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Abstract—In this work, we present a novel configuration for
realizing monolithic SIW-based phased antenna arrays using
Ferrite LTCC technology. Unlike the current common schemes
for realizing SIW phased arrays that rely on surface-mount
component (p-i-n diodes, etc) for controlling the phase of the
individual antenna elements, here the phase is tuned by biasing
of the ferrite filling of the SIW. This approach eliminates the
need for mounting of any additional RF components and enables
seamless monolithic integration of phase shifters and antennas
in SIW technology. As a proof of concept, a two-element slotted
SIW-based phased array is designed, fabricated and measured.
The prototype exhibits a gain of 4.9 dBi at 13.2 GHz and a
maximum E-plane beam-scanning of ±28 degrees using external
windings for biasing the phase shifters. Moreover, the array can
achieve a maximum beam-scanning of ±19 degrees when biased
with small windings that are embedded in the package. This
demonstration marks the first time a fully monolithic SIW-based
phased array is realized in Ferrite LTCC technology and paves
the way for future larger-size implementations.
Index Terms—Ferrite phase shifter, low-temperature co-fired
ceramic (LTCC), phased array, substrate integrated waveguide
(SIW).

I. I NTRODUCTION
Antennas having beam-scanning functionality are required
in radars and many modern communication and imaging systems. Over the years, many different implementations of beamscanning antenna arrays have been carried out in different
technologies (waveguides, microstrip, etc). In the past decade,
Substrate Integrated Waveguide (SIW) concept has become a
popular platform for realizing antennas and circuits [1]. SIWs
combine the simplicity and low-loss nature of rectangular
waveguides while being low-cost and easy to fabricate and
integrate with planar circuitry.
Most of the developed SIW-based beam-scanning arrays
in literature rely on a fixed beam-forming network such as
a butler matrix or a rotman lens [2], [3]. The disadvantage
of such approach is that the beam can only be switched
over a discrete set of scan angles and that the size of the
beam-forming network grows quickly with the number of
required beam directions [4], [5]. The need of such complex
networks can be eliminated by using tunable phase shifters and
implementing a phased array with continuous beam-steering
capability.
A problem in tunable phase shifters is that their integration
with the SIW typically requires surface-mount components.
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Fig. 1: Conceptual sketch of a monolithic slotted SIW phased
antenna array in Ferrite LTCC.

For example, the phase shifter implemented in [6] required
using four p-i-n diodes as switches which are mounted on the
SIW. Mounting tunable components such as varactor diodes
or switches on the SIW increases the phase shifter complexity
and adds parasitics which may become significant at high
frequencies. In this work, we avoid the above-mentioned
issues by using a controllable medium (ferrite) as a multilayer
substrate for the SIW.
Generally, conventional ferrite materials have been extensively used for implementing tunable phase shifters in planar
transmission-line (microstrip, CPW, etc) [7]–[10] as well as
non-planar waveguide configurations [11]. But even though
it has been over a decade since the invention of SIWs,
only very few ferrite-based SIW phase shifters have been
reported [12], [13] and these have not been demonstrated
in any kind of phased array system. A possible reason for
the limited demonstrations is the difficulty of integration of
SIW and conventional ferrites. The brittle ceramic nature of
ferrite substrates makes the realization of via rows without
substrate fracture a real challenge. To circumvent the problem,
researchers in [13], [14] used ferrite slabs to load a SIW that
is implemented in a conventional duroid substrate. Although
this approach might be acceptable if few devices are needed,
it is not feasible for implementing medium and large phased
antenna arrays due the need for extensive machining for each
device.
A more elegant way to resolve ferrite-SIW integration
problems is through the use of new technology called ‘Ferrite
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Fig. 2: Conceptual sketch of (a) tunable SIW phase shifter biased using external circuitry and (b) tunable SIW phase shifter
biased using embedded circuitry within the Ferrite LTCC package.

LTCC’ [15]–[19]. In Ferrite LTCC, the traditional dielectric
layers of conventional LTCC are replaced by ferrite ones. The
conductor traces and vias are implemented in the unfired tape
which is much easier to process. This makes it possible to
have a multilayer ferrite package with printed conductors and
vias and hence allows the realization of SIWs.
Using Ferrite LTCC, monolithically integrated slotted-SIW
phased antenna arrays can be realized as demonstrated in Fig.
1. An SIW subjected to a variable static magnetic bias field
serves as a tunable phase shifter for each slotted SIW antenna
arm. This bias field could be supplied by circuitry external to
the package in the form of a winding around a magnetic core
(as in Fig. 2(a)). Alternatively, by adding more layers, bias
circuitry can be embedded within the ferrite package as shown
in Fig. 2(b). The embedded windings approach provides the
highest level of integration, however the number of turns of the
windings which is proportional to the generated bias magnetic
field is generally limited by the number of available LTCC
layers. On the other hand, external biasing coils, though they
occupy more space, are generally not restricted to the LTCC
stack size and therefore can be made with large number of
turns.
In this work, as a demonstration, we implemented a 2x3 Kuband slotted-SIW antenna array with each 1x3 subarray being
fed by a tunable phase shifter. Each phase shifter consists of a
SIW that is subjected to a controllable anti-symmetric biasing
magnetic field whose strength determines the insertion phase
of the SIW. Two biasing schemes have been realized to tune
the phase shifters. The first employs a coil system external to
the LTCC package while the second relies on windings embedded within the Ferrite LTCC package. The array operation
has been experimentally verified using both biasing techniques
showing a beam scanning range of ±28◦ in the case of external
windings and about ±19◦ in the case of embedded ones. The
obtained results are encouraging and suggest the feasibility of
this configuration for implementing Ku-band phased arrays for
applications such as satellite communication systems.
II. D ESIGN AND S IMULATIONS
A 10-layer LTCC stack is used for realizing the antenna
array. The stack is made of ESL-40012 ferrite tape system
[20]. This tape has a r ≈ 14.6, tan δ ≈ 5 × 10−3 and a

Fig. 3: Simulated radiation efficiency of a single slot versus
number of SIW layers (each is 110 µm thick ). The ferrite
material is simulated in demagnetized state (M = 0, µd ≈
0.68 at 13 GHz) and silver is used for conductive traces and
vias.
saturation magnetization (4πMs ) of 4000 Gauss that results
in a magnetization frequency (fm ) of about 11.2 GHz [17].
The material is operated in the partially magnetized state
(0 ≤ M ≤ Ms ) to minimize the bias field required. A design
frequency of 13 GHz is chosen to avoid the low-field losses
that occur in such state at low frequencies and up to the
material’s magnetization frequency.
A. Layer Assignment
Since the 10-layer LTCC stack shall contain the antenna as
well as the biasing circuitry, there will be a trade-off between
the antenna performance (in RF) and dc biasing efficiency.
Dedicating more layers for biasing circuitry would imply a
denser winding with higher number of turns (N) that will
decrease the current needed to produce a given required bias
magnetic field (H ∝ N I). However, dedicating more layers
for the windings means less layers for the antenna which is
expected to degrade the antenna performance (efficiency, gain,
bandwidth). To examine how much the antenna efficiency is
affected by the waveguide height, we simulated a single slot
radiator (structure geometry similar to the model in Fig. 5
over different number of layers. The results, illustrated in
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Fig. 3, reveals that the radiation efficiency of the slot antenna
increases as the number of layers is increased and it reaches
a maximum value of about 36%, relatively low due to the
high ferrite permittivity, when all layers are dedicated for the
antenna. It can also be noticed that the efficiency deteriorates
quickly if less than 5 layers are used. Based on these results,
it has been decided to dedicate the top five layers for the SIW
and place the biasing circuitry in the bottom five layers.
B. SIW Phase Shifter
As mentioned earlier, the feeding SIW for each of the
sub-arrays shall act as a phase shifter. The phase of the
signal reaching each sub-array is controlled by biasing its
feeding SIW-section. Biasing the SIW by a static magnetic
field H0 generates a magnetization level M inside the material
that dictates the effective permeability sensed by the RFsignal propagating through. For a partially magnetized ferrite
biased in the y-direction, the permeability is described by the
following tensor [15], [21]:


µ 0 −jκ
 0 µ̂
0 
(1)
[µ]y−bias
P M S = µ0
jκ 0
µ

Fig. 4: Simulated phase shift versus magnetization level of an
anti-symmetrically biased SIW (aSIW = 4.5 mm, h = 550
µm, LSIW = 8 mm) at 13 GHz.

Where the tensor elements are all functions of the magnetization level M established in the material and the signal
frequency f as given by the equations below [22]:
3

M 2
(2)
µ = µd + (1 − µd )
Ms
µ̂ = µd


5
M
1−( M
)2
s

κ = nk

fm M
f Ms

(3)
(4)

In the equations above, µd is the material’s permeability when
completely demagnetized (M = 0) and its value is given by
the expression in (5). For the off-diagonal component κ, nk is
a proportionality factor that is taken to be 0.5 at 13 GHz for
the material under consideration based on the previous works
of [15].
s
fm
1 2
1 − ( )2
(5)
µd = +
3 3
f
Here, the phase shifting is achieved by applying an antisymmetric bias (depicted in Fig. 4) to each sub-array feeder.
This anti-symmetric configuration of biasing has been studied
in [23] and theoretically shown to induce large phase shift per
unit length and to achieve very high figure of merit (phase
shift per unit loss). In our recent work [19], we demonstrated
a phase shifter with a figure of merit of about 100 degree/dB at
Ku-band using this anti-symmetric configuration and biasing
the device through 8 layers of embedded windings. In this
work, we implement the phased array using a phase shifter of
the same concept as in [19] but with slight modification in the
layer assignment and biasing circuitry.
For the present case, to estimate the attainable phase shift,
simulations were carried out for the 5-layer SIW being biased
anti-symmetrically to different magnetization levels. In our

Fig. 5: Simulated slot conductance at resonance and resonant
length for different slot offsets at 13 GHz for five layers for
a SIW width (a = 4.8 mm, wslot = 200 µm).
simulation model, the partially magnetized material permeability definition is implemented using the aforementioned
equations in CST microwave studio. The simulation results
for an 8 mm-long SIW feed section show that the forward
insertion phase shift (6 S21 (M ) − 6 S21 (M = 0)) can reach
about 180 degrees at 13 GHz when the material is magnetized
to saturation as illustrated in Fig. 4.
C. Integrated Slotted SIW Phased Array
To design a slotted antenna sub-array, first the characteristics
of a single slot need to be obtained. A longitudinal slot on the
broad face of rectangular waveguide can be modeled by a
shunt load [24]. The slot length Lsl will primarily determine
the resonant frequency. While the slot offset from the SIW
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(a)

Fig. 6: Optimized 2x3 slotted-SIW array. (a) 3D view. (b) side
view. All slots are 230 µm wide, the rest of the dimensions are
: L1 =48 mm, W1 =14 mm, Lsh ≈ 3λg /4 =8.76 mm, Lsl =4.87
mm, p ≈ λg /2 =5.3 mm, W2 =12.5 mm).

(b)

Fig. 7: Optimized 2x3 slotted-SIW array simulated reflection
coefficient.

(c)

Fig. 8: Simulated beam steering. (a) E- plane radiation pattern
(b) Beam angle versus magnetization (c) Gain over scan angle.
center (referred to using the symbol x) mainly dictates the slot
conductance at resonance G0 . To extract the slot admittance,
the procedure in [25] has been utilized. A single slot is
simulated with the wave guide being terminated by a short
circuit at a distance of 3λg /4 form the slot center and with the
port plane being at λg /2 before the slot center. In this manner
the input admittance at the port is equal to the admittance of
the slot Yin = Yslot . Using this model, the slot length was
varied at different offsets and each time the slot length that
induces resonance at 13 GHz and slot resonant conductance (
normalized to the waveguide characteristic admittance) G0 /Y0
are recorded. The results for the slot conductance at resonance
and slot resonant length at 13 GHz are depicted in Fig.
5. The available LTCC panel space (48 × 14 mm) could
accommodate a maximum of three slots in addition to the

feeding structures. For a three-shunt-slots design, each slot
should have resonant conductance equal to one-third of SIW’s
0
characteristic admittance ( G
Y0 = 0.33). Using the shown
characteristics curves of a single slot in Fig. 5, the resonantlength and offset were determined to be 4.87 mm and 100 µm
respectively.
Following this step, two three-slot sub-arrays were integrated with a phase shift section that is a simple extension
of their feeding SIW. It is worth mentioning that a slightly
larger SIW width is used for the antenna sub-array (a = 4.8
mm) than SIW for the phase shifter (a = 4.5 mm). This small
change in width has minor effects on the propagation and it
helps relax the dimensions of the slot offset (x ≈ 0.21a).
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Fig. 9: Anti-symmetric biasing of a SIW using external coils
and yokes.

Fig. 10: Embedded windings for biasing individual phase
shifters.

To feed the sub-arrays, a tapered microstrip to SIW transition
has been designed and a 2-way SIW power divider that uses
inductive vias for matching the impedance has been employed
as depicted in Fig. 6. The whole structure has been optimized
in CST microwave studio for operation at 13 GHz. Slight
adjustments were required for the slot antenna dimensions
obtained previously to account for mutual coupling effects.
The simulated reflection coefficient for the optimized structure
is illustrated in Fig. 7 showing that the array is matched
better than -12 dB at 13 GHz and with a 10 dB impedance
bandwidth extending from 12.88 to 13.1 GHz. The array
exhibits a simulated gain of 5.1 dBi and an efficiency of 41%.
As mentioned earlier, the relatively low efficiency and gain are
due to the high permittivity of the ferrite substrate. However, it
is expected that gain and efficiency numbers can be increased
if more complex fabrication is used. For instance, creating an
air cavity or perforating the substrate inside the SIW’s antenna
array portion is expected to reduce the effective permittivity
and enhance radiation.
In this configuration, the antenna array beam scans in the Eplane towards positive and negative elevation angles depending
on which phase shifter is being activated. A beam scanning
range of ±45 degrees has been demonstrated in simulations by
driving each phase shifter from the unbiased state (M = 0) to
the saturated state (M = Ms ) as depicted in Fig. 8(a,b). The
antenna remains matched when either phase shifter is biased
with very little variation in S11 . As expected the gain drops

Fig. 11: Magnetostatic simulation results. Normalized Magnetization distribution |My (x, y)/ max[My (x, y)]| over SIW
cross section at bias current of 1 ampere. (a) external biasing
, (b) embedded biasing and (c) average magnetization versus
bias current.

when the array is steered from broadside. Steering the beam
up to ±30 degrees is accompanied by slow drop in gain but
after ±30 degrees the gain drops more quickly with the scan
angle as seen in Fig. 8(c).
D. Biasing Circuitry
In order to magnetize the individual phase shifters, a magnetic field having an anti-symmetric configuration needs to be
generated. In this work, we adopted two different approaches
to generate such a configuration. In the first approach, an
external coil system is used to bias the phase shifters. An
80-turn coil is wound around high permeability U-shaped iron
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III. P ROTOTYPE MEASUREMENTS R ESULTS AND
D ISCUSSION
An array prototype, shown in Fig. 12, has been fabricated
at VTT-electronics Finland. The prototype has been prepared

5

Co-polarized

0
−5

Amplitude (dB)

yokes which are fitted above each phase shifter. This configuration helps guide the flux in anti-symmetric fashion inside
the guide as demonstrated in Fig. 9 The second approach is
by using windings embedded in the Ferrite LTCC package.
The windings consist of 2 solenoid-like coils occupying the
five layers beneath the SIW. The solenoids are symmetricallyplaced with respect to the SIW mid-plane with the current
in the solenoids circulating in opposite sense to generate
the required anti-symmetric bias magnetic field profile as
illustrated in Fig. 10. Each solenoid has 3 turns in each layer,
the largest turn has a length of 8.25 mm and a width of 2.7
mm. Windings’ dc pads are placed in the bottommost layer
for dc supply connection. It is worth noting that here the dc
windings are isolated from the microwave signal path by the
SIW ground plane in layer five therefore there is no need for
adding microwave chokes or dc block. The bias circuits are
simulated separately using a magnetostatic solver (CST EM
studio). Simulation results are depicted in Fig. 11.
As can be seen in Fig. 11(a,b), in both scenarios the
magnetization is anti-symmetric (same in each half of the
SIW but with opposite direction). However, the magnetization
is not uniform within each half of the SIW. The average
magnetization level over the SIW volume is calculated for each
current excitation and the results are depicted in Fig. 11(c). As
it is clear form the figure, in spite of having less total number
of turns, the embedded windings can magnetize the structure to
higher level with the same amount of dc current compared to
the external biasing method. This is due to the demagnetization
effects that occur due to the air gap existing between the
external yoke and the ferrite substrate (assumed to be 100 µm).
It is also worth mentioning that the bias magnetization fields
are highly localized around their specific phase shifter. For the
present phase shifter separation of 3.5 mm, magnetizing one
phase shifter to saturation (4000 Gauss) will magnetize the
neighboring phase shifter to 4.4 Gauss (0.11%). This would
result in a very small induced phase shift of about 0.2 degrees
in neighboring phase shifter.

Fig. 13: Measured and post-measurement simulation of the
array reflection coefficient.
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Fig. 12: Fabricated prototype.
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Fig. 14: Simulated and measured E (xy) plane (up) and H (yz)
plane (down) at 13.2 GHz.

by firing at a peak temperature of 875 degree Celsius for 30
minutes.
A. Measurements Results in Unbiased State
An SMA connector has been mounted on the antenna
and the input reflection coefficient has been measured using
Agilent PNA-L 2873 network analyzer and the results are
presented in Fig. 13. This measurement revealed that the
antenna exhibits a return loss better than 10 dB over the
frequency range from about 13 to 13.3 GHz, with a center fre-
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Fig. 15: Prototype under characterization with biasing circuitry.
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quency of about 13.15 GHz. This measured center-frequency
is slightly higher than the intended 13 GHz predicted by
simulation. It is suspected that this deviation is due to using a
higher permittivity value than the actual one of the material.
A post measurement simulation has been carried out by
varying the permittivity within the material tolerance range
(r = 14.6 ± 0.6), good match was obtained by using a
permittivity of 14.0 as can be seen in Fig. 13.
The antenna radiation performance has also been characterized using SATIMO Star-Lab system. The antenna shows a
maximum measured gain of 4.9 dBi which is very close to the
simulated one of 5.1 dBi at 13.2 GHz at no-bias. The simulated
and measured E (xy) and H (yz) plane patterns are displayed
in Fig. 14. As it is clear from the figure, the measured radiation
pattern are in good agreement with the simulated one.
B. Measurements in Biased States
In order to test the array using the external yoke systems,
we fabricated an acrylic alignment-sleeve to keep the yokes
in position over the phase shifters as shown in Fig. 15. About
80 turns were wound on each yoke. Using this configuration,
the beam could be steered up to ±28 degrees in E-plane by
incrementing the current to maximum value of 1.75 A. The
measured patterns are shown in Fig. 16(a). Some distortion of
the pattern could be observed (relative to the unbiased case)
and is likely to be because of the wiring and bias circuitry
placed around the antenna. Also, some asymmetry is observed
when scanning to positive and negative angles in the external
windings case. This can be caused by a misalignment error
in the placement of the external coils. A gain drop of about
1 dB occurs when scanned to 28 degrees. Increasing the bias
current beyond 1.75 A was not possible as it caused melting
of the insulation of the copper wires and short circuiting the
turns. Also, it is worth mentioning that the input impedance
of the array showed very little variation when the phase
shifters are biased. The measurements results of the array input
reflection coefficient when one phase shifter is being biased
are displayed in Fig.17. As can be seen little variation can
be observed and the input of the array remains satisfactorily
matched to 50 Ohm over the frequency from about 12.98 GHz
to 13.38 GHz.
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200 mA (left)
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−15
−100

−50

0
Theta (deg.)

(b)

Fig. 16: Measured E-plane pattern at maximum scanning using
(a) external windings and I=1.75 A (b) embedded windings
and I=0.2 A.

By using the embedded windings to bias the phase shifter,
a maximum beam scanning of nearly ±19 degrees could be
obtained at a 200 mA of applied current as depicted in Fig.
16(b). It is worth noting that the embedded windings resistance
was much higher than the external one (16 ohm compared to
0.5 ohm for the external coil). This high resistance limited the
application of higher currents for biasing. At higher currents,
the windings started to heat up appreciably over the course
of the radiation pattern measurements resulting in a distorted
pattern.
A summary of scanning results for both internal and external
biasing techniques is given in table I. From the table, it can
be observed that the embedded windings biasing approach can
be used to magnetize the structure to a higher level for a
given current compared to the external biasing approach. This
is evident by observing that the embedded windings achieve
about 20 degrees of scanning at 200 mA whereas the external
windings achieve this value at 850 mA. Compared to simulations, it is noticed that measured scanning angles for a given
current are generally higher. It is believed that this deviation
from simulation predictions are coming from underestimating
the generated magnetization from each current value. This
underestimation can be due to inaccuracy of the BH-curve used
for modeling the material and/or an inaccuracy in estimating
the air-gap size in case of external windings. All inclusive, the
simulations predictions are found to be fairly close to actual
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Fig. 17: Measured reflection coefficient under different bias
currents.
TABLE I: Summary of results for internal and external biasing.
Embedded Windings
External Windings
Sim.
Sim.
M
M
Θsim
Θmes
Θsim
Θmes
(M/Ms )
(M/Ms )
1082 G
541 G
0.2
14.2
19
7.2
(27%)
(14%)
2890 G
1527 G
0.85
30.2
18.7
20
(72%)
(38%)
4000 G
1716 G
1.75
45
21
28
(100%)
(43%)
Θsim : Simulated Scan Angle, Θmeas : Measured Scan Angle., G: Gauss

be applied resulting in higher phase shift and larger scanning
range for a phased array.
In addition to cooling mechanism, improving the remanent
magnetization of the ferrite material can also help reduce the
generated heat as well as the consumed power. If the material has sufficiently high remanent-to-saturated magnetization
ratio (Mr /Ms ), the bias current need not be continuously
applied to maintain the material magnetized. Instead, the
current need only be pulsed for a short duration (typically
few hundred microseconds) to switch the magnetization level
inside the material [22], [26]. This mode of operation is
usually referred to as “latching” and is feasible to use when
the material has near-square hysteresis (Mr /Ms > 0.75).
Near-square hysteresis microwave ferrites are commercially
available in bulk substrate form [27]. The development of
similar LTCC process-compatible versions of those, currently
being researched [28], can resolve self-heating problems as
well as greatly reduce device power consumption.

I
[A]

measurements and the deviations have small impact on the
overall performance of either case.
IV. F UTURE F ERRITE LTCC P HASED A RRAYS
The high permittivity and moderate loss tangent of Ferrite
LTCC (r = 14.6, tan δ = 0.005) limits the antenna gain
and efficiency. To improve the antenna performance, it is
suggested that conventional low-loss LTCC material such as
Dupont 9k7 (r = 7.1, tan δ = 0.0009) be used for antennas
realization, while the phase shifters can still be implemented
in the ferrite multilayer technology. This will improve the
efficiency of the antenna considerably while maintaining the
beam steering capability of the phased antenna array. However,
this requires further research work on the fabrication side to
enable monolithic integration of conventional and ferrite LTCC
tape systems into a single package.
Another performance limitation for Ferrite LTCC based
phased arrays comes from the self-heating of the embedded
bias windings. This heating sets a limit on the allowable bias
current and hence the realizable phase shift and scanning
range. To mitigate this effect, the embedded windings need
to be designed for minimum resistance while meeting the
desired magnetization level. Additionally, in-package cooling
mechanisms to dissipate heat generated from internal bias
windings must be considered in future designs. One suggested
way is to incorporate microfluidic channels within the LTCC
package through continuous embedded cavities. Through these
channels a liquid coolant can be pumped to diffuse the generated heat. With the internal windings cooled, more current can

V. C ONCLUSION
In this work, a new implementation of SIW-based phased
antenna arrays is proposed. Unlike previously demonstrated
SIW phased arrays that use a SIW fixed beam-forming network (ex: butter matrix) or mountable switching elements on
the SIW to switch the beam, the phase shifting is implemented
by using tunable ferrite-filled SIW phase shifters. The proposed approach has the advantages of allowing for continuous
beam scanning, avoiding the use of surface mount components and providing monolithic integration of the antennas
with phase shifters in SIW technology. A demonstrator twoelement slotted-SIW phased antenna array prototype has been
designed fabricated and measured. For testing the array, two
approaches were used for providing the biasing magnetic field
for the phase shifters. The first approach relies on coil systems
implemented using circuitry outside the Ferrite LTCC package
and the second approach used windings that are realized within
the package. A maximum beam steering of ± 28 degrees could
be measured using the external biasing approach and a winding
current of 1.75 A, while a maximum scanning of about ±
19 degrees is measured using the internal bias circuitry and
a current of 0.2 A. It is important to mention that although
the internal winding is found to be more efficient in magnetizing the substrate with low currents, they generally suffer
from lager windings resistance (nearly 20 times higher) than
external windings of similar size. Consequently, greater power
dissipation is observed in the case of the internal windings for
the same current. Also, the large embedded winding resistance
limits the amount of current that can be used without causing
permanent damage to the conductive traces and it makes the
substrate subject to self-heating effects. If embedded windings
are to be used for biasing in future works, it is recommended
to attempt to minimize the winding resistance as much as
possible and incorporate heat dissipation techniques into the
package. As a first attempt, the demonstrated prototype results
show promise for using Ferrite LTCC as a platform for SIWbased phased antenna arrays.
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