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Abstract: We demonstrate compact tools nanoscale chemical imaging map molecular 
composition in 3D with nanoscale resolution, and defect-tolerant nanopatterning that use bright 
beams of soft x-ray laser light to  print plasmonic surfaces with a variety of motifs.  

 
Table-top soft x-ray lasers (SXRL) producing pulses with energies of 10-100 µJ at wavelengths 
between 13 and 46.9 nm1-3 are enabling new applications in  nano-imaging  and in defect-tolerant 
nano-patterning.    In this presentation we will present recent results on two systems: 1) a novel 
non-contact lithography method that has been applied to print plasmonic surfaces; and 2) the 
application of  soft x-ray laser ablation mass spectrometry (X-LAMS) to produce 3D chemical 
images with nanoscale spatial resolution. The recent demonstration of table-top SXRLs 
producing picosecond pulses at 100 Hz repetition rate4 will enable new advances in these areas.  
The nanopatterning method exploits the high spatial and temporal coherence of the compact 
SXR laser sources.   SXR  Talbot lithography  is a non-contact lithography method that consists 
on illuminating a mask made of the desired periodic pattern that when fully illuminated by a 
coherent SXRL beam produces by diffraction a 1:1 replica at set distances from the mask5.  
Placing a resist-covered substrate at these locations enables exposure of the resist layer that is 
then used as mask to transfer the pattern onto a substrate. One remarkable characteristic of this 
method is that it produces defect-free prints. We have applied SXR Talbot lithography to pattern 
an array of dense holes 75 nm in diameter over an area of 0.5mm×0.5 mm with exposures of 50-
70 laser shots.   The  capability of the method to print arbitrary nano-patterns is well suited for 
the fabrication of plasmonic surfaces, arrays of nano-antennas, 2D photonic crystal  structures, 
etc.  Examples of some structures that we fabricated using this approach will be presented.    
X-LAMS is an scanning molecular imaging microscope that uses focused SXRL pulses to ablate 
holes in a sample’s surface with volumes of a few atto-liters. The ions created in the ablation 
process are analyzed using mass spectrometry to construct molecular composition images that 
have simultaneous nanoscale lateral and depth resolution. The nanoscale spatial resolution and 
femto-gram mass sensitivity of the instrument was demonstrated by analyzing single shot mass 
spectra from complex organic molecules and fullerenes and in the 3D imaging of hybrid 
organic/inorganic samples. The ultimate goal is to map in 3D the chemical composition of cells 
with nanometer resolution. 
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