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W911NF1510381  3D Nanostructure Design and Fabrication 
 
Prepared by M. A. Fiddy   January 26th 2017 
 
Introduction 
 
Funding for a Nanoscribe Photonic Professional GT 3D printer was requested for the fabrication 
of nanostructures, especially those designed as metamaterials for applications in the IR. This 3D 
printer also assists with the development of inverse methods for improved metamaterial and 
scattering target designs.    
 
Instrument details 
 
Award total: $542, 662  
 
 

 
 

 
 

 

 
 

 
 

 



 
 

 
 

 
 

 
 

 
 

 
 

 

 
 
              
Instrument total: $538,778.75 
Delivery charges: $2121.04 
Services: $1762.20 
 
 
The Nanoscribe’s capabilities 
 
The Nanoscribe can write features down to 120nm.   Each tool is custom built and costs 433,000 
Euros (~ $542,000). Ours was shipped to the US from Germany in the Spring of 2016 but was 
held in customs for many months due to an issue over payment of import duty.  This was 



eventually resolved and the instrument delivered and installed August 4th to 9th 2016.  The kick-
off and training meeting with the vendor was held at UNCC on August 5th 2016.  This late date 
left very little time for results from the Nanoscribe to be obtained and reported relating to the 
above project concepts, and is why this final report is being submitted late. 
 
At the kick-off and training meeting, many faculty, students and some local company 
representatives attended. The acquisition of the Nanoscribe had been conveyed to the members 
of the NSF I/UCRC Center for Metamaterials (CfM) which is led by UNC Charlotte.   
 
Currently there re 100 Nanoscribe systems installed worldwide.  The instrument uses a two-
photon absorption process to expose uv resist and thresholding allows ~ 100nm linewidths to be 
written if used with care.  The laser in the system operates with a wavelength of 790nm and 
100fs pulses with an 80MHz pulse repetition frequency.  Several resists or resins are available in 
which this two-photon polymerization process can be exploited for high speed and high 
resolution 3D printing.  Ongoing research at UNCC through the CfM has been the development 
of new polymer-based resists, incorporating 4 to 5nm sized nanospheres which allows one to 
change the base refractive index from which the structures are made.  This provides another 
dimension of flexibility for applications of the Nanoscribe. 
 
Many faculty at UNCC who work on nanoscale device fabrication (see 
http://opticscenter.uncc.edu) have arranged to use the Nanoscribe and so its impact on several 
projects is clear.  These include faculty members such as Dr. Glenn Boreman, Dr. Ish Aggawal, 
Dr. Tom Suleski, Dr. Tsing-hua Her, Dr. Menelaos Poutous, Dr. Ed Stokes 
and Dr. Marcus Jones and over 20 funded graduate students. A new faculty member, Dr. Tino 
Hofmann has a particular interest in and need for the Nanoscribe.  His expertise is in developing 
ellipsometer techniques for measuring the permittivity or index tensor associated with highly 
anisotropic thin films.  The Nanoscribe can write form-birefringent structures with great 
precision which, for IR ellipsometry can be modeled through effective medium approximations 
to determine the equivalent permittivity tensor components.  Controlled writing of such 
structures allows immediate improvements to be made in both effective medium modeling for 
structured materials as well as ellipsometer model fitting methods.  This approach also serves as 
the foundation for being able to develop more accurate methods for measuring the effective 
medium properties of metamaterials in general.  
 
The Nanoscribe will support on-going projects funded by ARO and we note that the NSF 
I/UCRC Center for Metamaterials (centerformetamaterials.com) has projects supported by ARO, 
ARL Adelphi, ARL CERDEC and AFRL as well as several defense contractors such as 
Raytheon.  
 
Progress to date 
 
In the first few months of having the instrument, the following have been successfully 
completed: 
 

1) Installed and verify proper operation 
2) Demonstrate the ability to write on semiconductor and metal substrates 



3) Rapid prototyped an alignment device for a SNOM 
4) Demonstrated the ability to write naked-eye-visible arrays from nanoscale features 
5) Constantly improved stitching abilityfor larger structures 
6) Developed structures for collaboration with other groups working with plasmonic and 
dielectric resonators, microspheres, free space vortices, infrared metasurfaces etc. 
 

Initial attempts at creating sub-micron features demonstrated that process parameters needed to 
be improved, for example with these vertical split ring resonator structures: 
 

 
 
The first iteration is seen on the left and the second on the right after adjusting the write speed.  
 
 
 
 
 
 
 
 
 
 
 
 
Identical frames at different depth of focus reveal that it is much easier to produce uniform arrays 
for characteristic features larger than ~700nm 
 
 
Flat split ring resonator arrays are more straightforward to write: 



 
 
 
The ability to make large scale arrays of uniform microspheres is considered to be a disruptive 
technology for enhancing focal plane arrays in IR imaging systems (parametrically modulated 
type-III strained layer superlattice photodetectors). 
 

 
 
Figures show microsphere arrays with 25, 10 and 5  scales respectively. 
 
An example of a 3D structure written using the newly installed Nanoscribe is shown below. It is 
an image obtained using our Raith 150 e-beam system.  A scale of one micron is indicated and 
the image is of a series of nanospheres wrttien one on top of the another in an array of rows and 
columns.  Writing nanospheres with this precision and being able to return and write more with 
such excellent positional accuracy was considered to be one of the important and early test 
structures to assess the overall capability of the instrument.  While straightforward to use in 
principle, the training to become proficient in its use to make complex structures such as this is a 
matter of weeks rather than days. The Nanoscribe can write structures by translating most CAD 
design files into its own file format. The piexo stage allows volumes as large as 300 microns 
cubed to be written with 5nm return positional accuracy. The writing beam is stationary and the 
resist volume is moved. In one mode liquid resists can be used in a lens immersion configuration, 
requiring great care in post-use cleaning of the objective lens. In another writing mode solid 
resists can be used.  An important and attractive feature of this instrument is that one can write 
structures in materials that can then serve as molds for mass replication of additional structures. 
Highly complex large structures can take several hours to write and removing unexposed resist 
from the final structure also needs to be done with care.  



	
  
	
  
	
  
Further details about the instrument and its use can be obtained from Dr. Hofmann while I am on 
leave of absence at DARPA 
 
Dr. Tino Hofmann 
Assistant Professor of Applied Optics 
Dept. of Physics & Optical Science 
University of North Carolina at Charlotte 
9201 University City Boulevard 
Charlotte, NC 28223-0001 
 
tel. 704.687.0991  
fax.704.687.8241  
thofmann@uncc.edu 
 


