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Introduction:

We present details of a recently developed imaging algorithm based on the Extended
Nijboer-Zernike (ENZ) formalism [1][2]. We focus mainly on the imaging part of the algo-
rithm which generates the through-focus images using the Zernike functions that describe
the entrance pupil distribution. We show an example illustrating some of the advantages in-

troduced by the ENZ approach.

ENZ imaging scheme: Convergence & accuracy:
Sicoretioe oxtomded sous ° Conv_ergence considera_tions on the FDTD t_ooI per-
forming both the near-field and the propagation com-
€ \ putations can be found in Refs. [3],[4].
Source element generates e The convergence of the Zernike expansion in the en-
plane wave through Kéhler trance pupil strongly depends on the object. Large
illumination scheme objects with a high degree of periodicity require a
| large number of Zernike coefficients. Convergence for
Rigorously compute the A adouble hammerhead structure is shown in Fig. 2A.
near-field at the mask due ® The ENZ basic functions are *
to plane wave illumination computed using a well-
' converging series expansion. : .
Propagate near-field to the These functions are indepen- ..
er.‘”ancezp“p.':(a”d represent dent of the object and can .- »e
't as a zernike expansion thus be calculated and =% & o o o o o w
I stored in advance. Fig 1. Convergence ofNutr:::;sbasic functions.
Include aberrations and ) ) )
transmission changes and ® As the ENZ basic functions can be computed in ad-
generate Zernike coefficients vance, the operational accuracy of the method is
of exit pupil field solely limited by the accuracy of the Zernike expan-
| i sion in the entrance pupil. This is illustrated by the
Construct through-focus image double hammerhead example presented below.
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contribution using the Zernike
coefficients of the exit pupil
and the ENZ basic functions
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Final image is obtained as

he incoherent sum of all
the coherent su ora Fig 2. For a double hammerhead structure we show: A) The expansion accuracy (RMS error) in the pupil

source element contributions versus the maximum number of radial and azimuthal Zernike orders (n_,, m__ ) included in the fit.
B) The resulting accuracy in the through-focus image.

RMS Error Pupil

CO n CI u S i O n S : negative z-direction Best focus
Advantages of ENZ-imaging:

® fully rigorous approach

e complete through-focus image
behaviour obtained in a single
simulation (see Fig. 3)

® speed enhancements possible positive z-direction
through preca|CU|ati0n and stor- Fig 3. We show the simulated through-focus image behaviour (imaging by an immersion lithographic system,

NA = 1.224, % = 193nm, immersion fluid water, x-pol. normal incidence plane wave illumination) of the

age Of ENZ baS|C fu nCtlonS hammerhead structure defined in Fig 2. Note that all images are obtained in a single computational

run using ENZ basic functions stored in a look-up table.
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