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Optical Quality Control for Industry: 
Applicable in Laboratory 
up to Inline-Inspection

Dr. Josef Frohn
NanoFocus AG
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NanoFocus AG
HQ
Oberhausen 
Germany

NanoFocus 
Sales
Ettlingen
Germany

NanoFocus Inc.
Glen Allen, VA USA

NanoFocus AG

founded in 1994 

optical surface inspection:
development & production of 
3D laser profilometer µscan® & 
3D confocal microscope µsurf®

main markets:  
automotive, micro technology, 
medical, forensic, electronics, 
printig

> 500 installed systems
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Standard products

(µsurf explorer, µsurf 
mobile, µscan explorer)

Customized systems

(µsurf custom, µscan
custom, µsprint custom)

Business solution

(µsurf solar, µsurf 
cylinder, µsurf blade etc.)

Integration

(µsurf OEM, µscan OEM, 
µsprint OEM)

Product Range
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stylus profilometer

diamond tip on sheet metal (Dr. Hillmann, PTB)

according to DIN/ISO standards, 
but

• touching, sometimes destructive

• 3D measuring awkward to do

• fragile setup

• slow

• wear of probe (costs!)

Conventional Surface 
Measurement

(C) Jörg Seewig, Arnim Weidner



5NanoFocus AG - JF – 20 Apr 2010

µsurf®
3D-Microscopy

µscan®
2D-Profilometry

• 2D-Shape
• Roughness

• 3D-Structure
• Wear
• Tribology

µsprint®
3D-Profilometry

• 3D-Shape
• Defects
• Production Control

NEW

Product Categories
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FlatnessRoughness

Geometry

Range of Application

depth

lateral dimension

1 mm

100 µm

1 nm

10 µm

1 µm

100 nm

10 nm

1 m10 mm1 µm 100 mm1 mm10 µm 100 µm

Confocal Microscopy

e.g. µsurf

Optical Profiler

e.g. µscan
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Light
Source

Object

Detector

Detector

Intensity

Position

Pinhole� Confocal Principle

Confocal Technology
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Scanning Profilometer µscan with
offset camera

Confocal Point Sensor

Scanning by means of multi profile measurements with point sensors:
autofocus, chromatic whitelight, confocal point, holographic

Technology µscan CF
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Laser 
Light Source
(λ = 830nm)
with 128 Channels

Object

Detector with
128 Pinholes

Height z

Detector
Intensity

z

z

Lateral motion

1µm

Technology µsprint 
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µsprint Scanning Principle
(drawing not true to scale)

� 128 parallel channels
� scanning speed 54mm/s
� spot diameter 1µm

µsprint Technology
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OM Engineering GmbH

Warpage

Co-planarity

2D Profile
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BGA Packaging
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Wafer Carrier
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Tooth Crown

evalution of wear

13
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Confocal Principle

in 
focus

out of 
focus
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3D View

height levels/µm

Sample: Sheet Metal

α

∆ z

∆ z

Confocal Imaging Sequence
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Topo – reflection - color

height - CFM

800S

reflection - CFM reflection - brightfield
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Topocrome

160S / ΔZ=13µm

Reflection

Result: Steel Production Roll
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Dental Implants

Artificial hip joints

optimzed surface structure 
for cellular growth

Application: Medical Engineering

320 x 320 µm²3D
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Roughness Gradient Distribution 

Application: Implants
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Functional surfaces

� evaluation of texturing direction

ISO 25178
Raum-Parameter

Str 0.0394 Textur-Aussehensverhältnis der Oberfläche

Std 22.5 ° Textur-Richtung der Oberfläche

� spatial parameter Str describes the
isotropy of the surface
� Str close to 1: isotrope
� Str close to 0: non isotrope

� spatial parameter Std describes preferred
direction in case of non isotropic surfaces

20

0°

10°

20°

30°

40°

50°

60°

70°
80°90°100°

110°

120°

130°

140°

150°

160°

170°

180°

Isotropie: 3.94 %

Erste Richtung: 22.5°

Zweite Richtung: 17.1°
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EDT: µsurf mobile 1 x 16

µsurf mobile on a roll, 800S, 1x16 stitching: 1mm x  13mm x 25µm

0.0 2000.0 4000.0 6000.0 8000.0 10000.0
[µm]

4.00 µm

-24.00

-16.00

-8.00

0.00

8.00

16.00

[µm]

Nanofocus AG

Roughness
Wavyness

ra=3.75µm
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N a n o f o c u s  A G

P ro fi l

l0 h 0

w 0

l3 h 3

w 3

[0 ] [1 ] [2 ]

Profile values
Radius (0) = 12,94 µm  
Radius (1) = 12,91 µm  

Radius (2) = 13,30 µm

Form  0
Width w0 = 8,57 µm

Height h0 = 2,53 µm
Length l0 = 8,94 µm
Angle    = 16,44°

Form  3
Width w3 = 8,86 µm

Height h3 = 2,53 µm
Length l3 = 9,21 µm
Angle    = 15,94°

Microlens Array
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Measuring task: concentrator cells

2320.04.2010

Geometry of Fresnel lens
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Laser Machining

glass cutting wheel

glass
reflected light image

glass - 3D view

explorer 
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Forensic Microscopy

bulet casing - firing pin impression

bolt cutter

FBI
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Micro Systems
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sheet#2

sample#2-260S

Substrate surface Coating surface
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Thickness sheet#2

0.0 2.5 5.0 7.5 10.0 12.5

30.00 µm

-30.00

30.00
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Nanofocus AG

Profile

l1 h1

w1

Width w1 = 4,5 µm

optical thickness

Confocal cross section

sample#2-260S
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Nanofocus AG

Profile

l0 h0

w0

Thickness sheet#4

Width w1 = 1,1 µm

optical thickness

Confocal cross section

sample#4-160S
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Source:

Stylus 
Reference

WLI

NanoFocus
µSurf

Laser Scanning
Conf. Micr.

µsurf vs. WLI and CLS



31NanoFocus AG - JF – 20 Apr 2010

Roughness Standard

specimen: roughness standard, rotated
lens: 800XS (20x, NA0.6)
area: 2.68 x 2.68 mm²
mode: 3 x 3 stitching, 1370 x 1370 data points
z-stack: 120 frames (2.1s/image)
total acquisition time < 1min

0.0 478.0 956.0 1434.0 1912.0 2390.0
[µm]

0.60 µm

-3.60

-2.40

-1.20

0.00

1.20

2.40

[µm]

NanoFocus AG

Roughness
Wavyness

Roughness parameters
Filter         = DIN EN ISO 11562
LC (CutOff)    = 0,800 mm
Lr = 0,800 mm
NeedleFilter = 0,000 mm
No of Lr N     = 3
Not conform with DIN EN ISO 4287
Conform with DIN EN ISO 4288
Ra    = 0,680 µm
Rz = 3,498 µm
Rt = 3,822 µm
Rq = 0,857 µm
Rmax = 3,800 µm
Rms S. = 00,053
Wt = = 1,159 µm
SEP 1940II(prEN 10049 C=0,5µm)
Rpc = 33,369 1/cm
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Evaluation according to 
ISO 25178

Surface structure consists of amplitudes of different wavelength:

waviness
roughness

surface raw data

32
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Report Tool: µsoft analysis

Bearing ratio analysis

Advanced profile analysis

ISO parameters (2D and 3D), functional parameters
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Confocal System µSurf 100x optics

Ra = 0.005 µm
Rz = 0.038 µm

Wafer Backside Grinding
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Confocal System µSurf
800XS optics, 10x10

Ra = 1,33 µm
Rz = 5,8 µm

6.8mm
1
.4

m
m
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Wear Test

lens: 3200S (5x)
area: 10 x 50 mm²
18x4 stitching

preview video
camera

3rd European Fuchs Symposium
18./19.Jun.2007

mobile
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Auswertung mit NF-ActiveX-Modul (Kantenverschleiss)

(Mittelung über mittleren Bildbereich (geringer verschmutzter Bereich)

Evaluation: tool wear
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Blade Inspection

• recording of both sides without moving the sample
• auto calibration enables absolute thickness measurement
• geometry, symmetry, roughness
• non contact
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Printing Cylinders 

Laser (800S, Zoom)

Stylus (320S)
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Gravure - Examples

Anilox

Electromechanical Gravure Extreme Gravure

Etched Cells
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Gravure on Printing Roll

Laser Gravure 320S

1. Measurement

2. Segmentation

3. Report Sheet
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• robust design

• high precision

• high resolution

• large flank angles

• high dynamic range

• fast area measurement

• non-contact

• symmetric, optimized light path

• simple operation

• flexible software package

• x, y, z motorized

+ LED light source

+ compact MPD

+ internal conroller w. USB interface

- limited in sample size and automation

µsurf explorer
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µsurf Workplace with MP 500

large gantry with
• 300mm x 300mm stages
• vacuum chuck
• active virbration isolation
• offset camera
• SC1000 controller
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NanoFocus Customers 
(Automotive)
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NanoFocus Customers 
(Electronics, Hybrid)


