Ultra-precise distance measurement based on
MWLI® technology

Your optical sensor solution for measuring
distances with nanometre accuracy

Content

LuphoSmart sensor systems open up new
dimensions in ultra-precise distance measurement
and optical metrology. The MWLI® technology
(multi wavelength interferometry) enables noncontact measurement of the distance towards
an object surface at nanometre accuracy. Typical
applications include position control, planarity,
roundness and concentricity measurements,
adjustment of assembly groups, and profile scans.
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Benefits

LuphoSmart sensor systems introduce unique features to the
field of non-contact high precision distance measurement
• Extremely high accuracy and precision
± 2 nm (2σ) on polished surfaces

• Large measurement range and working distance
Up to several cm, while still providing maximum accuracy and precision

• Extremely low noise
Less than ± 0.05 nm

• Long term stability
Drift less than ± 1.5 nm over 72 hours

• Absolute measurement
Tolerates signal interruption and measures step heights up to 1.25 mm

• Almost every material
Polished, rough, specular, transparent, opaque

• Small probe dimensions and long supply lines
Straightforward implementation in existing machines

• Multi probe systems
Operate up to 8 probes simultaneously, for example to enable compensation of stage errors
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Software

LuphoSmart technology
The LuphoSmart optical system is a fibre coupled
multi-wavelength interferometer (MWLI®). In contrast
to simple interferometers, several discrete wavelengths
are used simultaneously. This can be seen as several
independent, highly coherent interferometers sharing the
same optical path. By computing beat frequencies of the
employed wavelengths the absolute measurement range
is drastically increased.

Absolute measurement
It is an outstanding feature of the MWLI® principle
that it provides absolute distance measurement over a
large range of up to 1.25 mm. This characteristic allows
determination of the height of vertical surface steps
as well as continuation of measurements after signal
interruption – e.g. due to dust particles or holes in the
surface.

MWLI measurement without surface tracking.

Measuring rough surfaces
The MWLI technique also allows for measurements
on rough surfaces, such as ground lenses. Simple
interferometric techniques that use highly coherent light
sources fail at this task because the reflected light is
disturbed by coherent noise (laser speckles). The MWLI
approach enables the possibility to use the artificial
beating wavelengths between all wavelengths involved
to determine correct distance values.
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Absolute measurement by means of utilising a beat frequency

Applications

LuphoSmart devices
LuphoSmart systems can be utilised as standalone devices
or as OEM solutions. Besides a single probe system, several
multi-probe systems are available that allow the operation
of up to 8 probes at the same time. By measuring several
distances truly simultaneously these systems can be used
for measuring reference objects from different directions
(see picture) or for effective compensation of stage errors.
In many cases the latter is indispensable when aiming for
scans at nanometre accuracy. All probes connected to a
LuphoSmart system can be synchronized with an external
machine by means of standard trigger signals.

Control software
By default the systems come with standalone software
that enables full control of all parameters, such as adjusting
trigger thresholds, internal data rates, or data storage
options. In addition, a special software interface (DLL) is
available for integrating and controlling LuphoSmart devices
in one’s own application – e.g. a C/C++, LabView or
MATLAB program.

Main window of the LuphoSmart software

LuphoSmart probes
All LuphoSmart probes come in the same small INVAR
body whose standard dimensions are 18 mm (diameter) ×
37 mm (length). The probes are connected to LuphoSmart
controllers via a 1.5 m supply line, which can be extended
up to 20 m. Due to the entirely fibre optical setup and the
small probe dimensions it is straightforward to integrate
probes into existing production machines or measurement
systems. The technical data of some LuphoSmart probes
(that cover measurement ranges and working distances
from 2.6 mm up to 30 cm) are summarized in the
specifications section. Apart from standard probes, it is
also possible to supply customised probes to suit specific
applications. These probes can vary in terms of working
distance, measuring range, numerical aperture, enclosure
dimensions, etc. For instance, adapters are available that
allow for measurements of inner cylinder surfaces. All
probes can always be operated with any LuphoSmart
system.

LuphoSmart 4λ-5 system that enables
simultaneous operation of up to 5 probes

Positioning accuracy of the tool holder in
a diamond turning machine

Error characterisation of a high precision rotary stage
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Specifications

Technical data
Optical measurement system
Measurement principle

Fibre-based multi-wavelength interferometry (MWLI®)

Wavelength range

1530 nm ... 1610 nm

Laser safety class

1

Object reflectivity range

0.1 % ... 100 %

Surface finish

polished, rough, transparent, specular, opaque
–

polished

Ra < 1 µm

1 µm ≤ Ra ≤ 3 µm

α = 0°

± 2 nm

± 200 nm

± 1 µm

α = 3°

± 3 nm

± 200 nm

± 1 µm

α = 8°

–

± 300 nm

± 1.5 µm

α = 25°

–

± 2 µm

± 3 µm

Accuracy (2σ)
(α=angle of
incidence)

Longitudinal resolution

0.05 nm

Absolute measurement interval

1.25 mm

Max. speed of distance change

450 µm/s

Controller
Models
Dimensions (h x w x d)
Weight

LuphoSmart 4λ−4,  4λ−5, 4λ-8

154 mm × 258 mm × 283 mm

154 mm × 474 mm × 343 mm

approx. 6 kg

approx 9 to 10 kg

Electrical power requirement1

230 V~ 50/60 Hz, < 100 W

Type

USB 2.0 device (Windows)

Maximal data rate (per probe)
Standard data format

2500 Hz
ASCII, binary

Data resolution

< 0.01 nm

Data recording

triggered / non-triggered

Input trigger rate

0..25 kHz (0..10V)

Auxiliary inputs

3 (0..10V)

System integration
Live data display
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LuphoSmart 4λ−1,  4λ−2

SDK
2D profile plot, numeric values

Specifications

Probes
Models (examples)2
Measurement
range3

P030−30−R15

P050−30−R15

P100−30−R15

P500−30−R15

Tracking

2.6 ... 3.0 mm

5 ... 10 mm

10 ... 60 mm

50 ... 300 mm

Absolute
measurements

2.6 ... 3.0 mm

5 ... 8 mm

10 ... 25 mm

50 ... 100 mm

4 µm

20 µm

60 µm

> 100 µm

Rough

± 60°

± 60°

± 60°

± 45°

Polished, specular

± 7°

± 3°

± 1,5°

± 0.5°

Lateral resolution (spotsize)
Angle of acceptance
(to surface)

Probe dimensions (length x diameter)
Length of supply line
Weight of probe

37 mm x 18 mm
up to 20 m
45 g

1 Devices intended for use at 115 V~ come with an external power transformer (85 mm × 130 mm × 70 mm, ca. 1kg).
2 Further probes are available on request.
3 The measurement ranges are valid for polished specular surfaces.
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Serving a global market
Taylor Hobson is world renowned as a manufacturer
of precision measuring instruments used for inspection
in research and production facilities. Our equipment
performs at nanometric levels of resolution and accuracy.
To complement our precision manufacturing capability we
also offer a host of metrology support services to provide
our customers with complete solutions to their measuring
needs and total confidence in their results.

Contracted Services from Taylor Hobson
• Inspection services
measurement of your production parts by 		
skilled technicians using industry leading 		
instruments in accord with ISO standards

Taylor Hobson UK
(Global Headquarters)
PO Box 36, 2 New Star Road
Leicester, LE4 9JQ, England
Tel: +44 116 276 3771 Fax: +44 116 246 0579
email: taylor-hobson.uk@ametek.com

Taylor Hobson France

Rond Point de l’Epine Champs
Batiment D, 78990 Elancourt, France
Tel: +33 130 68 89 30 Fax: +33 130 68 89 39
taylor-hobson.france@ametek.com

Taylor Hobson Germany

Postfach 4827, Kreuzberger Ring 6
65205 Wiesbaden, Germany
Tel: +49 611 973040 Fax: +49 611 97304600
taylor-hobson.germany@ametek.com

Taylor Hobson India

• Metrology training
practical, hands-on training courses for 		
roundness and surface finish conducted 		
by experienced metrologists

1st Floor, Prestige Featherlite Tech Park
148, EPIP II Phase, Whitefield, Bangalore – 560 006
Tel: +91 1860 2662 468 Fax: +91 80 6782 3232
taylor-hobson.india@ametek.com

• Operator training
on-site instruction will lead to greater 		
proficiency and higher productivity

Taylor Hobson Italy

• UKAS Calibration and Testing
certification for artifacts or instruments 		
in our laboratory or at customer’s site
For the above services, contact our Center of Excellence:
email: taylor-hobson.cofe@ametek.com
or call: +44 116 276 3779
• Design engineering
special purpose, dedicated metrology
systems for demanding applications
• Precision manufacturing
contract machining services for high 		
precision applications and industries
• Preventative maintenance
protect your metrology investment 		
with a Talycare service cover plan
For the above services, contact our Sales Department:
email: taylor-hobson.sales@ametek.com
or call: +44 116 246 2034

Via De Barzi
20087 Robecco sul Naviglio, Milan, Italy
Tel: +39 02 946 93401 Fax: +39 02 946 93450
taylor-hobson.italy@ametek.com

Taylor Hobson Japan

3F Shiba NBF Tower, 1-1-30, Shiba Daimon Minato-ku
Tokyo 105-0012, Japan
Tel: +81 (0) 3 6809-2406 Fax: +81 (0) 3 6809-2410
taylor-hobson.japan@ametek.com

Taylor Hobson Korea

#310, Gyeonggi R&DB Center, 906-5, lui-dong
Yeongtong-gu, Suwon, Gyeonggi, 443-766, Korea
Tel: +82 31 888 5255 Fax: +82 31 888 5256
taylor-hobson.korea@ametek.com

Taylor Hobson China

Beijing Office

Western Section, 2nd Floor, Jing Dong Fang Building (B10)
No.10, Jiu Xian Qiao Road, Chaoyang District, Beijing, 100015, China
Tel: +86 10 8526 2111 Fax: +86 10 8526 2141
taylor-hobson.beijing@ametek.com

Taylor Hobson China

Shanghai Office

Part A, 1st Floor, No. 460 North Fute Road
Waigaoqiao Free Trade Zone, Shanghai, 200131, China
Tel: +86 21 5868 5111-110 Fax: +86 21 5866 0969-110
taylor-hobson.shanghai@ametek.com

Taylor Hobson Singapore

AMETEK Singapore, 10 Ang Mo Kio Street 65
No. 05-12 Techpoint, Singapore 569059
Tel: +65 6484 2388 Ext 120 Fax: +65 6484 2388 Ext 120
taylor-hobson.singapore@ametek.com

Taylor Hobson USA
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1725 Western Drive
West Chicago, Illinois 60185, USA
Tel: +1 630 621 3099 Fax: +1 630 231 1739
taylor-hobson.usa@ametek.com

www.taylor-hobson.com
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