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A fully inkjet-printing technology is applied to antenna-in-package (AiP) and substrate integrated waveguide (SIW) to enhance
the performance of three components, including via holes, wire bonding, and flexible antenna arrays. First of all, earlier studies
utilize shorting pins for the conductive pathway in high-density AiP and SIW, but this requires an additional procedure to plate
the conductor. We propose a mechanical approach to form a cylindrical hole, plating the surface with silver nanoparticles and
realizing the equivalent circuit model of the shorting pin. -e proposed approach does not require high alignment sensitivity or
the precise control of laser power level. Second, fully inkjet-printed wire bonding is proposed for the system on the package. -e
proposed technique not only reduces the discontinuity but also enables a fabrication without additional assembly. -ird, the
proposed technique is implemented for antenna development, which shows desirable performance with reduced fabrication
complexity. -e proposed technology is validated by microstrip lines, SIWs, SIW cavity slots, and flexible 4× 4 patch arrays
fabricated on various substrates including RO 4003C, polyimide, and polyethylene naphthalate. For comparison purposes,
conventional approaches using printed circuit boards are also implemented and tested. -e results indicate the generality and
capability of the proposed technique.

1. Introduction

Additive manufacturing (AM) is an emerging technology for
fabricating electromagnetic (EM) passive circuits and an-
tennas [1]. -e additive process includes three-dimensional
(3D) printing and two-dimensional (2D) inkjet printing.
Among them, 3D printing shows the potential for facilitating
spatial complex design [2], whereas inkjet-printing advances
conventional printed circuit boards (PCBs) due to the direct-
write feature, low fabrication cost, and the application of
flexible, light, or environmental friendly substrates. Inkjet
printing has served a wide range of EM applications, in-
cluding antenna-in-package (AiP) applications [3], substrate
integrated waveguide (SIW) circuits and antennas [4–6],
flexible antennas [7–24] including origami [7–11] and
wearable applications [12, 17, 21, 24], radiofrequency

identification (RFID) tags [25] and the chipless counterpart
[26], and wireless sensors [27].

In particular, AiP and SIW applications rise to the
challenge of three limitations. First of all, AiP and SIWs are
constructed by numerous vias. -e conventional fabrication
process of the vias consists of drilling and plating, which
requires conductive pins to be inserted into and soldered
[28, 29]. Such an additional procedure is not compatible
with inkjet printing, thereby decreasing the efficiency of
manufacturing. Recent research has presented fully inkjet-
printed vias that replace additional conductive pins [30, 31].
-e drilling is based on the PCBmicrovia technique, namely,
CO2 laser drilling, whereas the topology of the via is stepped
hole. -e stepped via is expected to create a continuous
transition and reduce the stress on silver nanoparticles.
Nevertheless, shaping the stepped hole topology requires
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flipping the substrate and drilling both sides with the precise
control of the laser power level, which increases the difficulty
of alignment. As such microvia fabrication aims at high-
density PCB design, aligning a large number of via holes with
zero tolerance for errors increases the cost and complexity.

Second, in AiP and system on package (SoP) applications,
interconnection using wire bonding is widely used, whereas the
performance is significantly influenced by the discontinuity
introduced. Amethod to reduce the discontinuity is to print the
bond wire along with the circuitry and antenna [19, 32]. As the
overall structure is manufactured in a fully inkjet-printing
manner, the AiP application can prevent additional assembly
and discontinuity. However, the development of this approach
has not been given the attention it needs.

-e third challenge is the development of flexible antenna
arrays. Previously, several flexible substrates have been
implemented, including paper [7–11], polyethylene tere-
phthalate (PET) [12–14], polyimide (PI) [15–17], liquid crystal
polymer (LCP) [18], FLGR02 [19], polydimethylsiloxane
(PDMS) [20], polytetrafluoroethylene (PTFE) [21], and leather
[22]. -e antenna configuration includes monopole [8–15],
patch [14, 18, 20, 21], dipole [15], inverted-F [16], quasi-Yagi
[19], and slot [22]. Most of the antenna is a single element
[7–13, 15–17, 19–22]; however, relatively few studies propose
inkjet-printed flexible antenna arrays [14, 18, 33–35]; and these
antenna arrays have not been tested over folding angles. When
multiple elements are excited as an array, flexible substrates rise
to the challenge of a bending feeding network and the dis-
tortion of patterns. -e direction of the main beam and nulls
could be adversely affected. In addition, the impedance
matching could be detuned. -us, designing a flexible array
structure is more challenging than developing a single element.
More studies should be conducted to investigate the array
structure on a flexible substrate.

-e goal of this paper is to address the three limitations,
enabling a low-cost, low-complexity, and fully inkjet-printing
scheme for AiP, SIW, SoP, and flexible antenna arrays.We first
demonstrate a via fabrication method for AiP and SIWs. -e
proposed technique conducts drilling by a mechanical ap-
proach without flipping a substrate, thereby removing the
alignment error. -e mechanical drilling also prevents the
precise control of laser power levels. Furthermore, by printing a
cylindrical-surface hole six times, silver nanoparticles canmake
a continuous pathway for each end.-e proposed technique is
validated in terms of two-port microstrip lines and SIWs
fabricated on various substrates. -e comparison between the
proposed technique and the conventional shorting pin will be
demonstrated. Next, the fully inkjet-printing mechanism is
extended to wire bonding. -e capability of the proposed
technique will be exhibited through the test of continuity.
Afterward, the fully inkjet-printing technique is applied to SIW
cavity slot antennas and flexible 4× 4 patch arrays. Simulated
and measured results will be provided.

2. Fully Inkjet-Printed Via Hole with Reduced
Fabrication Complexity

2.1. Proposed Via Hole. -e proposed fully inkjet-printed
SIW reduces the misalignment mismatch, mechanical stress,

and fabrication complexity from the conventional technique
using laser driller. For thick substrates, the stepped-hole
method drills the top side of the substrate and generates
several concentric circular cylinders. -e same procedure is
performed for the bottom side of the substrate until each end
is connected by the stepped hole, where the first and second
steps of the top and bottom sides are drilled with the same
radius, respectively. -us, the alignment of the holes on each
side requires high sensitivity. In addition, repetitive drilling
may incur a larger amount of mechanical stress.

In contrast, the proposed method performs drilling
using a mechanical approach, as shown in Figure 1. -e
positions of via are marked, and the through holes are
generated for all the vias without flipping the substrate. -e
alignment issue is thus prevented. Moreover, as the process
requires no repetitive drilling, the mechanical stress is re-
duced. -e thermal stress is also lowered, for the through
holes are drilled at a room temperature. Afterward, this
cylindrical surface is plated with silver nanoparticles six
times. -e printing procedure employs a materials printer
Fujifilm Dimatix DMP-2850 from SIGMA Technology,
Taiwan, to deposit silver nanoparticles, the conductivity of
which is 9.1× 106 S/m. -e via holes are plated along with
other conductive components; therefore, the generation of
the overall structure is efficient. Although numerous via
holes are present, plating the overall structure takes only
150 seconds. -e material printer deposits nanoparticles to
the drilling hole with a voltage of 30V at 28°C. -e gravity
force stretches the inks along the cylindrical surface. While
coating the surface for one time may result in discontinuity
or cracks, printing the surface six times averages out the
adverse effects, which further result in a continuous metallic
pathway. After one set of the metallization process is
completed, the inkjet-printed application is sintered from
40°C to 200°C, with an incremental step of 20°C. -e final
thickness of the conductor is 15 μm. Even though the surface
is not drilled by the stepped topology, continuous and
smooth conductive paths can be observed. -e equivalent
resistance of the via hole is about 1.0mΩ.

2.2. Validation. -e proposed technique is suitable for
various substrates with different thicknesses. For validation
purposes, we test the conductive pathway and compare the
performance with the conventional shorting pin. Figure 2
shows a microstrip line fabricated on multiple layers. -e
two substrates are RO 4003C (dielectric constant εr � 3.55
and loss tangent tanδ � 0.0027) with the same thickness of
0.813mm. -e design frequency is 2.4GHz. -e trace is
implemented on the top substrate, but the middle segment is
truncated purposely and embedded into the middle layer.
-e top and middle traces are interconnected by either the
proposed via hole or the shorting pin, resulting in two test
pieces for comparison. In addition, to evaluate the additional
loss caused by the discontinuity, another test piece with a full
trace on the upper layer is fabricated. -e two-port scat-
tering parameters of the three circuits are measured.

Figure 3 shows the simulated and measured results for
the three microstrip lines. All circuits depict comparable
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Figure 1: Fabrication process of the fully inkjet-printed via hole.
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Figure 2: (a) -e geometry of the fully inkjet-printed microstrip line and (b) the photograph of the test piece.
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Figure 3: Transmission coefficient resulting frommicrostrip lines connected using the proposed via hole, shorting pin, and intact structure.
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transmission coefficients between simulation and mea-
surement; in particular, the difference between the intact
trace and the truncated traces is about 0.5 dB. -e loss is
caused by the discontinuity of two truncated traces. -e
additional loss of the proposed via hole is similar to that of
the shorting pin.

Furthermore, SIWs are constructed by the proposed via
hole and shorting pin to compare the insertion loss. -e
substrate of the SIW is selected as the RO 4003C and PI
(εr � 3.43 and tanδ � 0.017), the thickness of which are
0.813mm and 0.125mm, respectively. Figure 4 demonstrates
the dimensions and photographs of the two-port SIW cir-
cuits. -e operating frequency is 5.8GHz. -e two ports are
terminated with microstrip lines, the characteristic imped-
ance of which is 50Ω. To reduce the field mismatching, the
transition is constructed into a tapered structure. -e ta-
pered microstrip line is synthesized using full-wave HFSS
simulation, with respect to minimized insertion loss. -e
distributions of E-fields indicate that the TEM mode is
converted into TE10 fundamental mode, suggesting that the
SIW can propagate waves within the fully inkjet-printed
waveguide. Referring to Figure 4(a), the SIWs fabricated on
RO 4003C and PI use A� 60.6mm and B� 1.8mm and
A� 50.0mm and B� 0.28mm, respectively. To compare the
field loss caused by the cylindrical surface via hole and the
conventional shorting pin, the SIWs are designed and op-
timized using both approaches.

Figures 5 and 6 show the simulated and measured results
of the SIWs fabricated on RO 4003C and PI, respectively.
-e discrepancy between simulated and measured results is
less than 0.5 dB. Concerning the RO4003C, the transmission
coefficients using the cylindrical-surface via hole and the
conventional shorting pin are –1.52 dB and –1.41 dB at
5.8GHz, respectively, indicating that the via hole can pre-
serve field matching and impedance matching. Concerning
the PI, once again, no significant difference is caused by the
proposed fabrication.-e transmission coefficients using the
proposed technique and the conventional shorting pin are
–3.88 dB and –4.36 dB, respectively. -e insertion loss using
the PI is larger than that using the RO 4003C, as the loss
tangent is higher and the thickness is smaller. Such addi-
tional loss is caused by the material property, instead of the
via hole. -e results show that the inkjet-printed via hole is
capable of preserving SIW signal integrity even though the
fabrication procedure is simplified.

3. Fully Inkjet-Printed Wire Bonding

3.1. Proposed Wire Bonding. Next, the fully inkjet-printing
approach is applied to the wire bonding of AiP and SoP. As a
proof of concept, Figures 7(a) and 7(c) depict the inter-
connection using the fully inkjet-printing technology. -is
scenario does not implement an integrated circuit (IC) die.
-e interconnection is emulated through two truncated
microstrip lines, where the traces are to be connected by a
bond wire. -e packaging substrate is a 0.813mm thick RO
4003C. To develop the interconnection between the two
traces, the gap is first printed by SU-8 ink (εr � 3.2 and
tanδ � 0.04), which can form a dielectric layer [32]. -e

thickness of the dielectric layer can be controlled by printing
an incremental thickness of 2.5 μm per layer. In this study,
four layers of the SU-8 ink are printed and hard-baked at
120°C for 20minutes. After sintering, the silver nano-
particles are printed onto the SU-8 layer, creating the
conductive pathway for each end. -e proposed procedure
does not requiremanual placement of a conductive wire, and
thus, the continuity of the bond wire is smoother than the
conventional approach.

3.2.Validation. For comparison purposes, another test piece
that uses the manual placement of an external copper wire is
fabricated, as shown in Figure 7(b). -e continuity of the
conductive pathway is tested in terms of the relationship
between voltage and current. -e current is gradually in-
creased from 0.1 A to 0.9 A, and the voltage across the bond
wires is measured by a digital multimeter.

Figure 8 presents the results of the two approaches. For
the proposed fully inkjet-printing wire bonding, the voltage
is varied from 0.26mV to 2.98mV. In contrast, for the
conventional approach using an external copper wire, the
voltage ranges from 0.50mV to 4.41mV. -e fully inkjet-
printing technology leads to smaller resistance, thereby
reducing the discontinuity for the interconnection. More-
over, this technique does not require additional manual
assembly, and thus, it increases the efficiency in fabrication.

4. Fully Inkjet-Printed Antennas

4.1. SIWCavitySlot. After examining the fully inkjet-printed
circuits, the proposed technique is applied to antenna ap-
plications including SIW cavity antennas and patch antenna
arrays. First, we test whether the cavity mode can be gen-
erated using the proposed via hole. -e RO 4003C and PI
described in Section 2 are implemented, and radiation slots
are designed within the cavity formed by either shorting pins
or inkjet-printed via holes. Figure 9 presents the geometry
and photographs of the fully inkjet-printed slot antennas.
-e cavity is fed by a tapered microstrip line, where the
width is optimized with respect to a minimized reflection
coefficient at the input port at 5.8GHz. Referring to
Figure 9(a), the optimum geometric parameters for the SIW
antennas fabricated on RO 4003C and PI are a� 7.7mm,
b� 30.3mm, c� 16.0mm, d� 3.5mm, e� 12.3mm, and
g � 1.8mm and a� 7.8mm, b� 30.2mm, c� 16.1mm,
d� 1.2mm, e� 10.2mm, and g � 2.0mm, respectively.

-e working principle of the SIW cavity slot antenna can
be explained by parametric studies. -e most crucial pa-
rameter is the length of the slot, namely, c. Concerning the PI
substrate, c is varied over 15.1mm, 15.6mm, 16.1mm, and
16.6mm, and the simulated reflection coefficients are shown
in Figure 10. -e results indicate that variable slot lengths
cause significant changes for the resonant frequency. A
longer slot length resonates at a lower frequency. To tune the
resonant frequency at 5.8GHz, the length of the slot is
selected as c� 16.1mm.

Figure 11 presents the impedance matching for the two
antennas fabricated on RO 4003C. At 5.8GHz, the antennas
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demonstrate a reflection coefficient smaller than –15 dB,
indicating good impedance matching is achieved using the
inkjet-printed cavity. Again, no significant differences are
identified between the inkjet-printed via hole and the
shorting pin.

Figure 12 demonstrates the radiation patterns of the SIW
cavity slots. -e patterns indicate broadside radiation with
half-power beamwidths (HPBWs) of 72° and 85° on the
E-plane and H-plane, respectively, regardless of the type of
the substrates. For the SIW cavity formed by the inkjet-
printed via hole, the peak gain at 5.8GHz is 6.1 dBi, which is
consistent with the peak gain of the SIW cavity formed by
the shorting pin (6.3 dBi). For the antenna fabricated on PI,
the gain is reduced due to the additional loss; however, when

the difference between the two fabrication methods is
evaluated, the proposed fully inkjet-printed via hole pro-
vides similar results.-ese results confirm that the technique
presented in Section 2 can be applied to the development of
SIW cavity antennas.

4.2. Flexible Series-Fed Patch Array. Afterward, the fully
inkjet-printing technology is extended to flexible antenna
arrays. -e flexible substrates are selected as PI and poly-
ethylene naphthalate (PEN, εr � 3.42 and tanδ � 0.005),
which can conform to nonplanar surface and have been used
in a wide range of soft electronics. -e thickness of both
substrates is 0.125mm. -e capability of the proposed
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Figure 4: (a) -e geometry of the fully inkjet-printed SIW and the photographs of the test piece fabricated on (b) RO4003C and (c) PI.
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Figure 5: Transmission coefficient resulting from the via hole and
shorting pin fabricated on the RO 4003C substrate.
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Figure 6: Transmission coefficient resulting from the via hole and
shorting pin fabricated on the PI substrate.
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method is examined for a series-fed 4× 4 patch array. -e
antenna is designed at 28.0GHz, and the goal is to cover the
millimeter-wave fifth-generation (5G) frequency band.

-e design of the 4× 4 patch array starts with creating a
4×1 subarray. Figure 13 illustrates the geometry and
photographs of the 4×1 subarray. -e width of the
microstrip line is set to a characteristic impedance of 50Ω.
-e dimensions of the patch and the spacing between ele-
ments are designed to achieve broadside radiation and
sufficient impedance matching. In particular, the spacing

including l3, l4, and l5 are tuned so that the four elements are
fed by in-phase currents leading to constructive radiation.
Referring to Figure 13(a), the geometric parameters are
l1 � 9.95mm, l2 � 2.92mm, l3 � 2.93mm, l4 � 2.93mm,
l5 � 2.93mm, l6 � 2.89mm, w1 � 0.28mm, and w2 � 2.91mm
and l1 � 9.85mm, l2 � 2.87mm, l3 � 2.89mm, l4 � 2.89mm,
l5 � 2.89mm, l6 � 2.84mm, w1 � 0.27mm, and w2 � 3.20mm
for the PI and PEN, respectively.

-e workingmechanism of the series-fed patch array can
be explained by cascading different numbers of patches.
Concerning the PI substrate, the design is initiated by
creating a single patch element, the dimension of which is
2.92× 2.91mm2. -e reflection coefficient of the single el-
ement is shown in Figure 14, illustrating the resonance at
28.0 GHz. To enable in-phase radiation, the second patch
element is connected to the initial patch by a separation of
half wavelengths, 2.93mm. -e resultant impedance
matching is readily achieved, requiring no additional tuning
for the geometry, as shown in Figure 14. Following this
working mechanism, the third and fourth patch elements are
connected to the previous stage. -e separation is kept as
2.93mm to fulfill the requirement of in-phase radiation. -e
antenna performance is also depicted in Figure 14. As a
result, the 4×1 subarray is designed in a systematic manner.

After examining the circuit and radiation parameters for
the subarray, a four-way power divider is designed to feed
each subarray. Figure 15 shows the geometry and photo-
graphs of the 4× 4 array. -e geometric parameters of the
elements require further fine-tuning to accommodate var-
ious folding angles. Referring to Figure 15(a), the geometric
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Figure 7: Interconnected bond wire fabricated using (a) the proposed fully inkjet-printing technique and (b) the conventional approach.
(c) -e close-up view of the fully inkjet-printed bond wire.
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Figure 9: (a)-e geometry of the fully inkjet-printed SIW antenna and the photographs of the SIW antenna fabricated on (b) RO4003C and
(c) PI.

5.00 5.25 5.50 5.75 6.00 6.25 6.50
-30

-20

-10

0

Frequency (GHz) 

c = 15.1 mm
c = 15.6 mm

c = 16.1 mm
c = 16.6 mm

c

Re
fle

ct
io

n 
co

ef
fic

ie
nt

 (d
B)

Figure 10: Parametric study for the length of the SIW cavity slot antenna.
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Figure 11: Reflection coefficient of the SIW cavity slot antennas fabricated using the proposed fully inkjet-printed via hole and the shorting
pin.
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parameters are L1 � 6.78mm, L2 � 0.06mm, L3 � 0.96mm,
L4 � 0.97mm, L5 � 0.06mm, L6 �1.70mm, L7 �1.66mm,
L8 � 2.92mm, L9 � 2.93mm, L10 � 2.99mm, L11 � 2.94mm,
L12 � 2.80mm, W1 � 0.28mm, W2 � 7.03mm,
W3 � 0.15mm, W4 � 0.28mm, W5 � 3.51mm,

W6 � 0.15mm, W7 � 0.28mm, and W8 � 2.91mm and
L1 � 6.69mm, L2 � 0.06mm, L3 � 0.95mm, L4 � 0.98mm,
L5 � 0.06mm, L6 �1.68mm, L7 �1.64mm, L8 � 2.87mm,
L9 � 2.89mm, L10 � 2.89mm, L11 � 2.89mm, L12 � 2.78mm,
W1 � 0.27mm, W2 � 6.96mm, W3 � 0.14mm,
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Figure 12: Pattern of the SIW cavity slot antennas fabricated on (a) RO 4003C and (b) PI.
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W4 � 0.27mm, W5 � 3.48mm, W6 � 0.14mm,
W7 � 0.27mm, and W8 � 3.20mm for the PI and PEN,
respectively.

-ese subarrays and 4× 4 arrays are tested in terms of
different folding angles. Figure 16 illustrates the folding

condition for these antennas. -e folding of the substrate is
characterized by placing the antenna on curved foam sur-
faces. -e foam cylinders have different radii, mimicking
various folding angles. -e antenna performance is tested in
planar mode and under bending. -e folding angles are
selected as 20°, 30°, and 40°, corresponding with radii of
21.5mm, 14.3mm, and 10.7mm, respectively.

Figure 17 presents the impedance matching of the
subarray and the 4 × 4 array against folding extents. -e
subarray depicts robust impedance matching except for a
folding angle of 40°. Under the planar mode and slight
bending, the impedance bandwidths are consistent and can
cover the millimeter-wave 5G frequency band. Concerning
the 4× 4 array, the impedance bandwidth is broadened and
less sensitive to the effect of folding.-e underlying reason is
the length of the short side. For the 4×1 subarray, the length
of the short side is 15mm, whereas the 4× 4 array has a short
side of 30mm.-us, the phase center of the 4×1 subarray is
closer to the edge of the short side; when the antenna is
folded by a larger angle, such as 40° in this case, the central
element is directly bent, and thus, the geometry suffers from
more severe deformation, which causes a frequency shift for
the reflection coefficient. As the 4× 4 array uses a wider short
side (30mm), the phase center is away from the edge, and
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Figure 13: (a)-e geometry of the fully inkjet-printed 4×1 flexible subarray and the photographs of the antenna fabricated on (b) PI and (c)
PEN.
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the central element is slightly deformed. -is keeps the
impedance matching robust against the folding angles.
Nevertheless, the reflection coefficients are below –10 dB and
over 27.5–28.5GHz for all the scenarios.

Next, the antennas are tested with respect to far-field
radiation. Figure 18 shows the experiment in a far-field
anechoic chamber. Figure 19 shows the radiation patterns.
For the subarray, the HPBWs on the E-plane are 21°, 22°, and
23° for folding angles of 0°, 20°, and 40°, respectively, whereas
the HPBWs on the H-plane are 69°, 74°, and 84°. -us, a
larger folding extent broadens the HPBW. Nevertheless,
significant broadside radiation is observed, and the

broadside gains at folding angles of 0°, 20°, and 40° are 10.1
dBi, 9.9 dBi, and 9.2 dBi, respectively. For the 4× 4 array, the
HPBWs on the E-plane (H-plane) are 23° (18°), 24° (26°), and
25° (75°) for folding angles of 0°, 20°, and 40°, respectively.
Once again, the larger the folding angle, the broader the
HPBW is. -e E-plane pattern shows a more directive main
beam as compared to the H-plane pattern. As illustrated in
Figure 16, the folding is performed along the direction of the
H-field. -e E-plane pattern is created by the four elements
connected in series, so they are not affected by various
folding angles. In contrast, as the antenna structure is folded
along the direction of the H-field, the elements on the fringe
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Figure 15: (a)-e geometry of the fully inkjet-printed 4× 4 flexible patch array and the photographs of the antenna fabricated on (b) PI and
(c) PEN.
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20° 40°
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Figure 16: Illustrations of the folding of (a) 4×1 subarray and (b) 4× 4 patch array.
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Figure 17: Reflection coefficient of the (a) 4×1 subarray and (b) 4× 4 patch array under different folding angles.

Figure 18: Photograph of the folding of the antenna under test for far-field measurement.
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Figure 19: Continued.
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fail to create in-phase radiation with the elements located on
the phase center. -is broadens the main beam of the
H-plane plane and reduces the directional property. -is
suggests that the folding angle of the flexible array appli-
cations should not exceed 20°.

In addition, the gain and efficiency results as the function
of frequency are shown in Figure 20.-e realized gain agrees
with the patterns depicted in Figure 19.When the 4× 4 patch
array is folded as severely as 40°, the increasing HPBW
reduces the directivity of the antenna.-is further lowers the
peak gain. Additionally, the radiation efficiency is reduced
over folded angles. -is confirms the observation of the
fringing elements that have difficulty creating in-phase ra-
diation with the central elements.

5. Discussion

-e distinct features of the proposed technique are shown in
Table 1. As can be seen, this study advances the inkjet-
printing technology to the fully inkjet-printed RF front end.
Some studies employ inkjet printing for the metallization of
passive components, whereas the vias are fabricated by
copper pillars or other conductive pins [3]‒ [6, 28, 29]. -is
additional procedure is not compatible with inkjet printing.
Moreover, the silver nanoparticles and the copper rivets
require additional soldering to ensure conductive conti-
nuity, thereby decreasing the efficiency of manufacturing.

Although some studies have employed fully inkjet-
printed vias to develop SIW antennas [30, 31], this study
reduces the misalignment mismatch, mechanical stress, and
fabrication complexity from the laser-drilled and multiple
concentric stepped-via topology. In addition, the proposed
technique can be applied to the wire bonding for active
components [32]. Summarizing these features, the contri-
bution of this study is the efficiency enhancement of inkjet-
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Figure 19: Patterns of the (a) 4×1 subarray and (b) 4× 4 patch array under different folding angles.
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printing fabrication and the continuous improvement of
conductive pathways.

6. Conclusion

-e fully inkjet-printing technology with reduced fabrication
complexity has been reported. -e proposed technique is
demonstrated through three components, namely, via holes,
wire bonding, and flexible antenna arrays. -e novelty of the
proposed technique is fourfold. First, the proposed fully inkjet-
printing technology integrates the fabrication of the entire RF
front end, including antennas, passive components, via holes,
and wire bonding for active components, using only one
metallization procedure. Second, as compared to the earlier
inkjet-printed via holes, the proposed manufacturing method
prevents the requirement of alignment sensitivity or the precise
control of laser power level. -ird, concerning the fully inkjet-
printed wire bonding, the proposed technique is compatible
with other inkjet-printed components, greatly reducing the
discontinuity caused by the conventional external wire. -e
proposed technique has been compared with the conventional
PCB fabrication. -e results suggest that the fully inkjet-
printing technology leads to superior performance, whereas the
fabrication complexity and manufacturing cost are reduced.
Fourth, the fully inkjet-printing technology can generate SIW
cavity antennas with desirable reflection coefficients and ra-
diation patterns, and it can develop patch antenna arrays with
strong broadside radiation against moderate folding of the
substrate. It is expected that the proposed technique enhances
the efficiency of fabrication in cost and time, bringing more
fascinating inkjet-printed AiP, SIW, and SoP applications.
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