Phase and amplitude apodization induced
by focusing through an evanescent gap
in a solid immersion lens microscope
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1 Introduction For example, i\=633 nm and NAg=1.3, we havez,

The extension of microscopy, data storage, and other appli-~0-13v=61 nm.
cations to resolve ever smaller features motivates the use of The formulation of the electric field using high-NA fo-
evanescent microscopksin which evanescent coupling cusing into layered media was introduced by Ichimura
across a small gap is used to improve resolution. The vectoret al.; who based their calculations on the work of Rich-
nature of evanescent coupling induces certain phase ancrds and Wolf. Our theoretical development is based on
amplitude apodizations that can influence the performancethe application of the Debjeapproximation in a high-NA

of the optical system. In this paper, we quantify the imaging system, which differs from that of Ichimura elzal._
apodization and describe its effects for scanning solid im- i that the total eIectromagnetlc field can be calculated in
mersion lengSIL) microscopes. For the SIL system intro- any plane of the recording layers, as well as the reflected
duced by Mansfield and Kinbthe last lens is a hemisphere field.
centered on the image, as shown in Fig. 1. The effective
numerical aperture inside the SIL is NA=ng NApR

=ng am, Wherea,, is the direction cosine associated with from laser
marginal ray. For scanning microscopes, a focused laser : ;
beam illuminates the sample through the objective lens and

SIL. The reflected light is collected through the same lens objective lens
system.

Since resolution is proportional %/NAggg, improved Fagiialieg
resolution is observed for highg, and largeé,,. How- = sin6
ever, when NAg=>1, the beam coupling through the air ol Il
gap becomes partially evanescent. The sample must be in SiL
proximity to the SIL in order for the evanescent energy to +
couple through the gap. Theeld_ecay distancc;:_l,e o_f the air gap ry
evanescent energy at the marginal ray angle is given by WT

\sample N
A
A 1 Fig. 1 A simple solid immersion lens (SIL) geometry. A laser beam

focuses on the bottom of the SIL. A small air gap h separates the SIL

216= 1 (NAer— 1) 12 (NAgre>1). (1) and the sample.
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