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Nanophotonics
Diffracted Evanescent
Wave Model for Enhanced
and Suppressed Optical
Transmission Through
Subwavelength Hole Arrays
Henri J. Lezec and Tineke Thio 

T he optical transmission enhance-
ment of subwavelength hole arrays

in metal films (reported to be up to 
G = 1,000) has been attributed to a reso-
nance of the incident light with surface
plasmon polaritons (SPs) at the metal
surface.1 However, recent experiments2

reveal a very different and surprising pic-
ture when a careful comparison is made
of the per-hole transmission coefficient
of a hole in an N � N array, TR,N(�), to
that of an equivalent single, isolated aper-
ture fabricated in the same film, TR,1(�),
and taking into account the numerical
aperture of the collection optics. At the
transmission maxima (see Fig. 1), the
enhancement is only G = TR,N /TR,1~2 ,
much smaller than previously claimed;
we have found G < 7 over a large para-
meter range. Moreover, at the minima
TR,N(�) is actually suppressed relative 
to the single-hole case (G < 1).
Furthermore, very similar modulation
spectra are observed for hole arrays 
fabricated in a nonmetallic film such 
as amorphous silicon.

These observations call into question
the validity of the SP model, which
requires a metallic surface and does not
account for transmission suppression. A
new model is proposed2 which takes into
account the full continuum of evanescent
modes diffracted by a single subwave-
length surface feature (whereas the SP
represents just a single one of those
modes). A summation over all the surface
modes yields a composite diffracted
evanescent wave (CDEW; red arrows in
inset of Fig. 1) that is markedly distinct
from an SP, being characterized by a sin-
gle wave vector kCDEW = k0, an amplitude
that is inversely proportional to the dis-
tance to the scatterer, and a phase that 
is shifted by ��2 with respect to the excit-
ing radiation at the scattering site (these
analytically derived properties are experi-

mentally verified). When the CDEW
arrives at the entrance of a nearby aper-
ture, it interferes with the light that is
directly impinging on that aperture. The
resulting enhancement or suppression 
of the intensity at the entrance leads
to a modulation of the exit intensity. A
similar interference process occurs on the
back surface.

The CDEW model is consistent with
all experimental results published in the
literature to date including beaming
effects,3 while an experiment on a struc-
ture that is optimized to reveal SPs indi-
cates that the SP contribution to the
transmission enhancement is negligible.

Since the CDEW model is not limited to
metallic systems, it is relevant to a broad
class of surfaces with periodic subwave-
length structure, such as frequency-
selective surfaces, photonic-crystal 
surfaces and diffraction gratings.
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Figure 1. Transmission spectrum TR,N (�) of N x N hole array in silver on glass with
index matching dielectric (n = 1.46); lattice constant P = 410 nm; hole diameter 
d = 150 nm. Inset illustrates CDEW model for single hole surrounded by surface 
corrugations and shows both enhanced coupling (surface 1) and beaming (surface 2).
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Tell us what you think: http://www.osa-opn.org/survey.cfm
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