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Chapter

Challenges and Perspectives for
SIW Hybrid Structures Combining
Nanowires and Porous Templates
Vivien Van Kerckhoven, Luc Piraux and Isabelle Huynen

Abstract

The chapter presents a review of properties and applications of a particular category
of Substrate Integrated Waveguide (SIW) named NWSIW, for NanoWire-based
Substrate Integrated Waveguide. The NWSIW topology combines metallic nanowires
embedded in a porous template in order to form planar compact integrated waveguides;
nanowires selectively grown in the template are used for building the walls of the
waveguide, but also allow to achieve microwave functionalities such as filtering, isola-
tion. Through the chapter the comparison made with classical waveguides including
SIW will lead to a discussion on future perspectives and possible improvements of this
NWSIW topology. Their performances will be explained and illustrated with regards to
current state-of-the art, and based on results obtained at UCLouvain.

Keywords: SIW, porous template, metallic nanowires, microwaves, isolator, filter,
design, fabrication

1. Introduction

High-quality transmission lines become mandatory to fulfill the requirements of
the nowadays applications. Indeed, the constraints applied to microwave and
millimeter-wave circuits are continuously reviewed and increased: low cost, low con-
sumption, high density, high operational frequency, … At frequencies higher than
30 GHz, interferences, radiation and material losses prevent the use of conventional
microstrip and coplanar transmission lines. Within this context, the substrate inte-
grated waveguide (SIW) topology, introduced in [1], represents a promising perspec-
tive. This technology uses two rows of vertical metallic wires or metallized via holes
inserted throughout the substrate entire height to form a shielded line of rectangular
section, reducing subsequently radiation and conductor losses. The presence of walls
also prevents spurious crosstalk interferences between devices in a same circuit [2–4].

The two virtual walls have to be carefully placed to allow the appearance of the same
propagation modes as in a macroscopic rectangular waveguide. It is possible to integrate
various components in a same substrate, including passive or active devices, as well as
antennas. Different variations of the concept emerged for several functionalities (filter,
coupler, antenna power supply,… ) with applications up to 180 GHz, and in different
types of substrates (PCB, paper, polymers or alumina) [5, 6].
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Over the last decades also, the interactions between nanowires embedded in
porous templates and microwave signals have been intensively studied and exploited
to create planar monolithic devices. Both the permeability and permittivity of the
template filled with nanowires can be modulated in order to create various microwave
and millimeter-wave components. The advantages of microwave devices based on
nanowires compared to classical components are manifold: wide range of operating
frequencies, temperature stability, monolithic integration into a single substrate and
possible miniaturization. Moreover, compared to classical ferrites, ferromagnetic
nanowire arrays display higher saturation magnetization and ferromagnetic resonance
(FMR) frequencies as well as high operation frequencies at remanence due to their
large aspect ratio.

Thanks to those properties, noise suppressors [7], absorbers [8, 9], inductors [10],
or filters based on electromagnetic bandgap effect [11] have been developed, together
with non-reciprocal devices, such as phase shifters [12], isolators [13] and circulators
[14]. More recently slow-wave transmission lines were designed exploiting the high
permittivity of metallic nanowire arrays [15], while a filter was designed using the
double ferromagnetic resonance effect in magnetic nanowires [16]. The reported
devices use microstrip or coplanar waveguide topologies combined with different
ferromagnetic materials for the nanowires.

Given the respective advantages of nanowires and SIW [17–19], using nanowires
to conceive Substrate Integrated Waveguide (SIW) devices is an interesting alterna-
tive. The basic idea underlying this concept is to use metallic nanowire arrays
electrodeposited into a porous template to form the waveguide walls. With two
copper layers deposited onto the template’s both faces, a simple rectangular wave-
guide is created, denoted NWSIW for nanowire-based substrate integrated wave-
guide. To achieve different microwave functionalities, various nanowire arrays can be
added inside the cavity of the NWSIW, combining different heights, shapes and
materials (magnetic or not).

Concepts presented in this chapter are widely inspired by the work of Van
Kerckhoven et al. [17–22]. The chapter is organized as follows; Section 2 introduces
the Nanowired-based Substrate Integrated Waveguide (NWSIW) topology and com-
pares it with the classical SIW and metallic rectangular waveguide (MRW) geome-
tries. Section 3 details the design features of the NWSIW, while Section 4 discusses
fabrication techniques. Section 5 presents some experimental realizations of micro-
wave devices based on NWSIW topology, while Section 6 discusses challenges and
perspectives of this new technology.

2. Geometries in presence

Figure 1 shows the transformation of a classical metallic rectangular waveguide
(MRW) into an SIW, next into a NWSIW.

The MRW is formed by the assembly of four metallic plates acting as perfect
electric conductors and forming a hollow metallic pipe of rectangular section for the
guidance of electromagnetic waves.

The SIW has a fully planar thin topology since it bases on planar dielectric sub-
strates commonly used for the fabrication of RF and microwave devices and circuits.
The top and bottom faces of the substrate are covered by a metallic clad typically 17 or
35 μm-thick, as available for commercial copper clad laminates (CCL). These layers
form the top and bottom walls of the waveguide. Lateral walls are obtained by
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mechanically drilling two rows of holes that are next filled by metallic vias; periodicity
and diameter of the vias must be adjusted in order to achieve a similar metallic
shielding level as in an MRW.

In a NWSIW the difference with respect to SIW is the nanoporous substrate used
for its design and fabrication. Instead of drilling vias in a CCL substrate, metallic
nanowires (NW) are grown by electrodeposition in dedicated row areas in the
nanoporous substrate in order to form a virtual metallic lateral shielding. The bottom
side of the waveguide is formed by the thin metallic layer electroplated as ground
electrode for the electrodeposition of NW, while top side is achieved by another
electroplating realized after the growth of NW is completed.

3. Design rules and constraints for NWSIW

3.1 Alumina porous template

The template considered for the NWSIW is nanoporous alumina wherein metallic
nanowires can grow. Commercial solutions are based on anodic alumina oxide (AAO);

Figure 1.
From metallic rectangular waveguide (MRW) to Nano-wire substrate integrated waveguide (NWSIW). In SIW
lateral metal plates of MRW are replaced by two rows of metallized vias. In NWSIW rows of nanowires (NW)
electrodeposited in nanoporous substrate form continuous metallic walls. Vertical arrows indicate the positioning of
covering metal plates (blue).
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the oxide is obtained by anodization of aluminum. The result is an array of vertical
cylindrical pores arranged as a hexagonal pattern, as illustrated in Figure 2. The
diameter of the pores is fixed by the process and typically ranges between 25 nano-
meters and 0.5 μm. Another characteristic parameter is the porosity P of the template,
defined as the total surface occupied by pores in a given area reported to the surface of
this area. The available thicknesses of the AAO template and its electrical parameters
are also reported in Table 1.

3.2 Building of NWSIW walls

Contrarily to classical a SIW where walls are created by the insertion of metallic
vias, the NWSIW architecture exploits the nanoporous nature of AAO to grow arrays
of metallic nanowires (MNW) inside pores. Instead of bulk metal for classical RW
having bulk conductivity σ, each wall of the NWSIW formed by the nanowire array
has a total equivalent conductivity reduced by a factor P [20]. As a consequence, the
skin depth δNW of the nanowire array expresses as

δNW ¼
2

ωμPσ
(1)

The extinction thickness ET is here defined as the thickness of the nanowire array
forming the MNW wall that ensures that 99.9% of the electromagnetic field is
blocked/attenuated by the MNW wall:

Figure 2.
Schematic top view (left) and side view (right) of AAO template. T is the thickness of the template, D is the
diameter of the pores.

Pore diameter range D 30 nm – 1 um

Type and conductivity of NW Cu - 5.65 x 107 S/m

Porosity range (P) 4% - 60%

Dielectric constant bulk alumina (εr) 9.8

Relative permeability bulk alumina (μr) 1

Loss tangent factor bulk alumina (tanδ) 0.015

Thickness T 50 μm or 100 μm

Operational frequency range 1 GHz – 50 GHz

Table 1.
Characteristics of AAO porous template.
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0:001 ¼ e�ET=δMNW ➔ ET ¼ 7 δMNW (2)

Figure 3 shows the extinction thickness ET as a function of porosity, for different
values of operating frequency, from DC up to 50 GHz, and for Copper (Cu)
nanowires of conductivity given in Table 1. It is concluded that a thickness of 10 μm is
sufficient to satisfy condition (2) for most values of porosity higher than 3% and
frequency above 1 GHz.

Practically two rows of MNW are grown in the AAO template, having a 10 μm
width and a length equal to the desired length of the NWSIW. The nanoporous AAO
template imposes a close packing of the electrodeposited MNW array from which an
efficient shield is obtained. This is different and easier than designing the diameter
and spacing of metallic vias drilled in the dielectric substrate of classical SIWs.

3.3 Propagation in NWSIW

In this section the propagation of microwave signals is investigated through the
description of the effective medium present in the waveguide, as influencing the
propagation, and the formulation of the propagation constant and characteristic
impedance of the waveguide.

3.3.1 Effective medium filling the NWSIW

The porous medium resulting from alumina anodization was illustrated in
Figure 2. The (complex) permittivity of the equivalent effective medium, noted εAAO,
can be calculated using a simple volumetric law [20] involving porosity P of AAO and
properties of bulk alumina reported in Table 1:

εAAO ¼ Pþ 1� Pð Þεr 1� i tanδð Þ (3)

As illustrated in Figure 4, both dielectric constant (left figure) and loss tangent
factor (right figure) of porous AAO show a linear dependence on porosity P.

Figure 3.
Extinction thickness (Eq. (2)) as a function of porosity P.
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For P = 0, the dielectric constant is that of bulk alumina given in Table 1, while for
P = 100% it corresponds to air since no more alumina is present.

The same is true for the loss tangent factor; it goes from 0.0125 for P = 0%,
corresponding to the value in Table 1 for bulk alumina, to zero since for P = 100% the
substrate reduces to air having no significant losses.

It has to be noted however that for practical use, AAO templates having high
porosity should be avoided since they are much more brittle.

3.3.2 Propagation characteristics

The propagation inside a NWSIW is very similar to that occurring in a classical
MRW. Given its width noted W and height equal to the thickness T of AAO template
given in Table 1, the complex propagation constant, noted γ, is given by the following
general expression [23]:

γ ¼ αþ j β ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n π

W

� �2
þ

m π

T

� �2
� εAAO

2 π f

co

� �2
s

(4)

In Eq. (4) m and n are indices associated to TEmn and TMmn modes of propagation
in an MRW. In the case of NWSIW, the thickness of the AAO being much lower than
the width W of the guide, the first modes of propagation are TEm0 modes. Eq. (4)
indeed reveals that the propagation constant presents a cut-off phenomenon; propa-
gation occurs (β > 0) only above a certain frequency named cut-off frequency and
noted fc. Below fc, the signal is attenuated instead of propagating (β = 0, α > 0).

Figure 4.
Electrical properties of porous AAO depending on porosity P, according to Eq. (3). Left: Dielectric constant, right:
Loss tangent factor.
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Derived from setting γ in Eq. (4) equal to zero, fc writes as:

f c m0 ¼
m co

2W εAAO
(5)

where W is the width of the waveguide and co the light velocity in air. For the
NWSIW the three lowest cut-of frequencies occur for TEm0 modes.

Two statements can be derived. At first, the permittivity of AAO filling the
waveguide depends on porosity P. This obviously influences the cut-off, hence the
propagation constant, by virtue of (4–5). This illustrated in Figures 5 and 6, left. As
porosity P increases, the dielectric constant decreases so that cut-off moves to higher
frequencies (Figure 5), and this is reflected in the behavior of propagation constant
(Figure 6). For a proper operation, that is allowing propagation in the 10–60 GHz
range, porosity P should not exceed 40%.

Secondly, similar conclusions can be drawn as concerns the influence of the width
of the waveguide. The cut-off frequency decreases as the width of the NWSIW
increases, and a width superior to 5 mm is necessary for obtaining propagation in the
NWSIW starting at 10 GHz.

3.3.3 Characteristic impedance of NWSIW

The characteristic impedance of a NWSIW has an expression similar to an MRW,
expressed here as function of geometrical parameters W and T of the waveguide [23]:

Zc ¼
2 T

W

j 2π f μo
γ

(6)

Figure 5.
Cut-off frequency fc10 according to Eq. (5). Left: Function of porosity P, for W = 6 mm. Right: Function of NWSIW
width W, for P = 50%.
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Figure 6.
Frequency dependence of propagation coefficient β given by Eq. (4). Left: For different values of porosity P, and
W = 6 mm. Right: For different values of NWSIW width W, and P = 50%.

Figure 7.
Frequency dependence of characteristic impedance Zc given by Eq. (6). Left: For different values of porosity P, and
W = 6 mm. Right: For different values of NWSIW width W, and P = 50%.
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Introducing expression (4) of γ into (6), the characteristic impedance Zc can be
represented in Figure 7 as a function of frequency and for different values of porosity
(left) and width of NWSIW (right). Resulting from definition (6) Zc has a singularity
at cut-off frequency, since at this frequency γ present in the denominator of (6) tends
to zero.

Another important feature is the low level of characteristic impedance far
above cut-off. Even for the most favorable conditions, i.e. high porosity in order
to decrease the effective permittivity inside the waveguide (P = 8O%), and
moderate width of NWSIW (W = 4 mm), Zc does not exceed 10 Ω in the flat
constant regime above 20 GHz. As a result, a mismatch occurs with respect to the
conventional 50 Ω reference impedance used for measurements of microwave
devices.

3.3.4 Tapered transmission for improved matching

As a way to solve the problem of mismatch between the low impedance of
the NWSIW and 50 Ω reference impedance, tapered transitions can be inserted
between accesses of the NWSIW and microstrip or coplanar waveguides lines
used for the connection with other devices. A schematic view of the microstrip-
to-NWSIW transition is shown in Figure 8. The taper allows a smooth
progressive change of characteristic impedance along taper length, which favors
the matching.

Figure 9 shows simulated performances of microstripline -to - NWSIW transition
for various values of taper length L = Ltaper (left) and taper width Wtaper (right).

Adequate values for maximizing transmission S21 and minimizing reflection S11 are
Ltaper = λ/4 where λ is the wavelength at the operating frequency assumed here equal
to 10 GHz, and Wtaper = 0.6 x W = 3.6 mm.

4. Fabrication techniques

Figure 10 shows the fabrication process for the NWSIW. As explained in Section 2,
this technology differs from classical SIW since it takes advantage of the porous AAO
template for creating by electrodeposition metallic nanowires inside the pores in order
to form equivalent metallic shielding walls as explained in sections 3.1 and 3.2.

Figure 8.
Schematic representation of tapered microstrip-to-NWSIW transition for impedance matching.
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The first step is the deposition of a metallic layer (blue color) by electroplating on
the back side of the AAO template, step 1 in Figure 10; this layer is used as cathode
during the electrodeposition process.

Then in step 2 the areas where electrodeposition of NW is needed are
defined; equivalently the areas where electrodeposition is unwanted are
determined. As detailed in [19–21] two options are possible, named A and B. In
option A, a metal layer is electroplated on top of AAO. Openings are created by
laser etching this top metal layer in areas where electrodeposition of MNW is
desired, to allow the penetration of the electrolytic solution inside pores that are
not covered by the metal. Option B is dual/opposite; the areas where MNW are
unwanted are selected by laser burning locally the surface of the AAO in order to
destroy locally the porosity and clog the pores, making electrodeposition of
MNWimpossible in these areas. The burned surface of AAO is represented as a
magenta layer in Figure 3B. It remains present during step 3 to 5. The result of step 2
for both option A and B is step 3, where only open pores are available for electrode-
position. The result of step 2 for both option A and B is step 3, where only open pores
are available for electrodeposition.

The last 2 steps are similar for option A and B. In step 4, electrodeposition
process described in [21] is used to grow MNW in free pores in such a way that
pores are slightly overfilled. By doing so, during step 5 when electroplating of top
metal layer occurs, good electrical contacts are created between top metal layer and

Figure 9.
Performances of tapered transition of Figure 8 as a function of taper length (left) and taper width (right). Top
row: S11, bottom row: S21. Simulations are made for W = 6 mm and P = 50%.
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upper end of MNW, forming efficient metallic shielding walls for the equivalent
waveguide.

5. Practical realizations

5.1 NWSIW transmission line

Figure 11 shows the transmission measured in a NWSIW transmission line having
a width W = 6 mm, and built on a 100 μm-thick AAO template. The location of the
three first cut-off frequencies corresponding to TE 10, TE20 and TE30 modes are
visible; their values are in good correspondence with Eq. (5). For a proper operation of
NWSIW devices, they should be designed for the 8–18 GHz frequency range, i.e.
between the first and second cut-off frequencies.

Figure 10.
Steps of fabrication process for the NWSIW.
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Insert of Figure 11 shows a picture of the fabricated NWSIW line. Material for
MNW is Cu and areas filled by MNW are visible as lighter strips on upper and lower
side of the brown rectangle forming the top metallization of the NWSIW, and having
a length equal to 12 mm. On left- and right-hand sides of the picture taper microstrip
transitions aiming at improving impedance matching are visible.

5.2 NWSIW isolator

Figure 12 shows a practical realization of a NWSIW isolator basing on the opera-
tion mode of a ferrite-slab resonant mode isolator in classical MRW technology
[24, 25]. Here in order to mimick the ferrite slab, a narrow wall made of ferromagnetic
NW (alloy of Nickel and iron, noted NiFe, red color) is grown close to a wall of the
NWSIW (blue color), made of Cu NW grown in AAO, as shown in the inset of
Figure 12. It has to be noted that NiFe NW forming the slab are not grown over the
full height of AAO template in order to avoid the formation of a short-circuit due to
contacts between conductive NiFe NW and top metallization of the waveguide, since
a short-circuit would prevent the transmission of the signal.

As expected a nonreciprocal transmission is observed in the NWSIW, due to
the presence of ferromagnetic material located at a specific position in the
waveguide. Transmission S21 in forward direction is more than 10 dB lower than
transmission S12 in reverse direction. We can conclude that the device ensures an
isolation level superior to 10 dB [21], which is close to the state-of-the art, as shown in
Table 2.

Compared to isolators based on ferrite slabs in MRW (resonant-mode isolator), the
planar devices are much thinner and usually do not require an external magnetic field
to bias the ferrite. The best result is obtained by Cheng et al. [26]: their planar ferrite
resonance isolator is 635 μm-thick and works without DC magnetic field bias. Hemour
et al. [27] propose an SIW isolator based on ferrite, with lower performances reported
in Table 2.

Figure 11.
Transmission measured on a NWSIW built in a 1OO μm-thick AAO template. Inset shows picture of the device
having width W = 6 mm.
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The first demonstration of an isolator based on ferromagnetic nanowires (NW)
was reported in [28]. Cobalt NW are included in nanoporous polycarbonate (PC) thin
substrate, and 10 dB isolation is obtained, however with 15 dB insertion losses and
requiring a 9 kOe DC magnetic bias. Next two other devices based on NW in AAO
porous template are reported in the literature. Kuarn [29] proposed a coplanar wave-
guide (CPW) technology including Nickel (Ni) MNW in AAO. Reported isolation
level is 6 dB/cm at 23 GHz under 5.6 kOe DCmagnetic bias. The best performances for
nanowire-based planar isolators were obtained by Carignan et al. [13], who measured

Figure 12.
Measurement of NWSIW isolator. Inset shows the topology: Cu NW (blue) form lateral walls, while NiFe NW
(red) form a ferromagnetic slab. Electroplated copper metal layers (orange) form bottom and top walls of
NWSIW.

Reference Topology

/technology

Material F

(GHz)

Isolation

(dB/cm)

Insertion losses

(dB)

Thickness

(mm)

[26] SIW in PCB Ferrite

slab

10 20 3 0.635

[27] SIW in PCB Ferrite

slab

11 8 7 na

[28] Microstrip on PC Co NW 41 7 15 0.021

[29] CPW on AAO Ni NW 20 6.5 na 0.06

[13] Microstrip on

AAO

CoFe NW 24 14 10 0.20

[18] NWSIW on

AAO

NiFe NW 13 7 na 0.05

Figure 12

[21]

NWSIW on

AAO

NiFe NW 12 11 na 0.10

Table 2.
Comparison of performances of planar SIW isolators.
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an isolation of 14 dB/cm without DC bias on a microstrip topology including CoFeB in
AAO.

Two realizations of UCLouvain combining NW in AAO and planar SIW into an
NWSIW isolator are reported in the literature and do not require external DC bias.
The first one [18] shows an isolation level of 7 dB/cm, while the second one [21]
shown in Figure 12 has an isolation of 11 dB/cm. These two last realizations are among
the thinnest according to Table 2.

5.3 NWSIW EBG filter

As last illustration in this chapter, Figure 13 presents the topology of the so-called
EBG filter (for Electromagnetic Band Gap) realized in NWSIW technology. The EBG
effect associated to periodic structures was introduced in the ‘90s [11, 30–32]. The

Figure 13.
Topology of EBG filter in NWSIW technology. Blue NW form vertical walls of NWSIW, while red NW having
filling height h = 75% are grown in the NWSIW in order to create the EBG effect. Electroplated copper metal layers
(orange) form bottom and top walls of NWSIW.

Figure 14.
Measured transmission in EBG filter in NWSIW technology. Inset: Photograph before electroplating realized at
step 5 of Figure 10.
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filter is based on the cascade of three NWSIW sections partially filled with Nickel
MNW and separated by empty NWSIW sections.

Measurement of transmission in Figure 14 shows that a gap in the transmission
occurs at 20 GHz. It is created by the contrast between the dielectric constant of AAO
empty sections and the much higher value of dielectric constant for sections partially
filled with Ni NW over a relative filling factor h. The behavior of the dielectric
constant versus h is shown in Figure 15 and was initially introduced in [15]. The
generation of the bandgap at a dedicated frequency fo requires that the length of each
section, empty and filled, is equal to a quarter wavelength at fo. This condition is
expressed by equations (7–8):

Lempty section ¼
co

4 f o εr empty
¼ 2:6 mm: (7)

Lfilled section ¼
co

4 f o εr filled
¼ 5:1 mm (8)

The realized filter has a filling factor h = 75% yielding 34 as value for εr filled,
while dielectric constant of empty AAO with P = 4% is close to 9.8. The contrast
between dielectric constant of filled and empty sections is high and responsible for
the bandgap at fo = 20 GHz. The depth of the bandgap is �50 dB, which, compared
to the maximal transmission level of - 25 dB, means a stopband rejection effect of 25 dB.

6. Challenges and perspectives of the new NWSIW technology

Coming to the end of this chapter, it is now time to conclude on the performances,
the maturity and the perspectives of the NWSIW technology.

The NWSIW presented in this chapter and the classical planar SIW of Figure 1
share about the same pros and cons:

• A fully planar geometry, based on a thin planar substrate, much more compact
than classical MRW

◦ The resulting disadvantage is that both topologies require specific matching
structures to solve the impedance mismatch issue resulting from the low
thickness of the substrate.

Figure 15.
Influence of filling height of NW on dielectric constant.
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◦ However, the issue disappears if a whole architecture of devices is built in the
same NWSIW technology on a single AAO substrate. The design can be made
for a same reference impedance, so that a single transition will be needed for
interfacing the designed circuit in NWSIW technology with 50 Ω reference
impedance.

• An improved immunity to radiation and crosstalk interferences compared to
open planar structures

◦ For classical SIW, vias have to be carefully dimensioned and spaced in order
to induce an efficient shield.

◦ while for NWSIW a thin wall of grown nanowires is sufficient to form an
efficient shield, since the nanoporous AAO template imposes a close packing
of the electrodeposited MNW array.

• Compared to MRW that are empty, both SIW and NWSIW structure are filled by
a medium having permittivity higher than air.

◦ This reduces the size of the device for a given operational frequency

◦ Devices have to cope with dielectric loss of the substrate filling the
waveguide.

However, the insertion losses observed in Figure 11 for NWSIW (8 dB at 12 GHz,
corresponding to 4.4 dB/cm) are comparable or lower than other technologies/topol-
ogies, as shown Table 3. Insertion losses should be significantly decreased by further
improvement of fabrication process. Indeed, the upper and lower Cu layers
electroplated on the two faces of the AAO membrane can be thickened in order to
attenuate the effect of the roughness of the metallization due its imperfect contact
with porous template during step 1 and 5 of the fabrication (Figure 10). This will
increase the shielding effect while reducing ohmic losses, in order to achieve insertion
losses lower than 1 dB/cm.

Reference Topology Technology f (GHz) Insertion losses

(dB/cm)

[33] CPW NixSiy/Si 10 2

[34] CPW MMIC 20 5

[35] SIW LTCC 50 2.5

[36] SIW LTCC 38 4

[37] Microstrip NW in AAO 60 7

[38] SIW NW in AAO 20 7.4

[20] NWSIW NW in AAO 12 4.4

Table 3.
Comparison of insertion loss.
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The road to achieving these objectives is not actually that long. We have shown
that the combination of nanowires and SIW technologies is meaningful, since it allows
a facile integration of various functionalities such as filtering and nonreciprocity on a
same substrate thanks to the growth of various kinds of MNW in AAO while tuning
their filling height. The fabrication of a platform of miniaturized NWSIW devices that
rival the state-of-the-art will be made possible by some optimizations of the fabrica-
tion process as outlined above.
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Nomenclature

The following abbreviations are used in this manuscript:

AAO Anodic Aluminum Oxide
CCL copper clad laminate
CPW Coplanar Waveguide
Cu Copper
EBG Electromagnetic Band Gap
NiFe nickel-iron alloy
MMIC Monolithic Microwave Integrated Circuit
MNW metallic nanowire
LTTC Low Temperature Co-fired Ceramics
NW Nanowire
NWSIW Nanowired Substrate Integrated Waveguide
PCB Printed Circuits Boards
SIW Substrate Integrated Waveguide
UCLouvain Université catholique de Louvain
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