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Diffractive optical elements can be realized by fabricating surface relief structures with 
features shorter than the wavelength of 1ight.l4 These structure have the properties of 
homogeneous layers of material but with effective indexes of refraction determined by the duty 
cycle of the surface features. Lateral variations in those duty cycles lead to lateral gradients in 
refractive index and, potentially, surface elements with very high diffraction efficiencies. 

Here we present a high-efSiciency, dielectric, subwavelength surface relief “blazed 
grating,” 5-6 - a single “blazed-tooth” of which is shown in the scanning electron micrograph 
(SEW in Fig. 1 - and report recent results on a subwavelength “anti-reflection” (AR) surface 
shown in the SEM in Fig. 2. These structures were designed for use at 975 nm. To our 
knowledge, this is the shortest wavelength for which semiconductor structures of these types have 
been successfully demonstrated. The structures were fabricated in GaAs substrates. Our choice of 
wavelength and substrate material was motivated by interest in integrating diffractive optical 
elements with vertical-cavity surface-emitting laser diodes and other semiconductor optoelectronic 
devices. 

The subwavelength diffractive structures use a single lithographic fabrication and still have 
high efficiencies, even for fast lenses. In contrast, conventional *active optical elements with 

high efficiency require multiple lithographic steps to produce modulo 2n stepped profiles that 

approximate the ideal refractive surface profile. The precise alignment needed for each lithographic 
step in a multilevel process is challenging. 

Various schemes for modulating the grating features have been proposed? In our approach 
we simultaneously vary all the free parameters: the etch depth, width and spacing, rather than 
artificially constraining our optimization to be analogous to pulse-width or pulse-position 
modulation. Instead we rely on fabrication based constraints, such as minimum lithographic line 
width and maximum groove aspect ratio. In each case the merit function for the optimization is 
comprised of a rigorous coupled wave theory (RCWT) calculation of the light transmitted into the 

desired diffracted order.8 The optimization in accomplished by using a straightforward gradient 
rneth~d.~ 
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Fig. 1. An SEM of a single subwavelength “blazed 
tooth” generated by etching 10 subwavelength grooves 
into a GaAs surface. The resulting “blazed grating” is 
seen to diffract 85% of the transmitted light into the 
first order. (See Fig. 3) 

Fig. 2. An SEM of three of the teeth comprising a 
subwavelength “AR surface” etched into GaAs 
This surface transmits -96% of incident light. 
(See Fig. 4) 
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Fig. 3. A scatterometer trace of the light 
diffracted by the subwavelength blazed grating 
shown in Fig. 1. 85% of transmitted light is 
diffracted into the first order. 

Fig. 4. Measured reflectance for TE and TM light 
incident on the subwavelength AR surface shown in 
Fig. 2. The error bars represent the spread in the 
data over several samples. The theory bands 
represent the values predicted for variations in teeth 
widths (47-55 nm). 
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manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
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Table 1. Summary of Results 

Theoretical Maximum 
Theoretical Design 
Measured 

AR Surface Blaze Grating f#1.5 Lens 
(Transmission) (% in 1st Order) (% in 1st Order) 

100% 100% 100% 
100% 99% 92% 

9 6 s %  85+1% (In Fabrication) 

Table 1 shows a summary of our results in these subwavelength structures. The top row 
shows the theoretical maximum achievable by using the subwavelength approach. Notice that in 
each case the maximum is 100%. The second row shows theoretical results obtained using a 
modified RCWT code to predict output of optimized structures with fabrication constraints. The 
resulting AR and Blazed grating structures are shown in Figs. 1 and 2. The third row shows the 
experimentally measured values for these elements. These results are further described in Figs. 3 
and 4, respectively. At the time of writing, the lens has yet to be fabricated and tested. It is worth 
mentioning in passing that the design for this lens is more fabrication tolerant than the design used 
for the blazed grating. 
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