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Abstract

In this paper, an experimental investigation for return loss and a software-based prediction for interference level
of single-packaged filtering antenna composed of dielectric waveguide filter and PCB(Printed Circuit Board) slot
antenna in transceiver module have been carried out with several different feeding structures in millimeter-wave
regime. The implementation and embedding method of the existing air-filled waveguide filters working at
millimeter-wave frequency on general PCB substrate have been described. In a view of the implementation of each
components, the dielectric waveguide embedded in PCB and LTCC(Low Temparature Co-fired Ceramic) substrates has
employed the via fences as a replacement with side walls and common ground plane to prevent energy leakage. The
characteristics of several prototypes of filtering antenna embedded in PCB substrate are considered by comparing the
wideband and transmission characteristics as a function of bent angle of transmission line connecting two components,
In addition, as an essential to the packaging of transceiver module working at millimeter-wave, miniaturization
technology maintaining the performances of independent components and the important problems caused by integrating
and connecting the different components in different layers are described in this paper.
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I . Introduction

Recently, the development of wireless communication
systems brings the fourth generation system with over
100 Mbps data rate from the third generation mainly
focused on the voice and image service. In the fourth
generation systems, the high-speed data transfer system
for various muitimedia services needs the wide band-
width available in millimeter-wave. As a feasibility
study, the applicability of millimeter-wave to home
network composed of many multimedia services is now
being investigated in 1EEE millimeter-wave Interesting
Group(mmWIG) extending to Study Group(SG) as well
as Task Group(TG). In order to achieve the implemen-
tation of transceiver operating at millimeter-wave, it
costs many efforts and time for the development of
millimeter-wave devices and novel packaging. In addi-
tion, the communication systems working at millimeter-
wave require low-profile, compact, low-loss devices, and
highly advanced packaging technology.

As a candidate for the packaging technology in mi-
llimeter-wave, high temperature co-fired ceramic(HT-
CC) and low temperature co-fired ceramic(LTCC) sub-
strates have been proposed at the expense of difficulties
in manufacturing process and stability. As an advanced
study for the application of general PCB to millimeter-

wave systems and for the feasibilities of commonly-used
advanced packaging and implementation technologies to
millimeter-wave devices, we have experimentally inves-
tigated the transmission and reflection characteristics of
PCB substrate integrated waveguide filter and combined
characteristics of filtering antenna. Also we introduce
the predicted interference level between two components
using the commercially available software based on
FDTD algorithm.

Studies on the design of waveguide filters in a
single-layer or multi-layer have been presented in many
literatures'™ %), Especially, the various waveguides have
been chosen to transfer information with low trans-
mission loss and with little electromagnetic radiation
loss in many millimeter-wave and high power systems.
But, the waveguide cannot be employed in the planar
transceiver structure due to the difficulties in connecting
and packaging with small-sized active and passive
components. In addition to that, the vertical sidewalls in
waveguide can not be implemented in planar and
embedded systems. To overcome the major disadvan-
tages caused by using waveguide, all metal structures
such as side wall for perfect electric conductor and
circular-posts located at the symmetric axis in the
waveguide for resonators have been replaced with a
series array of via in PCB substrate and LTCC ma-
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terials.

In this paper, the design process and fabrication of
waveguide-filter embedded in general PCB substrate by
applying the design rule of air-filled WR-22 waveguide
filters at 40 GHz are briefly introduced with the tran-
sition section between the embedded waveguide and 50
ohms microstrip line increasing the availability of mea-
surement at the input and output ports. The cavity-
backed aperture antenna integrated in organic PCB is
also introduced with combined filtering antenna in-
cluding the different feeding structures. The authors
have shown the transition characteristics of microstrip-
to-waveguide transition part along with the performance
of single waveguide filter embedded in PCB and sur-

rounded by various grounded via holes!".

. PCB Substrate Integrated Waveguide(SIW) Filter

Consider the PCB substrate integrated waveguide
filter with via fences instead of side walls as shown in
Fig. 1. The proposed waveguide filter embedded in PCB
substrate is divided into three important parts;

(1) 50 ohms input and output microstrip lines needed

to measure and evaluate the performance of the
SIW filter. The input/output microstrip lines might
be connected with the signal tip of GSG(Ground-
Signal-Ground) probe station or test fixtures using
V-connector for measurements.

(2) The microstrip line-to-waveguide transition part to
deliver the energy with a low loss into the PCB
embedded waveguide. The length and the width of
transmission line have been optimized to transfer
the energy coming from the input port into the
waveguide filter with a low loss.

(3) PCB substrate integrated waveguide(SIW) filter
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Fig. 1. A scattering geometry of the proposed waveguide
filter embedded in PCB substrate.

applicable to the band rejection of image signal and
high-order harmonics, unexpectedly caused by the non-
linearity of active devices, in millimeter-wave trans-
ceiver.

The detailed descriptions for symbols and the opti-
mized values for parameters to satisfy the requirements
of waveguide filter are listed in [1], [2]. In order to
reduce the overall length and width of the embedded
waveguide, the inside waveguide is filled with the
higher relative dielectric constant( ¢,) and both the side
walls are replaced with via fences. In this paper, an
RT/Duroid 5880 substrate with relative dielectric con-
stant, ¢,=2.2 and thickness, #=0.254 mm, has been
used to evaluate the performance of waveguide embe-
dded in dielectric substrate. Since TE ,-mode is usually

treated as a fundamental and mainly propagating mode,
the reduction of height in z-axis makes a good con-
tribution to small-sized millimeter-wave system and
miniaturized packaging technologies. The advantages in
size-reduction of commonly-used and indispensable pa-
ssive components in communication systems can bring
us easy connection and powerful construction in em-
bedded components in terms of packaging of multi-layer
structures. From these results, the total length of
waveguide filter integrated in organic PCB can be con-
siderably minimized at the expense of a small dielectric
loss due to the high relative permittivity of the em-
ployed dielectric substrates.

In terms of size-reduction ratio of the embedded
waveguide filter, the reduction ratios, approximately
1.25 and 86 relative to waveguide filter composed of
WR-22 standard waveguide in length and volume have
been obtained, respectively, by assuming the existence
of only 7TE ,,mode in waveguide. '

The via diameters used in Fig. 2(a) is 0.3 mm and 0.8
mm for via fences as a replacement with side walls and
for circular-posts, respectively. The two rows for side
wall of waveguide in Fig. 2(a) are extended in order to
protect the leaky energy generated from the transition
part. The microstrip input/output ports and transition
part are mounted on the top side of waveguide filter. To
investigate the effect of side wall on the transmission
characteristics, two types of waveguide filter have been
fabricated as shown in Fig. 2(a) and give a good
agreement between the predicted and measured results
as shown in Fig. 2(b).

II. PCB Substrate Integrated Antenna(SIA)

To test the performance of proposed PCB substrate
integrated antenna operating at 40 GHz, we have de-
signed aperture antenna with cavity-backed resonator
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Fig. 2. Photograph of the fabricated waveguide filter as a
single unit with measured and simulated results.

under the matched feeding line for antenna radiation
efficiency. The employed substrate has a relative die-
lectric constant, ¢,=2.2, and thickness, #=0.254 mm of
Rogers RT/Duroid 5880. To obtain the perfect ground
effect at the top layer, the ground vias between the top
and bottom layers are connected with circular-filled
cylinder of 300 xm diameter through via holes in layer
1 as shown in Fig. 3 and connecting vias between the
substrate and the resonant cavity of Fig. 4(b) are located
around the corners of antenna structure.

Fig. 3 shows the entire aperture antenna structure
integrated into organic PCB substrate. The feeding line
on the bottom of the lowest layer is matched to 50
ohms impedance. The used strip widths, W,, W, and
the lengths, L,, L, of matched feeding line at the input
port for aperture antenna are #,=820 pm, W,=190 um,
L;=7371 pm, and L,=1872 xm, respectively.

To verify the simulated results, 40 GHz antenna using
organic PCB material was implemented and measured.
The bandwidth of microstrip antenna is proportional to
the volume represented by length, width, and height of
the overall antenna. In addition, the input impedance
bandwidth of PCB substrate integrated antenna can be
represented by the following approximate equation with
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Fig. 3. Detailed description for the structure of PCB sub-
strate integrated antenna(SIA) [ ¢ m].

(b) Cavity-backed resonator for improving the antenna
radiation efficiency(antenna dimension=a Xa, a=2 cm)

Fig. 4. PCB substrate integrated antenna with cavity-
backed resonator.

relative ratio to the bandwidth of LTCC substrate inte-
grated antenna.

BWR= (hpcb [ B |V 5r,pcb/5 7, ltee (1)
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where 7,4, Huce> €40 a0d &, 4, represent the height

and permittivity of the employed substrates including
PCB and LTCC materials, respectively.

Fig. 4 shows the photograph of PCB integrated ante-
nna and the layout of the resonant cavity for radiation
efficiency improvement. The results between Fig. 5(a)
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Fig. 5. Simulated and measured results with/without re-
sonant cavity.

and (¢) have a little deviation at the frequency range
from 45 GHz to 50 GHz and the resonant frequency due
to the misalignment between the feeding line and the
center point of resonator.

The descriptions for the results using LTCC materials
in Fig. 5(c) is omitted and shown in [2].

IV. The Characteristics of Filtering Antenna with
Different Feeding Lines

Two passive components, which are waveguide filter
bounded by via fences and cavity-backed aperture an-
tenna with common ground at the top surface, are
integrated and combined in PCB substrate. The cha-
racteristics of filtering antenna are described in terms of
return loss. The overall size of the proposed filtering
antenna working at millimeter-wave is 2 cm X2 cm as
a single aperture element. The 2X?2 arrays can be
arranged in the same size whereas the extension to 4 X4
arrays can be obtained by removing the filter structure
in the same size. Fig. 6(a) and (b) show the layouts
according to the combining location between two com-
ponents and these structures can be used to evaluate the
interference level caused by the neighboring two com-
ponents. The return loss characteristics of filtering an-
tenna are similar to those of waveguide filter without
antenna as shown in Fig. 6(c) and (d). This means that
the impedance matching between the antenna input port
and filter output port have been accomplished with the
wideband characteristics of antenna. The experiments
have been carried out in a laboratory with network
analyzer 37397C of Anritsu and test fixture.

Fig. 7 describes the interference level between two
components. From the given data, we can assume that
the interference phenomena through mutual coupling are
negligible in a single package composed of SIW filter
and SIA. The port 1 is defined at the antenna input and
the others are for SIW filter.

V. Conclusion

In this paper, a single package composed of filter
with via fence instead of side walls and antenna with
aperture-coupled cavity backed structure has been su-
ggested and implemented. As a goal of obtaining the
miniaturized structure and less interference structure,
several types of filtering antenna have been suggested
and measured according to the different feeding st-
ructures. In terms of return loss, it is shown that the
fabricated antenna maintains the independent charac-
teristics of each component under the matched con-
ditions between two components. In addition to that,
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Fig. 6. Measured return loss of PCB embedded filtering antenna with different feeding structures.
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Fig. 7. Predicted interference level between SIW filter
and SIA.

it has been shown that the interference level is neg-
ligible in a single package. As a result, it has been
investigated that the miniaturized and low-cost filtering
antenna satisfying the required specifications and
maintaining the independent self-performance can be
realized by using the general PCB substrate at milli-
meter-wave regime.
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