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Optical total reflection and transmission with mode control in a
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We report a polarization dependent reflection phenomenon beyond the normal incidence with a subwavelength
nanorod chain. Light waves of the transverse electric mode will be totally reflected while those of the transverse magnetic
mode will transmit through. The total reflection or transmission phenomenon can be seen as a constructive or destructive
interference of the incident field with the transverse mode field of the chain. With the low-loss feature and the ultra-compact
characteristic, this structure may find applications in photonic circuits.
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1. Introduction

Reflectors have drawn wide attention due to many appli-
cations in imaging, solar energy collection, laser cavities, etc.
Metallic mirrors are used to reflect light over a broad range of
frequencies. However, they suffer from high material absorp-
tion loss in both infrared and visible light regions, which may
severely limit the performance of the reflector-based devices.
To avoid the metallic loss, much effort has been devoted to the
research of total or anomalous reflection based on all-dielectric
structures, such as the conventional distributed Bragg reflec-
tors (DBRs), bandgap-based photonic crystals,[1–5] and reso-
nant gratings.[6] However, the scale issue (too large in size)
due to the periodicity or the frequency issue (too narrow in
frequency) due to the resonance effect is inevitable.

The developments in rod synthesis and the physical char-
acterization of nanostructures have enabled the investigation
of the optical properties of single nanoparticles and ordered
arrays of closely spaced nanoparticles.[7–9] The properties
of the structures have found many applications in physics
and engineering, including light energy transfer,[10,11] light
generation,[12,13] optical sensing and detection,[14] and nonlin-
ear optics.[15,16] A large number of papers have reported the
electromagnetic energy transport with the longitudinal mode
which is parallel to the chain axis and the transverse mode
which is perpendicular to the chain axis.[17–19] When illumi-

nated in oblique incidence, the symmetric and antisymmetric

mode balancing can induce a strong enhancement of the near-

field intensity in nano antennas composed of nanorods.[20]

Those works provide us a deep insight of the extraordinary

properties of the nanorod chain.

Recently, we reported a negative transmission phe-

nomenon with the controlled longitudinal (L) and transverse

(T) modes.[21] With an elaborately designed structure, the two

excited modes in the chain resulted in a finite vortex of energy

flow in each rod, which finally left the 1st order transmission

in the negative direction. The aim of this paper is to theoret-

ically study the total reflection or transmission phenomenon

where the L and T modes are sustained by an all-dielectric

subwavelength-nanorod chain. When a plane wave strikes on

the chain, both L and T modes are excited and exhibit differ-

ent effects on the near-field and far-field intensities. The total

reflection or transmission phenomenon in the far-field region

can be seen as the destructive or constructive interference of

the T mode field with the incident field. In addition, we will

show that our reflector is ultra compact, broadband, and can

totally reflect the polarized light beyond the normal incidence.

The dependences of the behavior on the dielectric rod size, the

interparticle spacing, and the incident angle of light will also

be discussed.
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2. Model and results

Let us start with the total reflection and transmission phe-

nomenon. For simplicity, we consider the two-dimensional

case with infinite height. An array of rods are arranged along

the x direction, the separation between the adjacent particles is

a0 = 445 nm. The nanorods are made of GaN, whose real part

of index (nGaN) is about 2.5 in the blue light region, and the

imaginary part is neglected. The surrounding medium is as-

sumed to be air (nair = 1). The radius of the rod is r = 125 nm.

Figure 1(a) shows the magnetic (H) field intensity pattern of

the transverse electric (with the H field along the y direc-

tion) mode at wavelength λ = 480 nm, which is calculated

by the multiple scattering theory.[22] The incident wave vector

is marked by the white arrow. Notice that most of the light

waves towards the z direction are reflected back by the layer

of nanorods. In Fig. 1(b), we present the reflectivity of the

transverse electric (TE) mode in the blue light region. For

comparison, the reflectivity of a typical Ag film is also pre-

sented. In practical applications, GaN-based light emitting

diodes (LEDs) are widely used, however the light extraction

efficiency (LEE) is not sufficiently high because of the trap-

ping of light inside the semiconductor.[23] One method to im-

prove the LEE is depositing a silver film on the bottom of the

LED. The reflection of the silver film results in more light be-

ing extracted from the top of the device. However, due to the

metallic material absorption loss, the reflectivity of the typical

Ag film is no more than 95%. With the rod array we can obtain

an obviously higher reflectivity with the same semiconductor

material. On the contrary, we obtain an almost opposite reflec-

tion effect for the other polarized wave, as shown in the bottom

panel of Fig. 1(b). The transverse magnetic (TM) mode waves

are completely separated with the TE mode waves, and the re-

flectivity is less than 5% from 450 nm to 500 nm. The different

reflectivities for different polarized waves indicate the poten-

tial application for polarization suppression in light sources.

For studying the underlying physics of the total reflec-

tion or transmission phenomenon, the scattered fields of the

L and T modes are presented in Fig. 2 when the chain is ex-

cited with a plane wave. The array made up of the nanorods

supports two different modes: the transverse mode with the

dipole moments oriented perpendicular to the chain axis, and

the longitudinal mode with the dipole moments aligned with

the chain axis.[17–19] Figure 2(b) shows that the scattered field

of the L mode is an evanescent mode and decays along the z

direction, which affects the near-field distribution most, while

the T mode is a propagating mode which affects the far-field

distribution most, as shown in Fig. 2(c). In Fig. 2(i), the field

distribution in the far-field region along x = 0 is plotted for the

incident field, scattered fields of L and T modes, and the total

field (composed of the scattered fields of L and T modes and

the incident field). Notice that the scattered field of the L mode

is almost 0 in the far-field region and the total field mainly

depends on the incident field and the scattered field of the T

mode. In other words, the superposition of the incident field

and the scattered field of the T mode forms the total reflection

phenomenon as shown in Fig. 2(d). Similarly, for another po-

larization, one can notice from Fig. 2(j) that the scattered field

of the L mode is almost 0 in the far-field transmission region,

while the field of the T mode mostly concentrates on the trans-

mission region. A total transmission phenomenon as shown

in Fig. 2(h) can be obtained as a superposition of the inci-

dent field and the scattered field of the T mode. Thus we can

conclude that the total reflection or transmission phenomenon

originates from the constructive or destructive interference of

the T mode field with the incident wave.

x/nm

z
/
n
m

-600 -200 200 600
-800

-400

0

400

800

0

2

4

6

8

TE
TM
Ag film

(b)

(a)

k

E

.

.

.

.

.

.



  

Wavelength/nm

R
e
fl
e
c
ti
v
it
y

H

Fig. 1. (color online) (a) Distribution of H field intensity when a TE
mode plane wave strikes on an array of nanorods in the x direction with
radius r = 125 nm. (b)Reflectivity in the blue light region.
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Fig. 2. (color online) TE waves: (a) the contour of Hy field distribution of the incident plane wave, the scattered fields of (b) L mode
and (c) T mode, (d) the total field distribution. TM waves: (e) the contour of Ey field distribution of the incident plane wave, the
scattered fields of (f) L mode and (g) T mode, (h) the total field distribution. The incident field, scattered fields of T and L modes, and
total field distribution along x = 0 for (i) TE wave and (j) TM wave.

3. Analysis and discussion

Now we proceed to a rigorous calculation of the trans-

missivity and reflectivity by using the multiple scattering

theory.[22] For simplicity, we consider a two-dimensional case

with an array of nanorods. The nanorods are arrayed in the x

direction with the l-th rod located at Rl = la0𝑒x. For transverse

electric waves, with the magnetic (H) field polarized along the

axis of the rod, the incoming and scattered H fields of rod l are

expanded as

H l
i =

+∞

∑
n=−∞

in p(l)n Jn(kbrl)e inφl , (1)

H l
s =

+∞

∑
n=−∞

ina(l)n H(1)
n (kbrl)e inφl , (2)

where rl = r−Rl = rl(sinφl𝑒x+cosφl𝑒y), p(l)n = e−inθi e ikbRl ,
Jn and H(1)

n are the n-th order Bessel function and the Han-
kel function of the first kind, respectively, and kb is the wave
vector of the incident plane wave. By Floquet’s theorem,
a(l)n = a(0)n e ikxla0 with kx = kb sinθi. A linear set of equations
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can be obtained and solved for a(0)n . The reflected field is then
given in terms of diffracted waves of different orders υ

Hr(r) = ∑
υ

rυ e i(kυ x−βυ y), (3)

with

rυ =
2
a0

1
βυ

+∞

∑
n=−∞

ina(0)n (kυ − iβυ)
n

kn
b

. (4)

Here βυ =
√

k2
b− k2

υ for k2
b ≥ k2

υ and βυ = i
√

k2
υ − k2

b for

k2
b < k2

υ , with kυ = kx + gυ and gυ = 2υπ/a0. Similary, one
has the transmitted field

Ht(r) = ∑
υ

tυ e i(kυ x+βυ y), (5)

with

tυ = t ′υ +δυ0,

t ′υ =
2
a0

1
βυ

+∞

∑
n=−∞

ina(0)n (kυ + iβυ)
n

kn
b

. (6)

From Eqs. (4) and (6), we can obtain the reflectivity Rυ =|
rυ |2 and transmissivity Tυ =| tυ |2 of different order diffrac-
tion. Meanwhile, the direction of different order diffraction is
still determined by the classical grating.
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Fig. 3. (color online) The contours of reflectivity versus wavelength and
incident angle for (a) TE mode and (b) TM mode. The total reflection
and transmission regions are marked with the black arrows.

In most practical cases, the total reflection for the normal
incidence is not useful. For our structure, the polarization de-
pendent reflection phenomenon is not limited to the normal
incidence case. We now consider the oblique incidence case
with a small incident angle. The contours of reflectivity ver-
sus wavelength and incident angle for the TE and TM modes
are presented in Figs. 3(a) and 3(b), respectively. The work-
ing regions of our structure are marked with the black arrows,
corresponding to the total reflection and total transmission, re-
spectively. Notice that the anomalous reflection phenomenon

is not limited to the normal incidence, but within a certain
incident angle range. The results illustrate that even for the
oblique incidence, the high reflectivity and good polarization
control can be obtained, providing a certain degree of angular
tolerance for the reflector.

To give a clear design principle, we consider the struc-
ture with period T = 445 nm. The contours of reflectivity
versus the radius of the rod and the incident wavelength are
presented in Fig. 4. We pay our attention to the total reflec-
tion or transmission region for both modes, and the overlap
region will be valuable to achieve specific applications. In our
case, we choose region A (marked with the white arrow) in
Fig. 4(a) to achieve a broadband reflection, while a total trans-
mission for the TM mode is shown in the corresponding re-
gion of Fig. 4(b). By using region B, the TE waves will pass
through while the TM waves are reflected back. Similarly, we
can achieve the total reflection or transmission for both modes
by choosing the working region appropriately.
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Fig. 4. (color online) The contours of reflectivity versus the radius of
rod and the incident wavelength for (a) TE mode and (b) TM mode.

In addition, we can observe a clear boundary at wave-
length λ = 445 nm. The broadband total reflection or trans-
mission regions are mainly distributed above the boundary.
The scattered fields of different diffraction orders are given
by Eqs. (3) and (5). In this case (normal incidence: θi = 0),
for the subwavelength structure ( λ > a0), only the 0-th or-
der diffraction is propagating (β0 is real), while the first, the
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second, and the higher orders are all evanescent (β0, β1, etc
are imaginary).[24] High reflectivity can be achieved in such a
structure by merely suppressing the 0-th transmissive diffrac-
tion order (i.e., t0 = 0). If there were more than one trans-
mitted and reflected diffraction orders (i.e., when λ < a0), ob-
taining high reflectivity (|r0|2 ∼ 1) through the cancelation of
multiple orders (t0 = 0, t1 = 0, t2 = 0, etc) would be very dif-
ficult. Therefore, high reflectivity can be easily achieved be-
cause only the zeroth order diffraction needs to be suppressed
for the subwavelength structure. The boundary in Fig. 4 at
wavelength λ = 445 nm can be seen as the dividing line be-
tween the subwavelength structure and the ordinary structure.

In practical applications, a certain degree of size toler-
ance is necessary due to the imperfection of the fabrication
technology or other factors. We turn our attention to the tol-
erance of the structure. Figures 4(a) and 4(b) also show the
direct variation tendency of reflectivity with increasing ra-
dius. We notice that with increasing size of the nanorods, the
working wavelength moves towards the long wavelength for
both TE and TM modes. However, the broadband property
makes this structure a certain degree of immunity to the wave-
length moving. By assuming that the working wavelength is
at λ = 480 nm, the fabrication tolerance of the diameter of the
rod can be at least 10 nm.

4. Conclusion
To summarize, in this work, we present a wideband po-

larization dependent reflector with a subwavelength nanorod
chain. Compared with the previous work, this structure offers
an acceptable tolerance of incident angle and technical fabrica-
tion. With the compact characteristic and lossless material to
operate in the optical frequency, it may provide us an alterna-

tive way to design the optical components in photonic circuits.
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[12] Mazzitello K I, Mártin H O, Aldao C M and Roman H E 2004 J. Phys.

D: Appl. Phys. 37 668
[13] Laroche M, Albaladejo S, Carminati R and Sáenz J J 2007 Opt. Lett.
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