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Abstract. In this paper we present the design, electromagnetic simulation and experimental results of a 35 GHz Low Temperature Co-Fired Ceramics (LTCC) antenna and a LTCC grounded coplanar waveguide (GCPW) to
stripline (SL) transition. The stripline-fed antenna and the GCPW-to-SL transition are designed for a six-tape LTCC process. For characterization purposes,
two back-to-back transitions are fabricated and measured, showing reﬂection
losses lower than –10 dB between 27–46.7 GHz, and insertion losses lower than
1.5 dB in this frequency range. The insertion losses of the back-to-back transition are remarkably low in the whole Ka band (26.5–40 GHz), with estimated
losses between 0.15–0.5 dB for a single transition. The antenna element has four
parasitic microstrip patches and a simulated directivity of 8.2 dBi at 35 GHz.
The antenna element integrated with the transition is fabricated and characterized on wafer. The integrated structure shows measured reﬂection losses lower
than –10 dB between 34.48–36.39 GHz. The transmission characteristic as a
function of frequency is recorded and in good agreement with the simulated
gain. The overall size of the fabricated antenna with transition is 6.24 × 8.975
mm2 , with the standalone antenna element having a size of just 6.24×6.15 mm2 .
Keywords: Antennas, coplanar waveguide transition, electromagnetic modeling, LTCC, millimeter wave circuits, stripline.

306

A. C. Bunea et al.

1. Introduction
The constant need for better overall system performance and small size has led
to the increasing use of 3D vertical integration technologies for the manufacturing of
microwave and millimeter wave components. The two main approaches for multilayer
processing are the printed circuit board (PCB) and the Low Temperature Co-Fired
Ceramics (LTCC) technologies. In the ﬁrst case, the circuits are processed on diﬀerent
boards, which are then stacked together and connected by means of metalized vias.
This process is fast and low-cost but the accuracy of the printed geometry (thick
copper) as well as the alignment between diﬀerent layers and the lossy thick substrates
have made it better suited for lower frequency applications (few GHz). For high
performance microwave and millimeter wave circuits the LTCC technology is a better
choice. In this case, low-loss ceramic tapes are ﬁred and a metal paste (silver or gold) is
applied. The metal is patterned and via holes are made where needed. The process is
repeated for up to many tens of layers. Compared to the PCB technology, LTCC oﬀers
low conductor and dielectric losses, good deﬁnition of the patterned metallization,
good thermal conductivity, stability and hermiticity and is therefore usually the choice
for high-end microwave and millimeter wave applications (automotive, aeronautical
applications etc.) [1–3].
Antennas are the interface between free space propagation and guided propagation
in the integrated transmission lines. Their performance dramatically aﬀects the whole
wireless system performances. A large gain is desired, which usually leads to the
design of multi-element arrays and a large occupied area. Because of its mechanical
and thermal properties LTCC can also be used as a package for active components.
By processing the antenna in LTCC technology, together with other passive circuits,
a System-in-Package (SiP) approach is possible [4].
In this paper we present the design and characterization of a LTCC antenna
element in a six dielectric tape process. This antenna element takes advantage of
the 3D vertical integration possibilities of the LTCC technologies and can be further
integrated in a larger SiP approach. The antenna element is designed to operate at
35 GHz, where, due to a minimum atmospheric absorption, one target application
is the millimeter wave passive imaging. The millimeter wave passive imaging is an
extension of the systems working in the visible and infrared regions. It has already
found numerous applications like the detection of concealed weapons [5], enhanced
vision systems for the airplanes [6] or bio-medical applications [7].
The aperture coupled microstrip patch antenna (MPA) element has four parasitic
patches and is fed by a stripline (SL). The idea of using microstrip parasitic patches
was ﬁrst introduced in [8], where the antenna was fed by a microstrip line. The use
of the SL feed was ﬁrst proposed in [9] for 77 GHz operating frequency. An improved
conﬁguration was reported in [10] for 35 GHz frequency applications.
Since the stripline is diﬃcult to access from the exterior, a transition to a coplanar
waveguide (CPW) transmission line is needed to connect the antenna to the characterization system as well as to active circuits. This transition must be wideband and
should not aﬀect the antenna radiation characteristics. For example, the transition
reported in [11] is wideband, demonstrates measured low losses, but the circular aper-
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ture in the ground plane of the SL will aﬀect the electromagnetic ﬁeld radiated by
the antenna element.
This paper is divided in ﬁve sections. Section 2 describes the electromagnetic
modeling and simulation of a wideband grounded coplanar waveguide (GCPW) to
stripline transition for the Ka band (26.5–40 GHz). Starting from the electric ﬁeld
distribution, the transition was designed according to the same LTCC process used for
the antenna. It exhibits good matching and low simulated losses in the whole Ka band
due to the proper mode conversion between the quasi-transversal electromagnetic
(QTEM) mode of the GCPW and the transversal electromagnetic (TEM) mode of
the SL.
Section 3 gives a detailed description of the LTCC antenna element design. The
2D radiation characteristics are analyzed for both directivity and gain, showing that
the proposed element has very good radiation behavior in the Ka band. Besides the
parametric analysis of layout parameters, an analysis of the main technological parameters (the permittivity and ﬁred tape thickness of the dielectric) is also performed.
It is demonstrated that the permittivity of the material has a higher inﬂuence than
the thickness, determining a frequency shift of the S11 parameter and explaining the
slight diﬀerence between simulated and measured S11.
The transition is fabricated and characterized in a back-to-back approach and the
measured results are presented in Section 4. The antenna element with a transition
to GCPW is fabricated in the same run and the measurement results are compared
with simulations in Section 4 B.

2. GCPW to stripline transition
In the LTCC technology it is possible to realize “external” printed transmission
lines (on the external faces of the ceramic) as well as buried transmission lines.
For the available technological process, the parameters for the ﬁred dielectric tape
(Ferro A6M) were a thickness of 96 µm and a permittivity of 5.9 (+/–0.2), with a
loss tangent of 0.002@20 GHz. The gold metal layer has a thickness of 8 µm and a
conductivity of 4.1e7 S/m. The minimum metal strip width that can be processed
for the metal encased in the dielectric is 100 µm, with a minimum spacing between
strips of 50 µm. Metalized vias can be processed through the dielectric tapes, with
a minimum diameter of the vias of 100 µm and the minimum distance between two
vias of 250 µm. Six dielectric layers and seven metalizations were considered in the
design process.
The microstrip line is physically small but has low isolation, higher order mode
propagation at mm-waves, high dispersion and it is diﬃcult to be contacted by the
standard probe tips for on wafer measurements. In the case of a buried microstrip
line the electromagnetic interference can be a serious issue. This type of line has
applications in antennas and is mainly an “external” transmission line in the LTCC
technology [12].
The grounded coplanar waveguide (GCPW) has small size, low dispersion, is compatible with the standard probe tips for on wafer measurements but prone to higher
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order propagation modes and resonances. This line requires careful vias placement
and can be fabricated in the LTCC technology only as an “external” transmission
line.
The stripline (SL) has practically no dispersion, has low radiation losses but allows
higher order mode propagation and is diﬃcult to access. This line can be used only
as a buried transmission line.
In this work we used GCPW for the external feed of the antenna element and SL
for the antenna excitation. A 3D electromagnetic model was developed using CST
MWS. The signal line of the input GCPW is 100 µm wide and the gap is 50 µm
(minimum dimensions required by the design rules). The line was designed for one
ceramic tape because of the number of dielectric layer restriction. The propagation
mode is quasi-TEM (QTEM) and the characteristic impedance is 54 Ω, close to the
system characteristic impedance of 50 Ω. The simulated electric ﬁeld distribution at
35 GHz in a cross-section of the GCPW is shown in Fig. 1a. The ﬁeld lines start from
the signal line and close to the in-plane grounds and to the backside ground plane.
The presence of the backside ground plane lowers the characteristic impedance of a
CPW with a similar geometry without backside ground.
In the case of the SL transmission line, the number of ceramic tape layers is limited
to two. The propagation mode is TEM and due to restrictions imposed by the design
rules the maximum characteristic impedance of the line is about 35 Ω (minimum
strip width of 100 µm). The simulated electric ﬁeld distribution at 35 GHz in a crosssection of stripline is shown in Fig. 1b. The use of two parallel rows of vias to encase
the SL helps to avoid the excitation of parasitic modes that can appear (for example
the substrate integrated waveguide mode).

Fig. 1a. Electric ﬁeld distribution in a section
of the grounded coplanar waveguide (GCPW).
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Fig. 1b. Electric ﬁeld distribution in a section of the stripline (SL).

In order to access the SL-fed antenna element is necessary to design and fabricate
a vertical transition between the GCPW and SL. This transition must be low loss and
broadband. An expanded 3D view of the proposed transition is presented in Fig. 2a
and the ﬁnal layout dimensions are given in Fig. 2b. Dielectric tapes L6, L5 and
L4 are used for the antenna (see next section). The “external” metallic layer M1 is
used for the layout of the GCPW feed line. The GCPW is continued with a 400 µm
shorted stub after the vias which connects through a slotted ground plane (M2) to
the stripline placed on M3. The second ground for the SL is M4. The dielectric layers
L1 and L2 contain the two vias that connect the signal lines of the GCPW and SL
(see Fig. 2b). Several rows of vias are placed between metallic layers M1 and M2 for
connecting the ground planes of the GCPW and between M2 and M4 for connecting
the ground planes of the SL.

Fig. 2a. GCPW to SL transition: expanded view.
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Fig. 2b. GCPW to SL transition: ﬁnal layout dimensions in microns.

The electric ﬁeld distribution along the GCPW to SL transition at 35 GHz is
presented in Fig. 3. The QTEM propagation mode in GCPW is converted to the
TEM propagation mode in SL. The two rows of vias placed perpendicular to the wave
propagation on GCPW and SL prevent electromagnetic power losses. The locations
of the vias were optimized by EM simulations taking into account the electric ﬁeld
distributions.

Fig. 3. Electric ﬁeld distribution in a longitudinal section of the transition
from the GCPW (left) to the SL (right).

The simulated S parameters for the GCPW to SL transition are presented in
Fig. 4. Good matching and low insertion losses from 28 GHz up to 50 GHz can be
observed.

Fig. 4. Simulated S-Parameters for the CPW to stripline transition.
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Port 1 was placed at the GCPW input and port 2 was placed at the SL input.
Both transmission lines are excited using multipin rectangular waveguide ports. Since
the stripline is used to feed the antenna, which has an input impedance diﬀerent from
50 Ohm, the presented S parameter results are normalized at the respective port
impedances (54 Ohm for the GCPW and 35 Ohm for the SL). The stripline was
designed to give a 35 Ohm impedance in order to smooth the transition from the 16
Ohm impedance of the antenna element and the desired 50 Ohm input impedance of
the GCPW.

3. Antenna Structure Modeling
A 3D electromagnetic model of the proposed antenna element was developed,
taking into account the technological parameters of the LTCC process.
An expanded view of the antenna element is shown in Fig. 5. The design uses 6
dielectric layers (L1–L6) and 7 metallization layers (M1–M7). The antenna element
consists of a stripline (M3), encased in two rows of metal vias. The rows of metal vias
span across two dielectric layers and connect the metal layers M2 and M4, which act
as ground planes for the stripline (SL). The ﬁrst (innermost) rows of vias are spaced
at a distance of 1100 µm, which gives a cutoﬀ frequency of the equivalent substrate
integrated waveguide (SIW) of 58.38 GHz, successfully suppressing the propagation
of the parasitic TE1,0 mode. Simulation results of the electric ﬁeld distribution along
the stripline show the correct propagation of the TEM mode. The second row of
vias was added during the design process in order to limit the energy leakage in the
substrate. Furthermore, a transversal row of vias is added after the stripline, creating
a SIW-like stub which adds an additional degree of freedom in the design of the
antenna element.
The energy from the stripline is coupled to a microstrip patch placed on the metal
layer M6 through a coupling slot, processed in the stripline ground plane on M4.
The energy from the microstrip patch is radiated through the dielectric layer L6 and
reaches four microstrip patches placed on the metal layer M7. The four patches
re-radiate the energy into free space.

Fig. 5. Expanded view of the antenna element.
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Extensive parametric studies were performed for the optimization of the input
matching and radiation performance of the antenna element.
The concept of design using parametric studies enables the user to take decisions
during the optimization process, considering the intermediary results, instead of letting the machine-based optimization routine make the choices. Usually, the built-in
optimization routines require a large number of simulation runs, which are time and
resource intensive. A limited number of parameters are identiﬁed as decisive for the
ﬁnal antenna performances and are selected for the parametric analysis. In the end,
the designer settles for a tradeoﬀ between the main goals, which are the directivity
and the matching of the antenna element, as well as the shape of the 3D radiation
pattern.
One important parameter for the input matching is the strip stub length. The
strip stub is deﬁned as the length of the strip exceeding the center of the coupling
slot (Fig. 6a). The eﬀect on the S11 parameter is quite strong both on the amplitude
and frequency where the minimum occurs (Fig. 6b).

(a)

(b)

Fig. 6. Eﬀect of the strip stub: (a)layout deﬁnition of the strip stub;
(b) |S11| parameter for diﬀerent stub lengths (in microns).

In [10] we explored the eﬀect of the size of the parasitic patches on the input
matching and directivity. We now extend the study to the processing technology
tolerances. Two very important parameters which tend to vary from batch to batch
in the LTCC technology are the permittivity (eps) and thickness (hd) of the ﬁred
dielectric tape. This technological dispersion is studied in Fig. 7. The eﬀect of the
relative permittivity of the dielectric on the reﬂection losses is shown in Fig. 7a, while
the eﬀect on the gain is shown in Fig. 7b. A frequency shift of over 1 GHz can be
observed for the minimum of the S11 parameter. The gain is also inﬂuenced by the
varying permittivity with a very strong inﬂuence in the 30–32 GHz frequency range.
The eﬀect of the variation of the ﬁred dielectric tape thickness on the reﬂection losses
(Fig. 7c) and on the gain as a function of frequency (Fig. 7d) is only slight. This
indicates that the most important technological tolerance which must be taken into
account is the permittivity of the dielectric tape.
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Fig. 7. Processing technology tolerances eﬀects on antenna performance: (a) eﬀect of
the relative permittivity of the dielectric on the reﬂection losses; (b) eﬀect of the relative
permittivity of the dielectric on the gain as a function of frequency; (c) eﬀect of the
variation of the ﬁred dielectric tape thickness on the reﬂection losses; (d) eﬀect of the
variation of the ﬁred dielectric tape thickness on the gain as a function of frequency.

(a)

(b)

Fig. 8. Final layout dimensions: (a) for the metal layers M6 and M7;
(b) for the metal layers M3 and M4 (all sizes are given in microns).
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Figure 8a and 8b show the ﬁnal layout dimensions (in microns) for the metal layers
M3, M4, M6 and M7. The vias were chosen with the minimum available diameter
of 100 µm, placed at a distance of 250 µm in order to shield the stripline and limit
energy leakage. Because the ﬁnal width of the coupling slot (1400 µm) is wider than
the inner rows of vias (1100 µm), the vias in the slot area were removed. Some leakage
may be observed in that area, but it is eﬀectively blocked by the second set of vias
(external vias rows), as shown in Fig. 9.

Fig. 9. Electric ﬁeld distribution at stripline level.

The simulated 2D radiation characteristics at 30 GHz (solid trace), 35 GHz (dashed
trace) and 40 GHz (dotted trace) are shown in Fig. 10. The radiation from the active patch is coupled to the parasitic patches and reradiated with a maximum in the
normal direction to the plane of the patches. At 35 GHz, there are virtually no side
lobes, with simulated back lobe levels lower than –20 dB and a high radiation eﬃciency of about 73%. The maximum simulated directivity at 35 GHz is ∼ 8 dBi. The
directivity in the H and E planes is plotted in Fig. 10a and 10b and the antenna gain
in the H and E planes is shown in Fig. 10c and 10d.
A frequency sweep of the Ka band shows very good radiation behavior in the whole
band, with maximum directivities over 7 dBi and very low back lobe levels. The main
eﬀect observed is a tilt of the lobe between –15◦ at 26.5 GHz and +5◦ at 40 GHz in
the E plane. The directivity has a low frequency-dependence since it represents the
general radiation capabilities of the antenna. On the other hand, the gain takes into
account not only the dielectric and metal losses but also the mismatch losses. The
result is a similar shape of the 2D radiation characteristic but with lower radiation
levels. For example, the gain at 35 GHz is the highest, since the matching is best
around that frequency. But at 30 GHz and 40 GHz the gain drops below 0 dB.
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Fig. 10. Simulated 2D radiation characteristics for the antenna element at 30 GHz
(solid trace), 35 GHz (dashed trace) and 40 GHz (dotted trace): (a) directivity H-plane;
(b) directivity E-plane; (c) gain H-plane; (d) gain E-plane.

The GCPW-to-SL transition was simulated together with the antenna element
and the comparison of the |S11| parameter for the standalone antenna element and
the antenna element with the transition is shown in Fig. 11. The very good performance of the transition leads to only slight eﬀects on the input matching and overall
performance of the antenna.

Fig. 11. Comparison of |S11| parameter for the standalone antenna
element and the antenna element with the GCPW-to-SL transition.

316

A. C. Bunea et al.

4. Experimental Results
A. Back-to-back GCPW-to-SL transition
For characterization purposes, two GCPW-to-SL transitions were placed backto-back. The transition performances are measured with a standard vector network
analyzer (VNA) with an on wafer characterization system. A photo of the manufactured structure, contacted with ground-signal-ground (G-S-G) probes is shown in
Fig. 12.

Fig. 12. Photo of the fabricated back-to-back GCPW-SL-GCPW transition under test.

The back-to-back transition was also simulated using the CST MWS software
and a comparison between the simulated and the measured S-Parameters is shown
in Fig. 13a, with a detail of the insertion losses in Fig. 13b. The two back-to-back
transitions have measured reﬂection losses lower than –10 dB between 27–46.7 GHz,
with insertion losses lower than 1.5 dB in this frequency range. The insertion losses of
the back-to-back transition are remarkably low in the whole Ka band, with estimated
losses between 0.15 –0.5 dB for a single transition.

(a)

(b)

Fig. 13. Comparison of measurement (solid traces) and simulation (dotted traces) results
for the back-to-back GCPW-SL-GCPW transition: (a) wideband S11 and S21; (b) detail of
S21 in the 25–50 GHz frequency range.
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B. Antenna with GCPW-to-SL transition
The antenna structure with the GCPW-to-SL transition was manufactured and
photos of the fabricated structure are shown in Fig. 14a – the parasitic patches side
– and Fig. 14b – the GCPW side. The total size of the structure is 6.24 × 8.975 mm2 ,
with the standalone antenna element having a size of just 6.24 × 6.15 mm2 .

(a)

(b)

Fig. 14. Fabricated antenna with GCPW-to-SL transition:
(a) parasitic patches side; (b) GCPW side.

(a)

(b)

Fig. 15. Experimental results (solid red trace) vs. simulations (dotted black trace) for:
(a) the |S11| parameter; (b) measured transmission vs. simulated gain.

The antenna structure was measured on wafer, suspended over a wideband absorbent material. The S11 parameter was recorded and is plotted in comparison with
the simulated results in Fig. 15a, showing an overall good agreement. The frequency
shift from the measured results can be attributed to the fabrication tolerances, for
example a slight variation of the permittivity, as was shown in Fig. 7a. The measured
input matching bandwidth (for |S11| < −10 dB) is between 34.48–36.39 GHz, with a
minimum value of –23 dB at 36 GHz.
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In order to verify the radiation performances of the antenna, transmission measurements were performed. The measurement conﬁguration consisted of a rectangular
Ka band waveguide ﬂange connected at the second port of the VNA placed at a distance of 15 cm from the antenna under test. The transmission parameter (|S21|) is
then recorded as a function of frequency. A comparison of the measured transmission
parameter and the simulated gain is shown in Fig. 15b and shows very good agreement in the general trend. The reference level is diﬀerent for the two curves because
calibrated gain measurements were not possible with the available VNA equipment.

5. Conclusions
This paper presents two standalone LTCC components – a 35 GHz antenna element and a Ka band GCPW-to-SL transition – and the integration of the two elements, both designed to be fabricated in a six-tape LTCC process. The antenna
element was optimized and showed a simulated directivity higher than 7 dBi in the
whole Ka band and 8.2 dBi at 35 GHz, while the gain at 35 GHz is 7.6 dBi. The design
and parametric analysis of both layout and technological parameters was presented.
The coplanar waveguide to stripline transition is optimized for Ka-band operation.
Two back-to-back transitions were fabricated and exhibited very low losses and good
matching in the whole Ka band. The estimated insertion losses for one GCPWto-SL transition are between 0.15–0.5 dB. An antenna element with the GCPW-toSL transition was manufactured and showed a measured input matching bandwidth
between 34.48–36.39 GHz, with a minimum value of –23 dB at 36 GHz. The simulated
gain and measured transmission are in good agreement. The small size and good
performance of the antenna element and the transition make them viable for larger
scale System-in-Package integration of a complex wireless system.
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