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Effects of interplay between metal subwavelength slits on
extraordinary optical transmission”
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In this paper we study the extraordinary optical transmission of one-dimensional multi-slits in an ideal metal film.
The transmissivity is calculated as a function of various structural parameters. The transmissivity oscillates, with the period
being just the light wavelength, as a function of the spacing between slits. As the number of slits increases, the transmissivity
varies in one of three ways. It can increase, attenuate, or remain basically unchanged, depending on the spacing between
slits. Each way is in an oscillatory manner. The slit interaction responsible for the oscillating transmission strength that
depends on slit spacing is the subject of more detailed investigation. The interaction most intuitively manifests as a current
distribution in the metal surface between slits. We find that this current is attenuated in an oscillating fashion from the slit
corners to the center of the region between two adjacent slits, and we present a mathematical expression for its waveform.
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1. Introduction

The phenomenon of light falling on a metal grating struc-
ture has been studied for a long time, where the work by Lord
Rayleigh'!?! might be the most representative. Over the years,
experimental techniques have been developed rapidly with sci-
entific achievements. A new development was made in 1998
by Ebbesen et al.l3 who first discovered the extraordinary op-
tical transmission (EOT) of a small aperture in a metal film.
The experimental results showed that the transmissivity was
very much greater than that expected by classical diffraction
theory, and greater than the expected results in accordance
with the occupied area ratio, and it showed that light could
“couple” to the other side of a metal film in such a way that the
light did not directly pass through the holes. Around that time,
the EOT of metal film containing sub-wavelength slits with a
grooved structure was studied, and it was found that the trans-
missivity depended on the film thickness, distance between the
slits, and depth of the grooves.[*~" As an extension, further re-
search has been carried out to explore the EOT of more com-
plex sub-wavelength structure and the interest in understand-
ing the physics of the phenomena in order to find application
of EOT in optical components was aroused.®!! Regarding
the explanation of EOT, two theories have been suggested. It

3.10.11 that the incident beam activated surface

was proposed!
plasmon polaritons (SPP) on the surface of the metal structure
comprising a narrow slit, that the SPP coupled light into the
slit, thereby enhancing the intensity of the light entering the

slit, and that it also scattered the emergent light out of the cav-
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ity, resulting in an SPP resonance. Another explanation!?>~26]

postulated a resonance of a Fabry—Perot (F-P) cavity in which
SPP standing waves were generated in the slit, so that the
transmissivity of light of a specific frequency was enhanced
as the light passed through the slit. In fact, these two theories
did not contradict each other, because the real process of EOT
involves the combination of these two aspects.|?7-?8]

Many metal structures that can exhibit EOT have
been studied, such as the single-aperturel!! and single-
slit  structures,[®15-17:26.291 the periodic slot arrays, 3034

[35-39 For a multi-

gratings, I double-slit structures,'*?! etc.
aperture structure, the apertures have usually been considered
as periodically arranged, such as a grating, for the convenience
of investigation.

Practically, slits in metal films have never really been pe-
riodically arranged, since the number of slits in real compo-
nents must be finite. To date, studies on the transmission of
a finite number of slits have been rare, perhaps because the
treatment of non-periodic structures is more complicated than
that of periodic ones. The interaction between slits in a multi-
slit structure is an interesting topic, however. In this paper, we
study the transmissivity of an ideal non-periodic metal struc-
ture containing a finite number of slits. The transmissivities
of structures with single and multi-slits are compared, and the
factors that influence the transmissivity are analyzed. Particu-
lar attention is paid to the interaction between slits as it affects
the transmissivity and is reflected by currents in the metal sur-
face region between slits. The total current can be regarded
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as the superposition of currents emanating from the slits, and
its waveform can be described by an equation. The informa-
tion inferred from this study may be useful in preparing sub-
wavelength metal multi-slit structures for experiments.

2. Model and method

The structural model is depicted in Fig. 1. The metal film
is an ideal conductor, and extends infinitely in the xy plane,
with thickness w along the z direction. There are N identi-
cal slits equally spaced along the x direction. The width of
each slit is a, and the slit length is equal to the film’s thick-
ness w. The spacing between adjacent slits is denoted as b.
A monochromatic plane wave with frequency  is vertically
incident on the metal film along the z direction, with its mag-
netic field parallel to the y axis. Maxwell’s equation can be
separated into two parts,[!] one with the electric field parallel
to the y axis, describing s-polarized light, and the other with
the magnetic field parallel to the y axis, i.e. p-polarized waves.
In the following, we consider the case of the p-polarization,
i.e., TM waves. Maxwell’s equation reads

2 ®’
V<H,(r)+ C—zHy(r) =0, (1)

where H,(r) is the component of the magnetic field along the
y direction, and r = (x,z). The magnetic fields in regions I and
IIT are expressed by

+oo

H) (r)=H™ (r)+ | _ dkp(Kexpli(ke—k2)] ()

and

~+oo
H' (r) = dkt (k) exp i (kx+k.z)], 3)
respectively, where Hyinc(r) = exp(ikoz) represents the inci-
dent field, ko is the incident wave vector, and p(k) and T(k)
are the reflection coefficient and the transmission coefficient,

respectively.
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Fig. 1. Metal multi-slit structure consisting of subwavelength slits.

The magnetic field in the p-th slit in region II can be writ-

ten as!29-30]

oo

HY (1) = Y [Anexp (iBnz) + Buexp (—iBu2)]| @pm(x), (4)

m=0

where B, = /k3€ — (mm/a)* and € = 1. The wave function

@, (x) is derived by solving Eq. (1) using the boundary con-
ditions for the slit, and expressed as

2 mm a
D, (x) = umcosj {x—kz —p(a—i—b)},

p(a+b)—g§x§p(a+b)+% m=1,23,..., (5
p=-(N-1)/2,=(N=3)/2,...,(N=3)/2,(N-1)/2,
Do) = = ©

Under the boundary conditions for the magnetic and electric

fields at z = 0 and z = w, the reflection and transmission ampli-
tudes A,, and B,, in the slits are solved from the simultaneous
linear equations. More conveniently, two sets of quantities are
defined by A,, and B,, as

EI_L
’”_koe

ﬁm (Am - Bm) (7)
and

1
E,,Cf = ko—eﬁm [Anexp (iBuw) — Bmexp (—ifnw)]. )

Therefore, the reflection and transmission coefficients can be

written as
p(k) = (k) ;OE,‘,,smw), ©)
and i
T(k) = exp(—ik,w) iOE,(,)lSm(k), (10)

respectively, where

- J12 dxyy (x) e 70

Sﬂ’l -
21y /1 K2 /K3

Here the set of eigenfunctions of the multi-slit structure is

Y

more complicated than the single-slit case.!*!

Upon substitution of Eqgs. (9) and (10) into Egs. (2) and
(3), the simultaneous linear equations for E} and EQ are
achieved as

(fm +gmm)ErIn + Z gmm’E;In/ +gan,‘f, = Im (12)

m'#£m
and
(fnt@mm)Eg+ Y, 8umEgy +8nEn =0, (13)
m'#m
where
fn = ko€ exp(iBnW) +exp(ifnW)
" B exp(—ifnW) —exp(iBaW)
k
= % cot(B), (14)
iBu
v ko€ 2
Em =

T B exp(ifuW) —exp(—iBuW)
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ko€
=-— 0 15
iB,sinB,W’ (15)
+o0 +oo
G = / dx b, (x) / dkSy (k) exp(iky),  (16)
and
o0
I, =2 / dx®p(x) = 2/Nadyo. a7)
The transmissivity is defined as
r—ty-1 /+°°d Re {[E*(r) x H(r)].}
= — = — X
Na™*  Na/J-w <
1 - «
= yoRe Y EYEDgmn (18)

m,n=0

Since a perfect metal is assumed, the electromagnetic
waves cannot enter the metal. That is to say, the thickness of
the surface current is zero. It is equivalent to having an infinite
real positive dielectric constant. Therefore, the above fomula
is applicable to any light wavelength.

3. Results and discussion
3.1. Double-slit structure

We first consider a double-slit as the simplest case in
multi-slit structures.

A=4.5 mm, b=>5 mm

B(0.075, 0.23)
0 0.5 1.0 1.5 2.0

a/mm
201 (¢ D
& 10]
0
4.5 5.0 5.5 6.0
A/mm

Fig. 2. Curves of transmissivity versus a for single-slit (solid line) and
double-slit (dashed line) structures of film thickness w = 28.2 mm at (a)
A =4.725 mm and (b) A = 4.5 mm, with the spacing between slits of
the double-slit structure being S mm. (c) Curve of transmissivity versus
A at a = 0.075 mm for a single-slit structure. Point A in panel (a) and
point B in panel (b) are located on solid lines, and the corresponding
wavelengths are marked by D and C, respectively, in Fig. 2(c).

Figure 2 shows the curves of the transmissivity as a func-
tion of slit width and light wavelength. When the slit width in-
creases, the transmissivity first increases and then decreases as
shown in Figs. 2(a) and 2(b). From the figure, it is evident that

SPP acts as either enhancing or depressing the transmission
of light through a sub-wavelength slit. When the slit width is
fixed, the peak transmissivity occurs at particular wavelengths,
as seen in Fig. 2(c).

The transmissivity varies remarkably with wavelength as
shown by Points C and D in Fig. 2(c). It is well known that the
EOT through a sub-wavelength slit is closely related to the FP
interference of SPPs within the slit. For a fixed slit structure,
transmissivity peaks will appear at particular wavelengths as
shown in Fig. 2(c). Conversely, for a given wavelength, there
will be only one transmissivity peak as a function of slit width
as shown in Figs. 2(a) and 2(b).

Figure 3 shows the curves of T versus b for several slit
numbers while other parameters are fixed. The horizontal solid
line represents the transmissivity of a single-slit structure. The
dashed line is that of a double-slit structure, and it oscillates
periodically. The first four peaks appear at about b = 2.81,
7.54, 12.27, and 17.00 mm, respectively, showing that the pe-
riod simply equals the wavelength, A = 4.73 mm. Clearly,
there is an interaction between the two slits, which is dimin-
ished as the spacing increases. This manifests the fact that as
the spacing between the two slits increases, the transmissivity
of the double-slit structure approaches that of the single-slit
structure. Also note that the higher the transmissivity peak,
the lower the values of the nearest minima are.
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Fig. 3. Curves of transmissivity versus slit spacing b for multi-slits. Pa-
rameters are @ = 0.075 mm, w = 28.2 mm, A = 4.725 mm. Inset shows
transmissivity maxima (solid circles) and minima (open circles) each as
a function of slit spacing b.

The interaction between the slits can be more clearly un-
derstood by considering the surface current between them.
This surface current is driven by electromagnetic waves and
radiates energy into space, and this radiation loss increases
when the slit spacing is extended. In a real metal, such
a surface current penetrates the metal somewhat, in accor-
dance with the skin effect, so that the current exists within
some thickness in the metal.?!! Therefore, an additional en-
ergy drain is present by the Joule effect in addition to the ra-
diation loss. In the present model, however, the metal is re-
garded as being ideal, so that the surface current is within a
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zero-width layer and there is only the radiation loss in action.
The attenuation in an ideal metal is always less than that in
a real metal. The decrease of transmissivity peak associated
with the increase of slit spacing (Fig. 3) is solely the result of
electromagnetic wave emission from the metal surface.

The dashed curve exhibits minima at particular slit spac-
ings, e.g., a position close to b =5 mm. At these spacings,
interference between slits reduces the transmissivity. From
Fig. 2(a) it follows that the transmissivity of the double-slit
structure is smaller than that of the single-slit structure when
the parameter a exceeds a certain value, because the slit spac-
ing and wavelength used in Fig. 2(a) are near their minima for
the dashed line in Fig. 3.

The peak and valley values of the transmissivity in Fig. 3
are denoted by Tax and Ty, respectively. The inset of Fig. 3
shows the curves of Tiax and Ty, versus b. The two dashed
curves descend and ascend exponentially, and each of them
has a good fitting to the curves described by

Tinax = Tnaroe ™"/ +c1, (19)

and
Tinin = Trinoe ™"/ + 3. (20)
The parameters in these expressions are listed in Table 1.

Table 1. Parameters in Egs. (19) and (20) at several values of slit num-

ber N.
N Tmax0 Tmino o o 1 &
2 18.34 -4.30 0.21 0.10 23.37 17.95
5 23.65 -7.68 0.20 0.10 24.61 14.88
20 36.58 -10.14 0.22 0.08 25.32 9.79
100 40.76 -6.46 0.23 0.03 25.60 6.25

3.2. Coupling effect between slits

Figures 4(a) and 4(b) show the distributions of magnetic
fields between the two slits. The current in the metal surface
between the slits is proportional to the magnetic field value.
Therefore, figure 4 also illustrates the distribution of surface
current densities. Stimulated currents occur at each slit and
propagate outwardly along the metal surface. The current be-
tween the slits oscillates periodically, since it is produced by
an alternating magnetic field. The oscillation period number
between adjacent slits is determined by the ratio of 5/A. For
example, in Fig. 4(a), the period numbers of the solid and
dashed lines are less than 1 since their b/A < 1, and the period
number of the dotted line is greater than 1 since its 5/A > 1; in
Fig. 4(b), the period numbers of the solid and dashed lines are
between 4 and 5 since their b/A values are between 4 and 5,
and the period number of the dotted line is greater than 5 since
its b/A > 5. Due to structural symmetry, the waves generated
by the two slits are symmetric with respect to the central line of

the structure, and so is the superimposed waveform. Because
of radiation loss, the amplitude decays with the distance from
each of the two sides. As the spacing between slits increases,
the amplitude of the entire waveform decreases.

As can be seen in Fig. 4(a), between the two slits, there is
only one minimum but no maximum for the solid line. Two
minima and one maximum appear on the dotted line. The
solid line corresponds to the position ¥ = 3 mm on the dashed
line in Fig. 3, while the dotted line in Fig. 4(a) corresponds
to the minimum for the position » = 5 mm at the dashed line
in Fig. 3, just beside » = 3 mm. In Fig. 4(a), as the spac-
ing between slits increases, the oscillating current in the metal
surface between adjacent slits exhibits another maximum and
minimum, i.e., an additional period appears. The curves in
Fig. 4(b) demonstrate the same sort of phenomenon.

Figures 4(a) and 4(b) show the results of perfect metal.
To compare the results of real metals, we simulate the distri-
bution of magnetic fields at the surface of silver for an N =2
structure by use of the finite-difference time-domain (FDTD)
method.”®! The dielectric constant of Ag corresponding to
light wavelength is taken from Ref. [28]. The result is shown
in Fig. 4(c). There are some differences between the ideal
and real metals. For example, there is a finite thickness for an
electromagnetic wave to enter the real metal, and the magnetic
field on the real metal surface is not simply the electric current
in the surface. However, it is seen by comparing Fig. 4(b) with
Fig. 4(c) that the magnetization distributions on the surfaces
of ideal and real metals are the same in essence.

Figures 4(a) and 4(b) display that the number of oscilla-
tion periods of the current between slits increases as spacing
augments. The current between slits is always symmetric with
respect to the center, and reaches the maximum on the slit cor-
ner. Thus, it is deduced that the current is the superposition of
attenuating waves emanating from the edges of the slit open-
ings on both sides. For the surface region of the metal film
between the slits we can write a simple expression to describe
the waveform. One slit emits a cosine wave with an amplitude
that is exponentially attenuated with distance, and the cosine
wave is given as

j=joe*/Tcos(gx+ @). 21

Given the symmetry of the double-slit structure, the magnetic
field curves between the slits in Figs. 4(a) and 4(b) can be fitted
by

j= jo[ex/ycos(qur o)+ e_"/ycos(qx —0)], (22)

where
—b/2 <x<Db/2.

Some fitting parameter values for this expression are listed in
Table 2.
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(d) N=5,b=20 mm
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z/pm

—42 —36 —30 —24

z/mm

Fig. 4. Distributions of magnetic fields in front metal surface between the first and second slits when A = 4.725 mm, a = 0.075 mm,
w =28.2 mm. (a) Ideal metal. N =2, b =3, 4, 5 mm; (b) Ideal metal. N =2, b =22, 23, 24 mm; (c) Real metal. N =2, A = 0.8 um,
a=0.1 um, w=0.1 pm, b =4 pum; (d) Ideal metal. N =5, b =20 mm. The larger open circles mark the location on the corner of
the slit opening. In panels (a) and (b), the fitting curves are identical to the curves here so they are not plotted. In panel (d) the small
open circles represent the calculated results and the solid line refers to the fitting curve.

Table 2. Parameters in Eq. (22) at several slit spacings.

bimm Jo q 14 ?
3 1.78 0.6 0.90 4.03
4 0.72 0.24 0.78 4.33
5 0.07 1.88 0.89 0.24
22 0.26 1.30 6.96 3.07
23 0.07 1.29 4.54 2.66
24 0.05 1.46 4.08 6.11

We have used jj to denote the maximum value of mag-
netic field on the slit corner. The attenuation parameter y does
not increase monotonically with the increase of slit spacing,
because a particular spacing corresponds to a specific number
of oscillation periods. The parameter ¥ drops when the spac-
ing b varies from 3 mm to 4 mm, but then rises again when b
increases from 4 mm to 5 mm.

Figure 5 shows the plots of T versus w at fixed slit widths
and wavelengths. The transmissivity varies periodically with
film thickness increasing, where the period is half the incident
wavelength. The resonance positions and peak values of trans-
missivities occur at the same thickness w for the single- and
double-slit structures. Since the transmissivities are different
between the two structures (Fig. 3), we may deduce that the
spacing between slits merely influences the value of the trans-
missivity, but has no effect on the position of the transmissivity
peak. The coupling between slits is merely due to the action

of two surface currents on the back and front surfaces of the

film, and is not influenced by the length of a single slit. This
is because the resonance position is determined by the FP res-
onance in the slit. The particular spacing between slits can
either enhance or reduce this coupling. Radiation loss in the

slit contributes to transmission without affecting transmissiv-

ity.

(a) N=1, a=0.075 mm

OO

:_ JlJUUILOJLJUULQQUUUL

30

w/mm

Fig. 5. Transmissivities of (a) single-slit and (b) double-slit structures
each as a function of metal film thickness w. The wavelength and slit
width are A = 4.725 mm and a = 0.075 mm, respectively.

3.3. Multi-slit structure

With a knowledge of the details of the transmissivity of
the double-slit structure, it is easy to understand the case of a

multi-slit structure. Figure 3 shows how the transmissivities
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vary with slit spacing for multi-slit structures with various slit
numbers when A = 4.725 mm.

Fix slit width and film thickness, then the transmissivity
of a multi-slit structure will periodically oscillate and attenuate
with the increase of slit spacing. The period is just the wave-
length A, independent of slit number. As the slit spacing in-
creases, the transmissivity of a multi-slit structure approaches
that of the single-slit structure. This indicates that the interac-
tion between slits decreases, and for large spacings, slits will
act nearly independently.

Evidently, the positions of the transmissivity extremum in
the transmission curve for the multi-slit structure deviate from
those of the two-slit structure, reflecting their structural dis-
crepancies. As the slit number increases, the environment sur-
rounding each slit changes, which affects EOT by the change
in resonance position; what is more, the transmission curve
is steeper for a larger number of slits, i.e., the transmissivity
maximum becomes higher and the minimum becomes lower.
When N is sufficiently large, the minimum transmissivity val-
ues can even become zero. For films with a greater number
of slits, the coupling between all slits is enhanced even up to
the point of total loss of transmissivity. The coupling between
slits is related to the slit number, which reflects the effects of
second adjacent and farther slits.

The maximum and minimum values in the transmissivity
curves in Fig. 3 are plotted in the inset of that figure. All the
descending curves in the inset can be fitted by Eq. (19) and
all the ascending curves by Eq. (20). The fitting parameters
are listed in Table 1. It is seen in Table 1 that Tiyax0, ¢1, and
c¢p vary monotonically with N, while the other three parame-
ters do not. In a multi-slit structure, the interaction between
additional slits adds complexity beyond what is found for the
double-slit structure. As a consequence, the coefficients do not
necessarily vary monotonically.

The transmissivity of multi-slit structures varies periodi-
cally with film thickness where the period is half the incident
wavelength, exactly the same as the cases of single-slit and
double-slit structures shown in Fig. 5, so they are not shown.
It is inferred that the period of transmissivity variation as a
function of slit spacing and film thickness is uniquely deter-
mined by the wavelength of the incident light. The transmis-
sivity does not attenuate with film thickness increasing in the
case of ideal conductors.

The open circles in Fig. 4(d) demonstrate the distribution
of magnetic field between the first and second slits when N =5
and b = 20 mm. All five slits, but for the central one, are

not subject to symmetry. The solid line in Fig. 4(d) is a fitted

curve, derived from the expression
J = joe T cos(g) (x+x0) + 1)
+ja0e 0/ 2 cos(ga (xFx0) — @2),  (23)
where —b/2 < x < b/2, xo =33.11,
Jj10 =0.46,
J20 = 0.47,

a1 =46.44, g1 =12, @ =89.65,
a=191.39, ¢ =12, ¢ =89.61.

These parameters imply that the major cause of the asym-
metry in the waveform in Fig. 4(d) is related to the difference
in attenuation between the two components of the currents,
i.e., a; and a, are different. On the other hand, the amplitudes,
oscillation periods, and phases of these two current compo-
nents are nearly the same, independent of the number of slits
in the structure. The current between any two adjacent slits
can be regarded as the superposition of two attenuating cosine
waves, propagating in opposite directions. When the com-
ponent currents propagate along the metal surface, they radi-
ate electromagnetic waves into space, resulting in energy loss.
Therefore, the amplitude of the waveform in Fig. 4(d) in the

central position is lowest.

b/mm
—a—3
—— 4
—A— 5
—0—23

0 10 20 30
N

Fig. 6. T versus N at six b values with w = 28.2 mm, a = 0.075 mm,
and A = 4.725 mm. The solid lines are guides to the eyes.
Figure 6 shows plots of T versus N for several values of
b with w = 28.2 mm, a = 0.075 mm, and A = 4.725 mm.
The three values of b = 3, 4, and 5 mm roughly correspond
to a peak, medium and minimum transmissivity, respectively,
of the curves in Fig. 3. It is remarkable that the transmis-
sivity varies in three ways. When b = 5 mm, the transmis-
sivity decreases with slit number increasing and eventually
reaches a constant for large N. In this case, destructive in-
terference between slits reduces the transmissivity. As N in-
creases, the transmissivity decreases rapidly for low N, and
then slowly with higher slit number. When N is small, the in-
teraction between additional slits greatly affects transmissiv-
ity, while for large N, the multi-slit metal structure resembles
a grating structure, with the transmissivity reaching a constant.
When b = 3 mm, the transmissivity of the multi-slit structure

exceeds that of a single-slit structure, and the transmissivity
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curve slightly oscillates with N increasing and approaches a
constant for large N. This indicates that constructive inter-
ference between slits enhances the transmissivity. When N is
small, the environment near any slit is unique, and each ad-
ditional slit greatly affects the transmissivity of all other slits,
resulting in the slight oscillation of the overall transmissiv-
ity. Finally, when b = 4 mm, the transmissivity periodically
oscillates with N and also approaches a constant. At this spac-
ing, interference between slits does not particularly enhance
or depress the transmissivity. Similar to the solid symbols for
b =3, 4, and 5 mm, the peaks, median values, and valleys of
the transmissivity appear at b = 22, 23, and 24 mm, respec-
tively, in Fig. 3, and are depicted by open symbols in Fig. 6.
This figure again reflects the fact that the greater spacing be-
tween slits results in transmissivity that is closer to that of the
single-slit structure.

Finally, a discussion about the difference between the
multi-slit structures studied in this paper and traditional grat-
ings is carried out. For traditional gratings, far-field detection
is important, wherein the light arriving at a detector may be
considered as a plane wave. At any observing point in the far
field, light consists of the superposition of plane waves with
fixed phase differences, which are determined by the observa-
tion angle. Therefore, the effects of destructive and construc-
tive interference will appear on an observing screen. On the
contrary, in this paper we present a study of the distribution of
near-field light, where the observation point is just in the back
surface of a metal film, or at the end of a slit. Therefore, the
light waves at the observing point cannot be regarded as the
superposition of plane waves, and the concepts of fixed phase
and interference do not apply to such a scenario. Although
figure 3 depicts peaks and valleys in the transmissivity curves,
they do not belong in the interference phenomena related to

gratings that are commonly mentioned in textbooks.

4. Conclusion

We investigated the transmittance properties of multi-slit
metal structures, and the variation of the transmissivity as a
function of slit width, slit spacing, slit length, and the num-
ber of slits. We first performed a detailed comparison of the
transmissivity between single-slit and double-slit structures,
and subsequently between double-slit and multi-slit structures.
Finally, we described the dependence of transmissivity on the
number of slits in a metal film. The following conclusions are
drawn.

The transmissivity varies in an oscillating way as a func-

tion of slit spacing as well as the slit length. The oscillation

period is determined by the incident light wavelength.

The peak value of the transmissivity decreases as the slit
spacing increases. The attenuation is independent of the film
thickness in the present case, since energy is not dissipated
in an ideal conductor. As the slit spacing increases, the en-
ergy loss caused by the currents in the metal surface lowers
the transmissivity.

In the metal surface between the corners of the adjacent
two slits, electric currents are distributed in the way described
by a cosine function, consisting of two wave components emit-
ted from each of the corners, both exponentially decaying with
distance from the corner. The current reaches a maximum at
the slit corner, and attenuates near the center of the region be-
tween slits. The simulation results of the surface magnetic
field of a two-slit structure made of real metal show the same
feature.

The variation of transmissivity as a function of the num-
ber of slits is closely related to the slit spacing, and can take
place in three possible forms: a) it decreases with number of
metal slits increasing, b) it augments with the number of metal
slits increasing, with slight oscillations, or c) it periodically
oscillates with an increasing number of metal slits.

To summarize, the transmissivity of a multi-slit structure
can be modified by adjusting slit spacing and the number of

slits that make up the arrangement.
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