
OPTICAL ENGINEERING 

output image by propagation through the thin phase 
screen.4 

The effects of both large- and small-scale phase dis
tortions on imaging system performance were exam
ined. Phase distortion standard deviations considered 
were 1.0-1.5 λ for small-scale distortions, and 2.0-2.5 λ 
for large-scale distortions. Compare images obtained 
using white light (See Figs. 1a and 1b), with those 
obtained using coherent illumination (See Figs. 1c and 
1d). Figures 1a-1d were obtained using the same imag
ing system and identical small-scale distortions. The 
coherent imaging system was significantly more sensi
tive to the presence of phase distortions. This is also 
true when both large- and small-scale distortions were 
considered, as shown in Figure 1e for coherent illumi
nation and Figure If for incoherent illumination. 
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Refraction and Diffraction in 
the First-Order Born 
Approximation 
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Neuchâtel, Switzerland 

R ecently it was demonstrated that refraction, reflec
tion, and diffraction of a field distribution at an 

interface can be treated by the first-order Born approxi
mation.1 Therefore, the Born approximation can be 
applied to various design problems like the design of 
blazed phase gratings or surface relief elements. Even 
"classical" optical lens systems, consisting of single 
refracting surfaces, can be treated with this new 
approach. The calculation of the transmitted and 
reflected field can be performed by the use of a fast 
Fourier algorithm only. 

The first-order Born approximation is usually 
applied to scattering, similar to inverse source problems 
and optical tomography.2 In the Born approximation, it 
is assumed that the scattered field suffers only from sin
gle scattering processes. The scattered field is given by a 
convolution of the spatial frequency spectrum of the 
scatterer and the incident field spectrum.3 Thus, in the 
usual application to inverse source problems, a decon-
volution has to be solved. 

Due to the convolution of the incident field spec
trum with the spatial frequency spectrum of the scat
tering object, however, the spatial frequencies of the 
scattered field are given by the Laue-Equation : 

The Laue-Equation is also well-known from solid-state 
physics and, in general, diffraction optics. In this case, 
the diffracted wavevector k is given by the sum of the 
incident wavevector ki and a reciprocal grating vector g. 

The Laue-Equation is also equivalent to Snell's Law 
of Refraction and Reflection, which can be written as a 
vector equation:4 

with the surface normal N. Therefore, the Laue-
Equation describes not only diffraction and scattering, 
but also refraction and reflection. Consequently, the 
first-order Born approximation can be applied, e.g., to 
the refraction at an interface, as far as the refracted field 
suffers only from single refractions at the interface. For 
the application, the shape of the interface has to be 
Fourier transformed. Generally, the refracted field at a 
single interface can be calculated by using only three 
fast Fourier transformations. 

As an example, Figure 1 (page 17) shows the intensity 
distribution of a plane wave, refracted at a lens array with 

Figure 1. Images recorded by CCD camera after propagation through 
turbulent phase screen (a-d) and after additional reflection from 
deformable mirror (e-f). See text for details on each image. 
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spherical surface relief lenses. T h e calculat ion was 
restricted to two dimensions and was performed for the 
TE-polarization. 

To summarize, the first-order Born approximation 
was proposed for the treatment of refraction, reflection, 
and diffraction of any field distribution at various inter
faces, such as single, refracting surfaces and blazed grat
ings. This application of the Born approximation to 
refraction and reflection is based on the fundamental 
equivalence of Snell's Law of Refraction and the Laue-
Equation. In the case of single surfaces, the evaluation of 
the refracted field requires no approximations and only a 
straightforward fast Fourier algorithm. It has also been 
shown that this new theoretical approach includes a visu
al description of the involved optical processes, e.g., the 
diffractive and refractive effects at blazed prism arrays.1 
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DIFFRACTIVE SYSTEMS 

High-Efficiency Multilayer 
Dielectric Diffraction Gratings 
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Livermore, Calif., and L. Li, Optical Sciences 
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D iffraction gratings have been produced by mechani
cal rul ing since 1883 and by interferometric or 

" h o l o g r a p h i c " techniques since the early 1970s. 1 

Whether produced by mechanical ruling or interfero
metric exposure, high diffraction efficiency is achieved 
in conventional reflection gratings by overcoating the 
grooves with a metal that exhibits high reflectance over 
the wavelength of interest. Most metallic gratings exhibit 
a diffraction efficiency determined by the shape and 
depth of the groove profile and the reflectivity of the 
metal. Due to the inherent broadband reflectivity of 
metals, frequency selectivity is accomplished only by dis
persion. Finally, the low threshold for optical damage of 
metallic gratings limits their use with high power lasers.2 

In 1991, we postulated fabricating grating structures 
within the high damage threshold multilayer dielectric 
films commonly used as reflectors for high power laser 
systems. Such gratings should demonstrate a high opti

cal damage threshold resulting from minimal absorp
tion of laser light and enhanced material strength. Also, 
as a result of the inherent frequency selectivity of the 

Figure 1: Intensity distribution of a plane wave, refracted at four 
lenses of a lens array with spherical surface relief lenses. 

Figure 1. Scanning electron micrograph of a 1480 l/mm multilayer 
dielectric grating. 
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