
25 April 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Plasmonic nanorods for enhanced absorption in mid-wavelength infrared detectors / Vallone, M.; Goano, M.; Tibaldi, A.;
Hanna, S.; Eich, D.; Wegmann, A.; Figgemeier, H.; Ghione, G.; Bertazzi, F.. - ELETTRONICO. - (2021), pp. 35-36.
(Intervento presentato al  convegno 2021 International Conference on Numerical Simulation of Optoelectronic Devices
(NUSOD) tenutosi a Turin, Italy nel 13-17 Settembre 2021) [10.1109/NUSOD52207.2021.9541514].

Original

Plasmonic nanorods for enhanced absorption in mid-wavelength infrared detectors

IEEE postprint/Author's Accepted Manuscript

Publisher:

Published
DOI:10.1109/NUSOD52207.2021.9541514

Terms of use:

Publisher copyright

©2021 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2929026 since: 2021-10-04T18:10:06Z

IEEE



Plasmonic nanorods for enhanced absorption in
mid-wavelength infrared detectors

M. Vallone∗, M. Goano∗†, A. Tibaldi∗†, S. Hanna‡, D. Eich‡, A. Wegmann‡, H. Figgemeier‡

G. Ghione∗, F. Bertazzi∗†,
∗ Dipartimento di Elettronica e Telecomunicazioni, Politecnico di Torino, corso Duca degli Abruzzi 24, 10129 Torino, Italy

‡ AIM Infrarot-Module GmbH, Theresienstraße 2, D-74072 Heilbronn, Germany
† IEIIT-CNR, corso Duca degli Abruzzi 24, 10129 Torino, Italy

E-mail: michele.goano@polito.it

Abstract—The absorption properties of HgCdTe-
based infrared detectors can be greatly increased in the
mid-infrared band, by incorporating nanostructured
plasmonic arrays on the illuminated detector face. The
array periodicity, combined with the excitation of sur-
face plasmon-polariton stationary modes, enhances the
absorption efficiency by a substantial amount, allowing
to reduce in turn the HgCdTe absorption thickness.

I. Introduction

Dark current originating from lattice defects, thermal
generation, radiative, and possibly tunneling processes
limit the otherwise ideal HgCdTe (or MCT) performance,
one of the most widely used materials for the fabrica-
tion of focal plane array (FPA) infrared (IR) detectors,
extensively employed in IR cameras for scientific, civilian
and defense purposes [1], [2]. Device cooling is an obvious
remedy, but cost and weight constraints on the final
product indicate the exactly opposite need. Immediate
and popular alternatives are unipolar barrier detectors or
fully depleted heterostructures [3], [4]. However, the former
require non-trivial composition and doping profiles, the
latter need high reverse bias to curtail dark current.

The reduction of the absorber thickness is surely helpful
to minimize the dark current [5]–[7], but this inevitably

Fig. 1. (a) 3D MWIR FPA single pixel with nanorods on the
illuminated face. The xz-cutplane at center pixel shows the epitaxial
structure, the doping profile, the CdTe passivation layer, and the
metallic bias contact. (b) One of the Λ-wide unit cells.

reduces also the detector quantum efficiency (QE). In this
regard, the adoption of periodic metallic nanostructures
deposited on the detector illuminated face can be a viable
solution [8]–[13] (see also Ref. [14] and references therein
for a recent review). The general concept, the compu-
tational approach, and preliminary modeling results on
MWIR (mid-wavelength IR, λ ∈ [3, 5]µm) detectors are
presented in Section II, whereas an outlook on ongoing
work is given in Section III.

II. Plasmonic nanorods for MWIR detectors

Central concept is a two-dimensional (2D), Λ-periodic
array of w-wide and t-long gold nanorods on the illumi-
nated face of a FPA, which consists of a p-doped, tabs-
thick, planar Hg0.7Cd0.3Te layer operating at T = 230K
(its cutoff wavelength is λc ≈ 4.5µm). Pixels with a 3µm
pitch [15] are defined simulating a ion implantation which
yields a n-p junction at ≈ 0.3µm from the bias contact,
and the illuminated face is located on the horizontal plane
z = 0 (see Fig. 1). The FPA is illuminated from below with
a monochromatic TE plane wave with electric field ampli-
tude E0 and wavevector along z. Convolutional perfectly
matched layer (CPML) absorbing boundary conditions
along z, and periodic boundary conditions (PBC) along
x and y allow to consider just one of the pixels. Exploiting
the periodicity of the structure, we can subdivide the
pixel into Λ-wide square unit cells, each containing one
of the nanorods. In these preliminary results, for the sake
of simplicity, passivation and metallic contact are not
included in the simulations, as it is shown in Fig. 1(b).
PBC along x and y allow to simulate an infinitely extended
2D cells repetition: thus, the electromagnetic solution for
one of the unit cells describes the whole pixel behavior.
The illumination triggers a collective surface plasmon-

polariton mode along the nanorod-MCT interface.
Its wavevector has a component in the horizontal
plane given by ksp(λ) = 2πneff(λ)/λ, where n2

eff =
ϵAuϵMCT/ (ϵAu + ϵMCT). The λ-dependent ϵAu and ϵMCT

are respectively the Au and MCT dielectric functions,
which have been defined as in Ref. [16], [17]. The Λ-
periodicity of the 2D nanorods distribution determines a



Fig. 2. For λ = 4µm, tabs = 1µm: (a) the Ez distribution with
nanorod (without it, of course it is Ez = 0); the absorbed photon
density rate Aopt, without (b) and with (b’) nanorod (w = 0.5µm);
(c) Aopt integrated on the MCT volume vs. w; (d) the spectral
absorption enhancement factor M , for w = 0.5µm.

Fig. 3. The spectral absorbed photon density rate Aopt integrated
on the MCT volume, without and with nanorods, for tabs = 1µm
(a) and 2µm (b).

resonance condition given by ksp(λ) = (2π/Λ) (px̂+ qŷ),
where p and q are integers and x̂, ŷ are unit vectors (see
Ref. [12] and references therein). As a first attempt, we
set Λ = 1µm, which determines first order resonance for
λ ≈ 3.5µm, i.e., inside the MWIR band.

The electromagnetic problem is solved by a full-wave
approach with Synopsys RSoft FullWAVE [18] according
to the Finite Difference Time Domain (FDTD) method
[19]. The nanorod length was fixed to t = 0.4µm, whereas
the optimal nanorod diameter w was chosen by means
of a series of three-dimensional FDTD simulations for

λ = 4µm (center of the MWIR band), varying w in the
interval [0,Λ] (we remark that w = 0 identifies a standard
absorber without nanorods). In Fig. 2 we show the effect
of the nanorod on the electric field component Ez of the
electromagnetic wave (a), and on the absorbed photon
density rate Aopt (panels b, b’), for λ = 4µm, tabs = 1µm,
and w = Λ/2, since this value maximizes the absorption
enhancement at MWIR center band, see Fig. 2(c). In
Fig. 2(d) we show the spectral absorption enhancement
factor M , still for w = Λ/2, whereas Fig. 3 shows the
spectral rate Aopt integrated on the MCT volume, without
and with nanorods, for tabs = 1µm (a) and 2µm (b). The
nanorods effect is more evident for the thinnest absorber
(see Fig. 3); moreover, Fig. 2(c) shows that a 1 µm thick
MCT absorber with w = Λ/2 nanorods provides higher
absorption than a 2.5µm thick MCT absorber without
nanorods (w = 0), making it unnecessary to consider
tabs > 1µm, to the potential benefit of reducing the dark
current and increasing the detectivity [1, Eq. (1)].

III. Conclusion and future work

The calculated values of M potentially allow to employ
thinner detectors, with great advantages in terms of dark
current and inter-pixel crosstalk. Better targeted Λ and
t optimizations are ongoing, in addition to multiphysics
simulations of the complete pixel including electrical trans-
port in order to quantify the effect of the nanorods on the
spectral QE, following the approach outlined in Refs. [7],
[13], [15], [20]–[22].
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