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Overview

1. What are EMPIR projects

2. Motivation for the project

3. Objectives and partners
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What is EMPIR?
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European Metrology Programme for Innovation and Research (EMPIR)
• coordinates research projects to address grand challenges, while supporting

and developing the SI system of measurement units
• innovation activities to target the needs of industry and accelerate the

uptake of research outputs
• enables European metrology institutes, industrial and medical organisations, 

and academia to collaborate on a wide variety of joint research projects
within specified fields: industry, energy, environment, health, SI 
Fundamental, Normative, Research Potential, and Support for Networks and 
Support for Impact projects

• annual EMPIR research calls between 2014 and 2020 are supported by 600 
M€ of European Union funding

• running call 2019: on Energy, Environment, Support for Networks, 
Normative, Research Potential, Support for Impact, Research Mobility Grant

• last call in 2020 on Industry topics
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Motivation: Development of fast piezoresistive Silicon 
microprobes (µP)

Three different types are available

1 2 3

Length / mm 5 3 1,5

Width / µm 200 100 30

Thickness / µm 50 25 25

Max. deflection / µm 220 160 40

Stiffness N/m 8,5 2,8 9,1

Sensitivity µV/ nm 0,24 0,19 0,31

Developed in cooperation with

• the institute for Semiconductor 

Technology (IHT) of Braunschweig TU 

(Prof. Erwin Peiner) 

• and the Forschungsinstitut für Mikro-

sensorik GmbH (CIS), Erfurt (Dr. T. Frank)
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Idea: 
low mass micro-probes→
low inertia→
low dynamic forces
→ high-speed measurements

Brand, U.; Xu, M.; Doering, L.; Langfahl-Klabes, J.; Behle, 
H.; Bütefisch, S.; Ahbe, T.; Peiner, E.; Völlmeke, S.; Frank, 
T.; et al. Long Slender Piezo-Resistive Silicon Microprobes 
for Fast Measurements of Roughness and Mechanical 
Properties inside Micro-Holes with Diameters below 100 
µm. Sensors 2019, 19, 1410.
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Maximum traverse speed: 15 mm/s
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instrument

Si Microprobe

Doering, L.; Brand, U.; Bütefisch, S.; Ahbe, T.; 
Weimann, T.; Peiner, E.; Frank, T. High-speed
microprobe for roughness measurements in high-
aspect-ratio microstructures. Meas. Sci. Technol. 
2017, 28, 034009
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Challenges
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• Vibrations on machines→ insert damping

• cooling lubricants on machines→ sealing of µP

• abrasive wear particles→ surface cleaning with compressed air

• large temperature variations→ T-sensor on µP

• wear of tip→ diamond coating / full diamond tips

• ultra-fine roughness measurements Rz < 0.1 µm → damping

• process times between 5 s and 10 s → high speed measurement

• micro-form meas. with U = 50 nm→ diamond tips + cal. standards
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EMPIR 17IND05 Multifunctional ultrafast microprobes for on-
the-machine measurements (MicroProbes)

L = 5/3/
1.5mm 

Duration: 3 years until 30th

May 2021

Idea
Bring piezo-resisitve microprobes onto
manufacturing machines for
• fast micro-finish measurements

(flatness, waviness, roughness, micro-
form) and

• fast mechanical measurements
(elasticity (E),  layer thickness, adhesion, 
wear) using contact resonance (CR) and 
force-distance curves (FDC)

and
Develop new industry-compatible micro-
probes with
• wear resistant diamond tips (r ≤ 2 µm)
• higher z-ranges up to ± 200 µm and
• a damping of d ≈ 0.5

Need
Fast multifunctional measurements on 
manufacturing machines
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Objectives
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1) PTB: develop prototype microprobes for the fast measurement of topography and 
mechanical properties including tip characterization (U = 50 nm), morphological filtering, 
setting probing forces (→ Heinz Behle)

2) TU BS: develop new large deflection, high-speed, low tip-wear micro-probes with pre-
deflection, damping, integrated actuator (→Michael Fahrbach)

3) BAM: develop validated methods for the measurement of enhanced surface properties on-
the-machine including adhesion, thickness of liquid films, detection of contaminants, 
measure elastic-modulus using contact resonance and force-distance curves (→ Sebastian 
Backes)

4) develop validated methods for the integration of these µP into manufacturing machines:
• micro-finishing machines (→ Sebastian Goeke/Thielenhaus Technologies)
• roll grinding machines (→ Tuomas Lindstedt/Roll Research International)
• wear testers (→ Timothy Kamps/NPL)
• miniaturized MicroProfiler with an integrated feed unit (→Michael Drexel/Breitmeier)

5) Up-take of technology, measurement infrastructure (calibration standards, methods for
traceable micro-probe measurements on-the-machine) by the measurement supply chain
(manufacturers of machines, standards developing organisations and end users).


