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High resolution (R>10,000) spectra are of critical importance to a number of 
research fields including astronomy and synchrotron beamline science. To create 
these spectra, modern spectrometers often require precisely fabricated, custom, 
large-area (>50 cm2) diffraction gratings with high groove densities (1000s 
gr/mm), critical dimensions <1 micron, and low line edge roughness. Direct-
write techniques, such as electron beam lithography (EBL), are thus a preferred 
fabrication method due to the technique’s precision and adaptability1,2. 
Motivated by these requirements and an ultraviolet astronomy use-case, we have 
fabricated gratings via EBL and seek to fully characterize their performance with 
special attention to spectral defects caused by feature placement errors in the 
patterning process. 
 
Feature misplacement is of particular importance since these errors, often caused 
by field-to-field stitching or drift, can cause groove discontinuities resulting in 
phenomena known as Rowland and Lyman Ghosting. “Ghost” orders refer to a 
multiplicity of a single spectral order which manifests due to incident light 
diffracting at more than one effective period (Fig. 1). This degrades the overall 
quality of the spectrum, regardless of the grating’s resolution and efficiency, due 
to a degeneracy in the location of wavelength-specific peaks at the observation 
plane. To quantify the appearance of ghost orders, we use interferometric 
measurements of the grating’s period error3 to simulate the intensity distribution 
generated by the imperfect grating. This technique enables an iterative process 
for exploring critical tolerances of feature placement accuracy when designing 
and patterning gratings over large areas. We report on progress using 
interferometric metrology and a Fourier optics mathematical approach to 
simulate and quantify the ghosting effects of discontinuities on real gratings 
fabricated via EBL. 
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Figure 1: (Left) Scanning electron micrographs of a grating with and without 
groove discontinuity. (Center) Cartoon of light incident on each type of grating. 
(Right) Simulated intensity distribution showing a perfectly ideal case with a 
single -1st order (top) and the appearance of a ghost order (bottom).   


