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Introduction to the 

Physikalisch-Technische  

Bundesanstalt

é the National Metrology Institute of Germany
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Hermann von Helmholtz

éfounded by joint initiative of 

a physicist & an industrialist:

Helmholtz and Siemens

Metrology for the sake 

of economy & society

PTB Braunschweig

PTB Berlin-

Charlottenburg
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PTB Braunschweig

PTB Berlin-

Charlottenburg

Å is one of the worldwide leading 

National Metrology Institutes (NMIs)

Å belongs to the 

Federal Ministry of Economics (BMWi)

Å main site in Braunschweig:

area of about 1 km² with 8 divisions 

Å Smaller site in Berlin: 2 divisions

Å Annual budget of about 140 Mú

Å About 1300 (1700) employees in 10 divisions

Å Main tasks:

- fundamental research on metrology

- measurement technology R&D with industry

- measurement & calibration services

Å German Calibration Service (DKD):

Accreditation body at PTB

é ensures traceability to PTB

é multiplicator for industrial calibration

and quality assurance

é rapidly growing number of calibrations
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Physikalisch-Technische Bundesanstalt
The German National Metrology Institute - Braunschweig and Berlin
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conventional optical microscopy

diffraction limit:

Structures smaller than ~half the light wavelength ¢l/2 

cannot be resolved

Scanning Probe Microscopy (SPM)

Short-range interaction:

Significantly smaller structures 

can be resolved

Optical Microscopy  versa Scanning Probe Microscopy

Nobel Prize 1986 

to Binnig and Rohrer

1982: Binnig and Rohrer build the first Scanning Tunneling Microscope (STM)

Since then: whole family of Scanning Probe Microscopies (SPM) developed,

Atomic Force Microscopy (AFM / ~SFM) soon the most important one

..always needed as a Ăbridgeñ

between our eyes and high resolution SPM

to find the region of interest

T. Dziomba  /  H.-U. Danzebrink et al.
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Scanning Force Microscopy

Nobel Prize 1986 

to Binnig and Rohrer

Scanning Probe Microscopy (SPM)

Short-range interaction:

Significantly smaller structures 

can be resolved

L. Koenders / T. Dziomba  /  H.-U. Danzebrink et al.
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Multitude of Probes

L. Koenders  /  A. Yacoot  /  H.-U. Danzebrink et al.
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2003 2004 2009 
(estimated)

STM 13 M$ 16 M$ 42 M$

AFM 122 M$ 152 M$ 378 M$

Total 135 M$ 168 M$ 420 M$

Motivation:  the worldwide SPM market is rapidly growing!

Source: draft business plan of ISO TC 201 SC 9 of 2007-11-30, 

based on data by Veeco (USA), Park Systems (Korea), Seiko (Japan) and analysis of business estimations by consulting companies
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Motivation:  the worldwide SPM market is rapidly growing!

Source: draft business plan of ISO TC 201 SC 9 of 2007-11-30, 

based on data by Veeco (USA), Park Systems (Korea), Seiko (Japan) and analysis of business estimations by consulting companies
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¶ 1.8 G$ for molecular, nanoscale, and atomic imaging (2007) 

(+18 % p.a. , to reach 4.2 G$ in 2012)

¶ 1.3 G$ (70 %) of that sum is spent on imaging hardware (2007):

- approx. 500 M$  Scanning Electron Microscopes (SEM)

- approx. 300 M$  Scanning Probe Microscopes (SPM)

- approx. 500 M$  others

US market as example:
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Introduction: 
Challenges to SPM standardization (1) ïso many SPM applications!
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¶ precision engineering
(e. g. form/waviness/roughness, surface finish, film/layer thickness; products & tools)

¶ micro-fabrication
(e. g. sensors, optical gratings, micro-lenses, micro-sieves, MEMS; master & product)

¶ semiconductor fabrication
(e. g. critical dimension CD, pitch, line edge roughness LER, overlay; masks & wafers)

¶ material science
(e. g. grain size distribution, roughness, hardness/nano-indentation, force spectroscopy)

¶ crystallography, solid state physics
(arrangement of atoms, molecules, clusters)

¶ chemistry 
(e. g. polymer research: elasticity, local chemical sensitivity and dispersion)

¶ life sciences
(features of tissue and local chemical activity, often studied in liquids)

¶ nano-science / nano-engineering
(nanostructured or nanometrically functionalized surfaces, 
nanoparticles, nanorods, carbon nanotubes - CNT, etc.)

¶ Calibration of reference structures (standards) 
for other measurement techniques

Introduction: 
Challenges to SPM standardization (1) ïso many SPM applications!

T. Dziomba  /  L. Koenders  /  G. Wilkening
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Å SPM modes realized (AFM/SFM contact/dynamic; STM; SNOM/NSOM; MFM...)

Å possibly in combination with other methods installed at the same sample stage

or attached to the apparatus as peripheric instruments

Å size of the complete apparatus (few centimetres to cubic meter)

Å size of the measurement circle (from some millimetres to several metres)

Å type, size and range of the translation stages (coarse pos.) and of the scanner

and their metrological equipment

Å measurement environment (in air, in UHV, at low temperatures, in liquid cells)

Å ambient conditions (exposure to noise, temperature, humidity, staff, cleanroom)

Å calibration features provided by the SPM manufacturer

Å SPM modes realized (AFM/SFM contact/dynamic; STM; SNOM/NSOM; MFM...)

Å possibly in combination with other methods installed at the same sample stage

or attached to the apparatus as peripheric instruments (data fusion)

Å size of the complete apparatus (few centimetres to cubic meter)

Å size of the measurement circle (from some millimetres to several metres)

Å type, size and range of the translation stages (coarse pos.) and of the scanner

and their metrological equipment (e. g. additional position senors)

Å measurement environment (in air, in UHV, at low temperatures, in liquid cells)

Å ambient conditions (exposure to noise, temperature, humidity, staff, cleanroom)

Å calibration features provided by the SPM manufacturer, software

T. Dziomba  /  L. Koenders  /  G. Wilkening

Introduction: Challenges to SPM standardization (3)

knowledge and skills of the user!

Introduction: 
Challenges to SPM standardization (2) ïso many SPM realizations!
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Traceability to the SI units
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Done by the USERService provided by National Metrology Institutes (NMIs)

Typical traceability chain for Scanning Force Microscopy

SI-unit

definition

Measurement

of the actual object

National metrology institute (NMI) SPM users (industry, universities, institutes, etc.)

SPM

with built-in / calibrated by

interferometer

e. g. VERITEKT at PTB,

Met.LR-SPM at PTB

ĂMetrological SFMñ

with built-in / calibrated by

interferometery

actual

object

to be

measured

by SFM

SI-unit

metre

Laser

calibration

(wavelength l)

Diffractometry
(lateral standards),

Interfer. microscopy

(step height &

flatness standards)

Calibration

of user's SFM

e. g. at PTB:

SISNanostat. II
(Bruker N8 Neos)

Calibration

of physical

standards

GUIDELINE!
e.g. VDI/VDE 2656 for SPM

www.beuth.de

VDI/VDE 2656 ïPart 1:  Figure 1 (p. 4)


