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ABSTRACT

The Positive Resist Optical Lithography model (PROLITH) is introduced. The model predicts resist
profiles for submicron projection, proximity and contact printing. Included are models for optical
projection systems, the standing wave effect for projection printing, a diffraction model for contact
printing, a kinetic model for the exposure reaction, and a kinetic model of the development process.
Also included in PROLITH are the effects of prebake conditions and polychromatic exposure.

INTRODUCTION

- Process modeling has become an increasingly important tool in semiconductor research and manufacturing. One
of the most important uses of process modeling is to optimize the performance of a process for smaller and smaller
(dimensions. The eventual production of submicron geometry devices requires that one process step 1n particular be
rushed to its physical limits: optical lithography. If a model is to be useful in predicting the performance of a
ithography system, it must be capable of modeling in the submicron regime.

. Past lithography modeling efforts have centered around the work of Dill, et al () which models projection exposure
development of positive resists. Other models have added features and made slight changes, but are still
limited to projection lithography. The need for a model for contact printing has been expressed by researchers 3)and
(ould become a limited production need. In this paper the Positive Resist Optical Lithography model (PROLITH) is
ntroduced. The model applies not only to projection printing but to proximity and contact printing as well. It
incorporates the effects of prebake conditions on exposure and development and allows for polychromatic exposure.
PROLITH is designed to be a versatile, comprehensive submicron optical lithography model.

PROJECTION PRINTING

b Of the three major types of optical lithography in use today (projection, proximity and contact printing), projection
printing is the easiest to model (1.2, This is due to the fact that the Intensity of the exposing radiation within the

;fresist I(x,y,z) is separable, ie,
[(x,,2) = L(x,y) (2) (1)

where Ii(x,y) = the projected Image intensity on the surface of the resist film
Is(z) = relative intensity due to the standing wave effect.

- %,y) 1s dependent only on the projection printer and is independent of the resist. I4(z) is dependent only on the resist

) (sitem adnd i?dependent of the projection printer (with the exception of wavelength). Thus, the two may be calculated
indepen ently.

~ Determining Ii(x,y) requires an analysis of the optical system used to produce the image. The parameters of
mportance are the wavelength of the exposing radiation, A, the numerical aperture of the objective lens, NA,, the
nape of the aperture, the degree of coherence, o, the deviation (if any) of the resist surface from the plane of perfect
beus (called the defocus distance), 8§, and of course the geometry of the feature to be imaged. The theoretical

rinciples required to model such a system was first given by Hopkins 4-6) and have been applied to the problem of
jection printing (7-9). The results of such an analysis can be seen in Figure 1.

. When a thin photoresist film on a reflecting substrate is exposed to monochromatic light, standing waves are
Ioduced in the resist. The effects of standing waves on linewidth control and resolution have been well documented
U4, Several methods of calculating the standing wave intensity Is(z) have been proposed, (13.14) but all have been in
ie form of numerical approximations. It can be shown that a closed form solution for I5(z) exists for the case of
ljection printing. Consider a homogeneous thin photoresist film of thickness D and complex index of refraction ny
eposited on a thick substrate with complex index of refraction n3 1n an ambient environment of index nj. Let

2%,y,z) be the electric field in the photoresist (see Figure 2). If the film is illuminated by a normally incident plane
ave Ej(x,y), the electric field within the resist is given by

exp(— ik2z) + pz3tD2exp(ikzz)
- 2
BT (2)

12P23'p

E2(x,y,z) = EI (I,y)L12
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