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Abstract: EUV light generated through high-harmonic upconversion of the output from an 
ultrafast laser exhibits full spatial coherence, ideal for implementing coherent diffractive imaging 
(CDI) and time-resolved coherent diffraction. By employing shorter-wavelength 13 nm light for 
CDI, we have recently obtained the highest resolution (27 nm) obtained to-date from a tabletop 
label-free optical imaging technique. This coherence can also be used to probe ultrafast acoustic 
dynamics in nanostructures with dimension ~30 nm. 

By virtue of its short wavelength, soft x-ray microscopy has made possible nanometer-scale resolution imaging of 
whole unstained cells, magnetic permalloy wires, internal structures in nanocrystals, and magnetic domains in thin 
film samples. Recent developments promise to open up soft x-ray microscopy techniques for more widespread use. 
First, new diffractive imaging techniques using coherent x-ray beams have made possible nanometer-scale 
resolution imaging by essentially replacing the imaging optics in a microscope with an oversampling iterative phase 
retrieval algorithm [1]. Second, advances in coherent soft x-ray generation using tabletop ultrafast lasers now 
provide sufficient coherent flux for tabletop soft x-ray imaging [2, 3].  

In past work, we demonstrated coherent diffractive imaging using iterative phase retrieval and a coherent, tabletop, 
high harmonic generation (HHG) source at λ=29 nm for illumination [3]. In this work, we significantly improve the 
spatial resolution to <30nm, using bright 13nm high-harmonic light to illuminate the sample. This demonstrates a 
record spatial resolution for any tabletop microscope using any label-free imaging modality.  

The schematic of the experimental setup is shown in Fig. 1 (a). A coherent beam from a tabletop 13nm HHG source 
is focused onto a sample, and the diffraction pattern is detected in the far field on a CCD. The numerical aperture of 
the imaging system was ~0.3. To test the resolution of the coherent diffraction imaging system, we imaged two 
chevron style air-force patterns. A SEM image of the first pattern shown in Fig. 1 (b) displays a minimum feature 
size of 60nm providing an approximate resolution limit. The sample was placed 4.6cm from the CCD corresponding 
to an NA= 0:3. The image in Fig. 1 (c) exhibits resolution of 27 nm. 

 
Fig. 1. (a) Tabletop x-ray diffraction microscope with 13nm HHG source illumination. (b)-(c) SEM and retrieved image of a test pattern with 
smallest feature size of ∼ 60nm. The 10-90% edge resolution is 27 nm. 
 
The coherence of the HHG source can also be used to detect time-resolved dynamic diffraction from surface 
acoustic waves excited by impulse heating of nanostructures,[4] making it possible to characterize ultrasmall 
structures and sub-10nm films. 
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