convex radius of sample [mm]



wPhase® turnkey solutions

Standard ® Option [

Testing of flat surfaces
Testing of spherical surfaces
Testing of aspheric surfaces

Testing of wavefronts in transmission

Radius of curvature measurement

Low vibration sensitivity

Production use

Quality management use

R&D department use

Measurement setup

Modular / upgradeability

Stage

Special features

Stand-alone setup (no optical table needed)

Radius-/position measurement

Automated multiple sample measurement

Usage of CGHs of aspheress

Second moveable platform
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uShape Software

The uShape software is used for topography
measurement of flat, spherical, cylindrical, to-
ric and aspherical surfaces or wavefronts in
production, laboratory and research. Add-on
modules enable to adapt the software to cus-
tom specific demands. These modules can be
added at any time even after the initial pur-
chase.

The uShape software is pre-installed on a
state-of-the-art PC or laptop, included with
every TRIOPTICS' uPhase® interferometer
system. Ready-to-use configuration guaran-
tees fast start of work.

With its clear and well structured user inter-
face uShape perfectly deals with the variety
of measurement requirements and provides
several modules which expand the capabilities
of uShape.

Analysis _Transfer Mode Extra View Window Help

puShape works with all Windows® versions
and is designed for ease-of-use and modular
functionality. It controls and displays the mea-
surement results, stores and documents all
measurement raw data and ensures maximum
transparency and traceability.

Upgrade laboratory interferometer

The pShape Interferometer Software was
originally developed for the uPhase® compact
interferometers. In combination with the our
GenPack the pShape software works with
third party interferometers, too.

£ Surface deviation - Statistics

|82 || £ Task description

RMS

Tilt:

Power*: 76

PV: 0.299 lambda(632.8 nm)
PVr: 0.208 lambda(632.8 nm)
. 0.038 lambda(632.8 nm)

8545 nm

Hardware sefup
Workplace:
Sensor name: pPhase 3.3
Sensor type: Twyman-Green interferometer
Sensor manufacturer: TRIOPTICS Berlin
Sensor S/N: B33-141
Hardware interface: mPhase3Cam dil
‘Camera resolution: 1216 * 1216 pixels
Objective name: pPhase base module (5mm)
Obijective type: plano
Objective NA: undef.
Use calibration data: off
Analysis mask: on
Measurement mask: off
TimeMeas: ThuApr 04 12:28:51 2019
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Features of the pShape measuring and analysis software (selection)

Different user levels with different access rights

Shortcuts for most used program functions

Comprehensive context-sensitive direct help

Various program modes enable the separate visualization of calibration and measure-
ment processes and its parameter with an integrated live camera image

Automatic updates of displays and images after every change of analysis parameters or
new measurement, allows re-analyses of measurements without new measurement

m Easily pre-configured templates for a wide range of measuring tasks and analyses; tem-
plates contain all parameters and settings, including configuration of screen display

m Graphic windows can be stored in several graphic formats “
fxy)

m Export of individual parameters or of selected data fields as text, binary or other common
file formats (e.g. QED, Zygo XYZ, DigitalSurf) for external processing

m The measuring results are presented as parameters or graphically as a cross section, in
2D or 3D plots

B&2D 3D/ i@ o

m Configurable measurement reports show results at a glance
m Several analyses like Zernike, Seidel, ISO, Legendre, Slope

1

m Access control and configuration of add-on modules by dongle

m Analysis of aspherical, cylindrical or toric surfaces in spherical or CGH setups

m Externalinterface for controlling the interferometer by external programs, e.g. in automated
systems

m MTF analysis of focal or afocal optical components and systems

m Measuring multiple apertures in one shot, e.g. on polishing heads

m Statistical analysis of multiple sub-apertures at the same time (MultiStat) including tolerating
and pass/fail indication

m Prism and wedge measurement and analysis

m Consideration of known sample deviations e.g. deviations caused by the optical design (Sam-
ple Normal Data)

m Analysis of the tool offset of lathe machines

m Analysis of wafer plates

m Static fringe analysis for fast one shot measurements in instable environments




Interferometry

In interferometry coherent wavefronts
are superimposed. The result of this su-
perposition is a fringe pattern, the so-
called interferogram. In case of two beam
interference each fringe represents a
constant phase difference between both
waves. Thus the interferogram is a kind of

Interfering waves

I

Interference
phase

Intensity

A

Observed
Intensity

a contour map of the test sample.

The standard design of an interferometer
for surface shape testing consists of a col-
limated coherent light source which is di-
vided by a beam splitter into two beams.
The test beam is transformed by a beam
shaping optic into a wavefront of nearly
the same shape as the sample (commonly flat or spherical). Thus the rays of the test beam in-
tersect the sample under test perpendicularly, are reflected in themselves and embossing the
shape errors to the test wavefront. The modified test wavefront is recombined by the beam
splitter with the reference beam, reflected at the internal interferometer reference surface, and
imaged to the camera sensor. The space of both interferometer arms builds the test cavity. The
interferometer measures the optical path difference (OPD) of this cavity for each point inde-
pendently. Two setups are commonly used for surface and wavefront testing.

P

Interference principle

Twyman-Green setup

A Twyman-Green interferometer is a modified Mi-
Reference Surface

C——1

Sample

under Test

Splitter

—

chelson interferometer. This configuration offers
high flexibility, because both interferometer arms
can be modified independently of each other. So
the intensity of reference and test arm can be eas-
ily adjusted to each other in order to get maximum
fringe contrast. This is necessary when testing
samples with different reflectivity and increases
the range of applications enormously. Only a max-
imum fringe contrast enables a maximum resolu-
tion in depth.

Camera As reference surface a surface can be used that is
Twyman-Green principle inexpensive and accurately producible indepen-
dent from the sample size. The adaption to the
sample size is done by conventional beam shaping optics introduced to the test arm. Contrary
to the beam shaping optics for Fizeau interferometers (see next) these optics do not require an
expensive Fizeau surface as final surface.
Using a flat reference surface also guarantees equal phase shift over entire aperture.

As consequence of this flexibility the interference patterns which can be seen are not caused
by the sample errors only but also by the aberrations of the additional optics in both interfer-
ometer arms. However, nowadays samples are not anymore evaluated according to its fringe
pattern but by a determination of the phase map causing the fringe pattern. During this analysis
the aberrations of the additional optics can be easily considered. Finally the software provides
an objective digital measurement result.

10



Fizeau setup

Transmission
Flat

Beam
Splitter

—

Camera

Fizeau principle

Sample

under Test

Fizeau
Surface

Surface
under Test
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The most commonly used interferometer for
surface testing are Fizeau interferometers.
The last surface of the beam shaping optic is
the so-called Fizeau surface. It must have
the same shape as the sample to be tested
(commonly spherical or flat) and is placed
concentric into the optical path, so the indi-
vidual rays intersect perpendicular to the
Fizeau surface. The major part of the light
passes the Fizeau surface and is reflected at
the test surface. The returning light inter-
feres with the part of the light reflected at
the Fizeau surface. So the Fizeau surface

acts as beam splitter as well as reference surface. The reference arm length is identical zero, so
the cavity is build up by the gap between the Fizeau and the test surface only and contains no
further optical elements. That is the reason why a Fizeau interferogram commonly directly
shows the deviations of the test sample from the reference surface, i.e. Fizeau surface and al-
lows skilled people analysis of the fringe pattern to judge the sample. The quality of the Fizeau
surface determines the accuracy of the Fizeau interferometer. Fizeau surfaces are commonly
available with a quality of A/10 - A/20 PV on special request also better.
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TRIOPTICS worldwide

Headquarters Subsidaries Partners
= TRIOPTICS Wedel - Germany = TRIOPTICS Berlin = Armstrong Optical - UK
= TRIOPTICS China ® HP Instruments - India
® JSC Uran - Russia
= TRIOPTICS France ® Optomek - Turkey
= TRIOPTICS Hongkong ® Prolog Optics Ltd - Israel
= TRIOPTICS Japan ®m TECOTEC - Vietnam

= TRIOPTICS Korea

= TRIOPTICS Singapore
= TRIOPTICS Taiwan

= TRIOPTICS USA

= TRIOPTICS Wetzlar

TRIOPTICS Berlin GmbH e Interferometer Business
SchwarzschildstraBe 12 ¢ 12489 Berlin / Germany
Phone: +49-30-6392 3456
Fax: +49-30-6392 3452
E-mail: support@trioptics-berlin.com
www.trioptics.berlin

2021 TRIOPTICS Berlin GmbH e All rights reserved

A member of the JENOPTIK Group
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