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A 79-GHz Planar Antenna Array Using
Ceramic-Filled Cavity Resonators in LTCC

Frank Bauer, Student Member, IEEE, and Wolfgang Menzel, Fellow, IEEE

Abstract—Design and measurement of a planar antenna array
realized in low temperature co-fired ceramic (LTCC) are pre-
sented. The antenna elements are ceramic-filled cavity resonators
fed by an integrated laminated waveguide network and a slot in
each resonator. The antenna is designed to operate in the 79-GHz
frequency range. The array shows good impedance matching and
a stable radiation pattern within a bandwidth of approximately
5 GHz. The presented results of a first design show that the an-
tenna is a promising candidate for 79-GHz automotive or related
applications and ideally suited for LTCC integration.

Index Terms—Low temperature co-fired ceramic (LTCC),
millimeter-wave antenna arrays, substrate integrated waveguide
(SIW), slotted waveguide antenna arrays.

I. INTRODUCTION

I N ADDITION to the existing automotive frequency band
from 76 to 77 GHz used for long-range radar (LRR) appli-

cations such as autonomous cruise control (ACC), the 79-GHz
band (77–81 GHz) has been allocated by the European Com-
mission in 2004 for future short- and mid-range (SRR, MRR)
high-resolution automotive radar systems. Therefore, safety and
comfort applications such as collision warning, blind spot de-
tection, and precrash vehicle preparation [1] will benefit from
higher sensor performance at smaller size compared to the es-
tablished sensor technology at 24 GHz [2], [3]. Highly inte-
grated SiGe transceiver chips [4], [5] minimize the number of
RF transitions as a result of integration of multiple blocks, and
therefore enable the realization of compact and low-cost sys-
tems, which are a prerequisite for mass-market applications.
Sensor designs on low temperature co-fired ceramics (LTCCs)
additionally offer low-cost 3-D multilayer integration, high me-
chanical stability, and better thermal conductivity, compared to
traditional soft substrate materials. The design of planar wide-
band antennas on LTCC at millimeter waves, however, is a chal-
lenging task due to the high permittivity reducing the band-
width and efficiency of radiating elements. In [6], we presented
the application of traveling-wave microstrip grid array antennas
within a 79-GHz LTCC-based radar sensor. Besides a wideband
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Fig. 1. Configuration of the proposed 79-GHz cavity resonator antenna array
in LTCC.

impedancematching, these antennas show a stable radiation pat-
tern within a bandwidth of 2.5–3 GHz. Resonant slot array an-
tennas based on laminated waveguide (LWG) in LTCC [7] show
an even smaller bandwidth of approximately 2 GHz. Therefore,
in order to cover the whole available frequency band between
76 and 81 GHz, antennas with higher bandwidth are necessary.
In this letter, we present a planar antenna array using broadband
radiating elements being completely integrated in LTCC.

II. ANTENNA DESIGN

The overall structure of the proposed cavity resonator antenna
array in an LTCC multilayer is shown in Fig. 1, comprising

1536-1225 © 2013 IEEE



BAUER AND MENZEL: 79-GHz PLANAR ANTENNA ARRAY USING CERAMIC-FILLED CAVITY RESONATORS IN LTCC 911

Fig. 2. (a) Slot-fed cavity resonator antenna element. (b) Standard inclined slot
radiator element. (c) Equivalent circuit representation.

nine ceramic layers of a sintered thickness mm
(TDK LTCC material with and [8]).
The radiating antenna elements consisting of ceramic-filled
cavities are fed by transverse slots in the upper metallization
of a LWG. The dimensions of the LWG are mm
and mm (four layers of LTCC). According to
the size of the cavities and the relatively short guided wave-
length mm (with as free-space
wavelength at 79 GHz), the radiating elements are spaced

apart from each other without generating unwanted
grating lobes. A constant via diameter of mm and
via pitch of mm are used throughout the design.
Since the number of available layers was limited, the antenna
is center-fed by a WR-12-LWG transition acting as power
divider at the same time. Using more layers, the power splitting
could also be achieved by an integrated LWG-power divider as
presented in [6].

A. Radiating Antenna Element

The radiating element was designed to have the same radia-
tion properties as an open-ended integrated waveguide with the
dominant propagating mode being . An open-ended LWG
radiator, however, suffers from high reflections at the dielec-
tric–air interface due to the high permittivity of LTCC. In [9],
this problem has been addressed by cutting air-cavities into
the radiating aperture, thus reducing the effective permittivity
within the aperture. In order to enable a simple manufacturing
process, the proposed antenna element in this letter follows a
different approach by using a rectangular ceramic-filled cavity
resonator formed by a via-fence and four ceramic layers corre-
sponding to a cavity height of approximately .
The radiating element shown in Fig. 2(a) is fed by a transverse

slot in the upper metallization of the LWG. Since the transverse
slot interrupts the longitudinal currents ( -direction) in the top
metallization of the LWG, an element near resonance can be
modeled as a normalized series impedance, the value of which
can be derived from the scattering coefficient using the fol-
lowing equation:

(1)

Fig. 3. Normalized resonant resistance at 79 GHz as function of cavity width
.

Fig. 4. Cavity length at resonance as a function of cavity width .

This approach is known from inclined center line slots as shown
in Fig. 2(b) [10]. The normalized impedance is dependent on the
slot geometry and cavity size. Since standard screen-printing is
applied at the inner metallization layers, the dimensions of the
slot feeding the cavity element are subject to certain geometrical
restrictions and are therefore set to a fixedwidth mm
and a length mm corresponding to the width of the
LWG. At resonance, the impedance assumes a real value that is
referred to as normalized resonant resistance . For the proposed
radiating element, the value of can be adjusted by changing
the width of the cavity . A plot of computed values of as
a function of cavity width is shown in Fig. 3 with the nor-
malized resistance at resonance being inversely proportional to
the cavity width. The corresponding cavity lengths at res-
onance are given in Fig. 4. In order to show the capabilities of
the proposed radiating element, Fig. 5 depicts real and imagi-
nary parts of the normalized impedance of a cavity resonator
over frequency in comparison to an inclined slot. It can be seen
that the impedance variation of the cavity resonator antenna el-
ement is very flat, and therefore its bandwidth is significantly
higher compared to a standard inclined slot.

B. Array Design and Feeding Transition

Since the intended element spacing within the linear array is
mm, this value also represents the maximum pos-

sible cavity width. At the given dimensions of the coupling slot,
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Fig. 5. Normalized impedance of a cavity resonator element in comparison to
a standard inclined slot.

Fig. 6. Bottom and cross-section view of broadband WR-12 to LWG feeding
transition. Design parameters: mm, mm, mm,

mm, mm, mm, mm, mm.

this corresponds to a minimal achievable normalized resistance
of (cf. Fig. 3). Hence, a center-fed eight-element array
antenna with two branches was designed. With the element im-
pedances combining in series, each LWG branch has to fulfill
the matching condition

(2)

The presented antenna uses identical elements. Due to the
presence of pronounced mutual coupling between them, the
initially obtained values from Figs. 3 and 4 have to be opti-
mized. In general, this can be done by determining the mutual
impedances between the elements and adjusting the individual
elements accordingly [11]. However, due to the small size
of the presented array, the final optimization of the antenna
was performed using a full-wave finite-difference time-do-
main (FDTD) analysis including the feeding structure depicted
in Fig. 6. As already mentioned above, the feeding structure
serves as transition and power divider at the same time. For an
improved matching, a quarter-wavelength WR-12-waveguide
section with reduced height is used (cf. Fig. 6). The simulated
-parameters (port numeration according to Fig. 6) given in
Fig. 7 show a symmetric splitting and a return loss greater than
15 dB between 74 and 82 GHz. Due to the aperture coupling,
Ports 2 and 3 have an inherent 180 phase shift that is necessary
for an in-phase excitation of the radiating elements in both
branches.

Fig. 7. Simulated -parameters of theWR-12–LWG power splitting transition.

Fig. 8. Photograph of the cavity resonator antenna array. (a) Top. (b) Bottom.

Fig. 9. Measured and simulated reflection coefficient of the cavity resonator
antenna array.

III. MEASUREMENT RESULTS

The reflection coefficient of the fabricated antenna (Fig. 8) is
presented in Fig. 9 and shows a measured impedance bandwidth
(return loss greater 10 dB) of 6.5 GHz that is in good agreement
with the simulated results. The measured radiation patterns in
- and -plane are also in good agreement with simulation

as shown in Figs. 10–12. Over the whole operating bandwidth
from 76 to 81 GHz, the antenna shows a stable radiation pat-
tern with a 3-dB beamwidth of 13 in the -plane and a max-
imum measured sidelobe level of 11 dB occurring at 81 GHz.



BAUER AND MENZEL: 79-GHz PLANAR ANTENNA ARRAY USING CERAMIC-FILLED CAVITY RESONATORS IN LTCC 913

Fig. 10. Measured and simulated radiation diagram of the cavity resonator an-
tenna array at 76 GHz.

Fig. 11. Measured and simulated radiation diagram of the cavity resonator an-
tenna array at 79 GHz.

Fig. 12. Measured and simulated radiation diagram of the cavity resonator an-
tenna array at 81 GHz.

In the -plane, the 3-dB beamwidth is approximately 100 .
Furthermore, the antenna shows a low measured cross-polar-
ization level being more than 25 dB below the copolarization
in the vicinity of the boresight direction. The measured gain at
79 GHz is 13.2 dBi. Fig. 13 shows the measured gain over fre-
quency with a variation of 0.8 dB within the operating band-
width of 5 GHz. With a directivity of 15.1 dBi, the antenna has

Fig. 13. Measured and simulated gain of the resonant cavity antenna array at
boresight.

an efficiency of 65%. This value could be improved in future
designs by using LTCC material with lower loss.

IV. CONCLUSION

An eight-element cavity resonator antenna has been pre-
sented. In high-permittivity material as LTCC, the cavity
resonator element shows only a small impedance variation
over frequency compared to a standard radiating slot within an
LWG. Therefore, the measured results of the antenna show a
wide operating bandwidth in terms of impedance matching and
pattern stability being able to cover the whole frequency range
from 76 to 81 GHz.
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