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Bottomantireflective coatings (B.A R C 's) are used in mcrolithography to
reduce the effects of the periodic variation of photoresist sensitivity
with filmthickness (the so-called swing curve) and to renove or
reduce the effect of reflections off non- pl anar substrates. A
wel | - known phenonenon is the di nensional variation of |ines going 10
over steps: reflection of light by the non-vertical sidewalls of the step
causes increased i ncoupling of energy into the resist volunme
adj acent to the step, leading to a reduction in KL/P-20636MViMA2120
("reflective notching"). Sinmilar effects nay be observed on reflective
materi al s with a partlcularly coarse-grai ned structure.
It has been shown in the |i ABSIR4 THE BrOSE . SPIE 1466, 297
(1991)) 15 that the anplitude of the smnng curve defined as the
so-called "swng ratio" S, may be appr oxi mat ed by

=4 (Rerr]Rer CES HE DUCTION OF INK C ENTRATES wher e
Rlerr] is the reflectance at the top of the resist layer, e.g. to air or to
atop antireflective layer, Rb is the one at the bottom e.g., to
the substrate or to a bottom 20 antireflective layer, and d is the
resist fjlmthickness Iomnn 5 VB will be
writing Jt he 489"9?5 f"é?’?%%’f’%@“?%{e&" bk C&"‘&W%&Q’I“CL‘ cormprisés nunber
Nr=nr-ikr, where n, is the real part of Nr, and is equivalent to what is
connnnly
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wavel engt h err],([err]), by k,=[err],[err]/[err](4[err).

The substrate/bottontcoat/reS|st/alr fllntstack can in good approximation

be (b) knlehdinh aCmikfuré of théeﬁoduﬁé@émayﬁte@anphfhamﬂyadﬂnatddymermthk
antireflective coat is sandw ched bet ween sem -1 nfinite resist
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pb-(prb + pbs [err][err])/ (1 + prb pbs [err][err] (2)

where prb=(NrNb)/(Nr+Nb), pbs=(Nb-Nb)/(Nb+Nerr]) are reflection
coefficents [err][err]=exp(-i 4[err]/[err] Nb t) is the phase
factor, t is the bottomantireflector filmthickness, and t he
subscripts r,b, and s denote resist, bottomcoat, and substrate,
respectively. For 5 absorbing filns, pb is a conplex nunber. The
refl ectance off the bottomcoat is given by R = pb pb, where the
~star denotes taking the conpl ex conjugate. It follows

fromthe above that, very nuch |like a photoresist, bottomantireflective
coatings are subject to interference effects which cause a periodic

variation in the intensity of the reflected light with increasing
t hi ckness of the layer. Since a bottom 10 ARC i s nmuch nore absorbing
than a photoresist, the bottom ARC "swi ng curve" is, however,
severely danped. Al reflection transm ssion factors and the phase
coefficient are conpl ex nunbers. The cal cul ation therefore

qui ckly becones rat her nessy and yi el ds quite cunbersone

expressions; we have chosen to carry it out wwth the synbolic
al gebra package ofthe Mathemati ca program (copyri ght Wl fram Technol ogi es,

Inc.), or 15 with a Mcrosoft Excel Tm spreadsheet witten using the
conpl ex nunber handli ng provi ded by the Excel Tm anal ysi s

t ool pack. When interpreting the refl ectance val ues of Fig. 1, it
shoul d be kept in mnd that the swng ratios are proportional to the square
r-oot of the reflectance, not to the reflectance itself.

Anal ysis results indicate that for |ow values of the bottom coat extinction
20 coefficient kb, the reflectance does not reach near-zero val ues
inthe first interference m ni ma; however, it reaches very | ow
val ues for very thick bottomcoats. In contrast, for hi gh kb, the

first mninum already conmes close to zero reflectance, but the reflectance
for thicker films is so hlgh that subsequent nlnlna have hlgher
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