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Thickness measurement is an important step in production monitoring, quality assurance and machine control. Thickness 

measurements can be carried out with contact and non-contact sensors, whereby non-contact measuring methods offer 

advantages in terms of accuracy and measuring speed. This article thus describes the use of non-contact measurement 

techniques.  

When selecting sensors to measure thickness, the first step is to choose a method and the measurement technology. The 

material, surface and thickness of the target play a crucial role in deciding which option is best for your application. 

 

Measurement Methods 

One-sided Measurement 

One-sided thickness measurements are to be carried out exclusively with non-contact sensors. In this 

case, only one sensor is used to measure the complete target thickness and either only part of the 

target thickness (e.g. glass thickness). 

 

 

Two-sided Measurement  

Two-sided thickness measurements are performed with at least one sensor pair mounted in one axis 

to each other. This sensor pair measures synchronously onto the target. The difference between the 

individual measurement results gives the target thickness.  

 

 

Profile Thickness Measurement 

2D/3D laser profile measurement is used for a wide variety of applications, i.e. the completeness of 

weld seams, the optimum dosage of adhesives or the correct gap dimension. For the inspection of 

adhesive beads and applied sealants laser profile scanners check the presence and size of adhesive 

beads. 

 

 

ThruBeam Measurement 

With the ThruBeam principle, the transmitter of a laser micrometer produces a parallel light curtain 

that is transmitted via a lens arrangement into the receiving unit. The beam is interrupted if there is 

an object in the light path. The shadowing generated by this object is recorded by the receiving 

optical system and output as a geometric value. Factors such as the diameter, gap, height, position 

can be measured. 
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Measurement Technologies 

Laser triangulation sensors project a red or blue laser beam onto the surface. The light reflected from the spot is 

imaged by an optical receiving system onto a position-sensitive element in the sensor. If the sensor or the measurement object 

are moved towards the laser beam, the laser sensor determines the correlating distance change. The sensor controller 

conditions the distance signal and outputs the measured values via interfaces.  

As laser triangulation sensors are nearly material-independent, a large range of different material types can be measured. As 

laser triangulation sensors are not affected by electric or magnetic surface properties, nearly every material can be measured 

e.g. food, metal, plastics, wood, silicon, cell cultures, rubber, liquids and many 

more.  

 

Measurement methods:  

 One-sided measurement 

 Two-sided measurement 

 

■ Diffuse reflecting surfaces 

Triangulation sensors with red laser are designed for diffusely reflecting target surfaces such as ceramics, plastics or matt metals. 

The red laser has a high light intensity and is therefore also suitable for poorly reflecting objects, as the amount of light projected 

onto the sensor element is sufficient. These sensors measure from a large distance to the target with a very small light spot. The 

large measurement distance enables non-contact measurements against critical surfaces and allows measurements to be taken 

in places that are difficult to access.  

■ Metallic and textured surfaces 

Distance measurement on shiny metals or structured surfaces poses challenges for conventional laser 

triangulation sensors. Since the homogeneous reflection of the laser light is prevented by uneven surface 

structures, laser point sensors with their small light spot usually reach their limits, resulting in unstable or 

noisy measurement signals. Specially developed for distance measurements on these surfaces are the 

optoNCDT LL laser line sensors. These have a special cylindrical lens that expands the laser spot into a 

laser line. The human eye perceives this short laser line as an oval light spot. Optical averaging of the oval 

light spot and special evaluation algorithms compensate for surface irregularities, as well as disturbances 

caused by structures, depressions or other surface defects. This enables precise measurements on these surfaces. 

■ Red-hot metals, organic and transparent objects 

With certain materials the red laser reaches its limits. If the distance measurement is made on (semi-)transparent materials such 

as plastics, red-hot glowing metals or organic materials such as wood, the red laser penetrates the surface. The result is a blurred 

light spot, which in turn is out-of-focus on the sensor 

element. Blue Laser Technology uses a different 

wavelength range and therefore does not penetrate the 

above materials. As a result, the light spot is sharply 

formed on the measuring object and is sharply focused on 

the sensor element. This results in much more stable and 

reproducible measurement signals.  

 

 

https://www.micro-epsilon.com/displacement-position-sensors/laser-sensor/
https://www.micro-epsilon.com/displacement-position-sensors/laser-sensor/LL-Laser-sensors/
https://www.micro-epsilon.com/displacement-position-sensors/laser-sensor/BL-Laser-sensors/optoNCDT_2300-2DR/
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Confocal chromatic measurement 

With confocal chromatic measurements, polychromatic white light is focused onto the target surface by an optical system with 

multiple lenses. The lenses are arranged so that the white light is dispersed into monochromatic wavelengths by controlled 

chromatic aberration. To each wavelength, a specific distance is assigned by factory calibration. Only the wavelength which is 

exactly focused on the target is used for the measurement. An optical arrangement images the light reflected onto a light 

sensitive sensor element, on which the corresponding spectral color is detected and evaluated. In the case of multi-peak 

measurements, several distance points are evaluated accordingly.  

 

Measurement methods:  

 One-sided thickness measurement of transparent materials 

 Two-sided measurement  

 Multi-layer measurement (e.g. coatings, solar cells, photo masks, smartphone screens) 

 

■ Measurement on all types of surfaces 

In a wide range of applications, from semiconductor manufacturing to medical technology, they provide reliable, non-contact 

optical measurements with submicron resolution, regardless of the material. The finest details and structures can be detected 

reliably with confocal sensors. With a 90° version, geometrical features can be measured inside holes and recesses. 

 

   

 

 

 

 

 

Special features of confocalDT sensors 

 Ultra-high precision measurements with submicron resolution 

 Worldwide fastest measurement up to 70 kHz 

 Measurements on practically all types of surfaces, also valid for mirrored and glass surfaces 

 Passive measurement, ideal for vacuum 

 

 

 

 

 

 

https://www.micro-epsilon.com/displacement-position-sensors/confocal-sensor/
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Capacitive sensor technology 

The principle of capacitive displacement measurement using the capaNCDT (capacitive Non-

Contact Displacement Transducer) system is based on how an ideal plate-type capacitor 

operates. The two plate electrodes are represented by the sensor and the opposing 

measurement object. If a constant alternating current flows through the sensor capacitor, the 

amplitude of the alternating voltage on the sensor is proportional to the distance between the 

capacitor electrodes. The alternating current is demodulated and output as, for example, an 

analog signal. 

Capacitive sensors arranged opposite each other can be used for highly accurate two-sided 

thickness measurement of electrically conductive materials. The intelligent controller processes 

and calculates the sensor signals so that the thickness measurement values can be output 

directly. This method can be used to measure the thickness of very thin targets such as silicon wafers with high accuracy and 

stability. In production control, for example, capacitive sensors measure film thickness and application of the adhesive. The 

measuring spot of the sensors is larger than that of the optical methods, which averages out any structures and anomalies on the 

surface. 

 

Measurement methods:  

 One-sided thickness measurement of electrically non-conductive materials on metallic objects 

 Two-sided measurement  

 

Benefits of the measuring principle  

 Thickness measurements on conductive and non-conductive objects  

 Unmatched sub-micrometer accuracy and stability  

 High bandwidth for fast measurements up to 20 kHz 

 Ideal for magnetic fields and vacuum 
 

 

 

Combining the advantages of technologies 

The combiSENSOR combines an eddy current sensor and a capacitive sensor in one housing. This unique sensor concept enables 

one-sided thickness measurement of electrically non-conductive materials on metallic objects. Its field of application is the 

thickness measurement of plastic film or of plastic coating on metal plates.The eddy current sensor penetrates the plastic layer 

and measures the distance to a metallic material underneath it, e.g. a metal plate. The capacitive sensor synchronously detects 

the distance to the plastic material. The thickness is determined based on the difference of both sensor signals. 

Fields of application 

 Non-contact thickness measurement of plastic films 

 Non-contact thickness measurement of coated metals 

 Measurement of the applied adhesive 

 Lateral profile due to a traversing axis 

 

 

https://www.micro-epsilon.com/displacement-position-sensors/capacitive-sensor/combiSENSOR/
https://www.micro-epsilon.com/displacement-position-sensors/capacitive-sensor/combiSENSOR/
https://www.micro-epsilon.com/displacement-position-sensors/capacitive-sensor/combiSENSOR/
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2D 3D Laser Scanners 

Laser scanners solve various measuring tasks in industry and automation: Profile, width, height, depth, edge, bead, gap, angle, 

roundness and many more.  

 

 

The laser profile scanners of the scanCONTROL series 

have a powerful controller integrated in the compact 

housing. This calculates the two-dimensional profile of 

the surface from the intensity values on the CMOS 

sensor matrix. With the SMART models, profile 

evaluation is possible directly in the sensor. This means 

that simple or complex measurement tasks can be 

implemented directly in the scanner and output as a 

measured value. Parameterization is carried out via the 

Configuration Tools PC software, for example for steps, 

angles or grooves. The parameter sets are stored 

directly in the sensor. It is also possible to output an 

IO/NIO signal. This saves the user having to use an 

external control or evaluation unit.  

For example, the height of a step on a surface can be 

measured. The height can then be output in analog or digital form via one of the interfaces. In addition or alternatively, the 

controller can output the signal "all right" if the value is within a predefined range, otherwise the signal "not all right". From a 

total of 26 measuring programs, an individual parameter set with up to eight programs can be used simultaneously on the 

scanner. Up to 15 of these parameter sets can be stored on the scanner at the same time and switched through via the digital 

inputs if required. 

Features 

 Profile or measured value transmission 

 3D information and images for image processing 

 Inline measurement of various parameters, such as gap, step, radius 

 Also for robotics & multi-sensor applications 

 

 

https://www.micro-epsilon.com/2D_3D/laser-scanner/scanCONTROL-3000/
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ThruBeam laser micrometers 

Optical micrometers are primarily used as part of the manufacturing process and quality control of a production line, measuring 

continuous material, as well as single parts. The compact models in the optoCONTROL product family work for production line 

applications and for integration into machine tools and other production machinery. High measuring rates ensure a high, 

continuous production rate. 

 

Features 

 High accuracy and measuring rate  

 Resolution from 0.1 μm  

 Measurement objects from 0.02 mm  

 Wear-free measurement for long service life  

 Different models for numerous application areas 

 

 

About Micro-Epsilon 

Micro-Epsilon develops and manufactures high-precision sensors and systems for measuring displacement, distance, thickness, 

position, surface (2D/3D), color and temperature. We invest significantly in the development of innovative and reliable products 

and offer a comprehensive range of sensors, systems and turnkey inspection equipment with maximum precision for our 

customers in a wide range of industries. Micro-Epsilon's sensors help to save resources, optimize and automate production 

processes and ensure high quality in manufacturing. Continuous development efforts, extensive know-how and a wide 

cooperation network enable the creation of innovative, high precision products.  

 

Contact MICRO-EPSILON 

  

 

 

info@micro-epsilon.com 
www.micro-epsilon.com 

https://www.micro-epsilon.com/2D_3D/optical-micrometer/micrometer/
https://www.micro-epsilon.com/contact/contact-form/

