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In 1947, Chuck Yeager flew a Bell X-1 to break the 
long upheld belief of the Mach barrier: no one could 
fly faster than the speed of sound. Physicist today are 
working to break another such barrier: the diffraction 
limit. In 1873, Ernst Abbe postulated that the 
fundamental limit of optical microscopy was limited 
by the wavelength and the numerical aperture of the 
optics to approximately half the wavelength [1]. In the 
visual spectrum, this equates to a resolution limit of 
approximately 100 nm.  

By tapping into the optical near-field, the region 
where non-propagating fields can still be detected, the 
diffraction limit can be broken. For new technologies 
such as hyperlenses and nano-antennas, theoretical 
resolutions of 10 nm have been reported [3][4].  

Industrial application of these imaging artifacts, 
however, is limited by the lack of an instrumentation 
platform that is capable of positioning the artifact in 
extreme proximity to the sample. For the visual 
spectrum of light, the optical near-field can be 
detected at distances from the sample measured in 
tens of nanometers. The two main challenges that are 
imposed by this are  (1) measuring the distance to the 
sample [2] and (2) positioning it at the required 
distance. 

The meta-instrument is an opto-mechanical 
instrumentation platform that is designed to meet the 
requirements imposed by imaging near-field 

technologies. These concern the positioning accuracy 
and speed, distance measurement, high bandwidth 
actuation, optical read-out and instrument dimensions.  

The instrument sports a three stage design of coarse 
approach stage, fine positioning stage and high speed 
MEMS stage, which are used for engaging to the 
sample, following the surface topography and 
maintaining the optical artifact in focus. A 
topographical sketch can be found in Fig.1. 

Fiber interferometers are utilized to close the control 
loop of the fine positioning stage and realize sub-
nanometer control of distance and micro radian 
control of tip- and tilt of the optical element with a 
470 Hz bandwidth.   

This paper reports on the ongoing efforts and 
advances made in realizing the meta-instrument and 
open challenges for the next iteration. 

   ACKNOWLEDGMENTS 
This program is financially supported by the TNO 
early research program 3D Nano Manufacturing 
Instruments. 

REFERENCES 

[1]  Abbe, E. (1873). Beiträge zur Theorie des 
Mikroskops und der mikroskopischen 
Wahrnehmung. Archiv Für Mikroskopische 
Anatomie, 9(1), 413–418. Retrieved from 



Proceedings of the 13th International Workshop on Nanomechanical Sensing NMC 2016 Delft, The Netherlands 

http://link.springer.com/article/10.1007/BF0295
6173 

[2] Bijster, R. J. F., Sadeghian, H., & Keulen, F. 
van. (2016). Non-contact distance measurement 
and profilometry using thermal near-field 
radiation towards a high resolution inspection 
and metrology solution. In M. I. Sanchez & V. 
A. Ukraintsev (Eds.), SPIE Conference 
Proceedings Volume 9778: Metrology, 
Inspection, and Process Control for 
Microlithography XXX (p. 97780H). San Jose, 
CA, United States of America: SPIE Digital 
Library. doi:10.1117/12.2218877 

[3]  Novotny, L., & van Hulst, N. (2011). Antennas 
for light. Nature Photonics, 5(2), 83–90. 
doi:10.1038/nphoton.2010.237 

[4]  Lu, D., & Liu, Z. (2012). Hyperlenses and 
metalenses for far-field super-resolution 
imaging. Nature Communications, 3, 1205. 
doi:10.1038/ncomms2176 

 

 

 

 

Fig.1: Sketch of the first realization of the meta-instrument.  


