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Abstract—A planar dielectric waveguide filter with coplanar
waveguide (CPW) I/O ports suitable for flip-chip bonding is
proposed and is demonstrated for 60-GHz-band applications.
The filter is formed incorporating metallized through holes in
an alumina substrate. In order to improve stopband rejection,
short-circuited CPW resonators with a half-wavelength are added
to waveguide-to-CPW transitions. A fabricated four-resonator
filter exhibits an insertion loss of 3.2 dB with a 3-dB bandwidth of
3.0 GHz and rejection of 35 dB at 3-GHz lower separation from @)
a center frequency of 59.5 GHz. The filter is mounted by using

Waveguide-to-CPW
Metalized Through Hole inductive Window Transition

flip-chip bonding in a multilayer ceramic package with structures
to suppress parasitically propagating electromagnetic waves. No O 1O O ? ) ? O 9 Ea
degradation of the stopband rejection is observed from 50 to o fﬁm‘x : Cf) ; A ¢ )
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I. INTRODUCTION Waveguide-to-CPW Transition

(b)

Basic structure of the dielectric waveguide filter with CPW 1/O ports.

I N ORDER TO satisfy recent demands for low-cost mil-
view. (b) Plane view.

limeter-wave applications, several multichip modules ha\{':g"ol\;er
been developed using a flip-chip technology that provides

high reproducibility and good electrical performance in gianar filter with low loss and less sensitivity to the proximity
millimeter-wave range [1]-[3]. Active devices such as aMstact is strongly needed.

plifiers and oscillators in these modules employed a coplanar, ihis paper, we propose a planar dielectric waveguide filter

monolithic-microwave integrated-circuit (MMIC) = configu-\ i, cpw 1/0 ports for 60-GHz-band applications and demon-
ration because the coplanar approach not only eliminalgg,e high performance of the developed filter after flip-chip
backside processing, but also is suitable for flip-chip bonding,,qing for the first time. Waveguide-to-CPW transitions of the
Filters, which are usually required for wireless communicatiofyer are directly formed on the surface of the waveguide. To im-
systems, such as wireless local area networks [4] and wirelggs, e stophand rejection, short-circuited resonators with a half-
home networks [5], [6], should have a planar configuratiof,elength are added to the transitions. The filter is mounted
with coplanar waveguide (CPW) I/O ports for easy integratigj 5 multilayer ceramic package with a cavity using flip-chip

with flipped CPW MMICs in a module. Millimeter-wave j,,nqing The flipped filter shows good performance with low
flip-chip filters, however, have not been reported. CPW filterS,cartion 10ss and high stopband rejection.

are seldom used in the millimeter-wave range due to their
large insertion losses. Special types of filter, such as a filter
with high-temperature superconductors, have exhibited limited
success [7]. It is well known that microstrip filters with wide The basic structure of the proposed bandpass filter is shown
lines show good performance. However, in a flip-chip structur Fig. 1. The waveguide structure is formed incorporating two
the microstrip configuration is sensitive to a proximity effecines of metallized through holes in & alumina substrate with

between a chip and a mounting substrate [8]. Therefore,”!?ta”!zed tqp and bot_tom surfaces. Th_e filter is composed of
four dielectric waveguide resonators with a half-wavelength.
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Fig. 3. Calculated quality factdp..: and deviatiom\l;,o from the length of from 400 to 800:m.
a perfectly enclosed box resonator with the same resonant frequency. Fig. 4 shows models to calculate tkg; for two coupling
structures. The first coupling structure (type 1) has just one

Before the design of the whole filter, we have calculated tfg@l" Of metallized through holes to couple two resonators at
external quality factof).; and the coupling coefficierit;; be- the center of the waveguide, as shown in Fig. 4(a). In the
tweenith andjth resonators by using a three-dimensional (3_E§eco.nd' coupling structure (type 2), metalllzed thr(_’”gh holes
electromagnetic simulator. Fig. 2 shows a model to calcula gnsisting of the wall of the waveguide are put inside the

the Q... A perfect conductor plane was assumed instead \gf:\vegwde with separation of 450m from the central pair

the line of metallized through holes surrounding the resonaf?)frmetallized through holes, as shown in Fig. 4(b). Fheis

for a calculation efficiency. Thé).. is controlled by changing obtained by [10]

the lengthi¥, of the waveguide-to-CPW transition. The length

li/o of the resonator is different from the lengthof a per- o — o )
fectly enclosed box resonator with a same resonant frequency. R S

We defined the difference between the lengths andl, as . .

the deviationAlyo. In this calculation, the length between thavhere fe and f,,, are two resonant frequencies with perfect
pattern of the transition and the metallized through holes at tRIEC(TC and magnetic plane at the center plane, respectively.
input side end of the resonator was fixed. The, is obtained 9 2(&) and (b) shows the calculateg and the deviation\l;;

by [9] of the length of the resonator, respectively. The lafggeis ob-
tained for the larger spacingj;. Thek;; of type 1 hits bottom in
fo arange where the spacirg is small and the coupling structure
Qext = A_f 1) cannot provide small enough; to design a narrow-bandwidth

filter since the coupling outside of the pair of metallized through
where f, is the resonant frequency of the resonator a)dis holes is dominant at a small spacidg. On the other hand, the
the 180 bandwidth centered at the resonant frequency. Fig.k3; of type 2 decreases even at a small spading
shows the calculate@...; and the deviatiom\l;, with a res- Using these calculated coupling parameters, we have de-
onant frequency of 60 GHz. Th@... gradually decreases assigned a 0.1-dB-ripple Chebyshev four-pole filter with a 5%
the lengthiW, becomes large. On the other hand, the deviatidrandwidth centered at 60 GHz. For this filter characteristics,
Alyo rapidly changes in the largé’; region. This means that Qe = 22, k12 = k34 = 0.042, andk,s = 0.033 are required
a filter with a wider bandwidth has a higher tolerance for thiey the conventional filter design technique [11]. These values
variation of the lengtti;, determined by a punching processre obtained aV; = 610 ym, di» = d34 = 450 pmin type 1
of through hole formation. We can realize a four-resonator filt@nd d,3 = 470 pm in type 2, according to Figs. 3 and 5. The
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I1l. W AVEGUIDE FILTER WITH ADDITIONAL CPW RESONATORS

Here, f. is the cutoff frequency of the waveguide modeésthe | order to attain higher stopband rejection while maintaining
velocity of light, ¢, is the dielectric constant of the substratgne sjze of the filter fixed, shunt CPW lines with the length
and W, is the width of the waveguide structure. According to_ are added to the transitions so that these lines can act as
Figs. 3and 5, and (3) and (4),= I+ =930 pm andl> = I3 = short-circuited resonators with a half-wavelength, as shown
945 pm are obtained at the center frequency of 60 GHz. Using Fig. 7. As a result, attenuation poles are introduced in the
these structural parameters initially, we finely optimized thesgopband to improve the rejection characteristic. The filter with
parameters to realize the required filter response. The calculagg\ resonators was designed to have an attenuation pole at
filter response is shown in Fig. 6. We neglected the conductpie lower frequency side of the passband. Fig. 8 shows the
loss and the loss tangent of the dielectric substrate for this caleatculated transmission characteristics of filters with CPW
lation. The metallized through holes composing the wall of thesonators. That of the filter without CPW resonators is also
waveguide were considered. The required filter response vgown. The filter with CPW resonators has the same spacing
realized atdy3 = 480 pm (the other parameters were the samé; as the one without CPW resonators. The lerigfh was

as initial ones). This indicates that the design procedure worifiksed at 1100.:m, while the spacingl; ., da4, the lengthiVy,

well enough. and lengths of resonators were modified so as to compensate
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(a) Conventional flip-chip package structure. (b) Flip-chip package structure

. L . . . with a hollow and metal cover. (c) Whole structure of a multilayer ceramic
Fig. 10. Measured transmission and matching characteristics of the filter Wﬂgckage.

CPW resonators.

o .. is 3.2 dB at a center frequency of 59.5 GHz and the return
the change of the passband characteristic due to addmo,gglS is better than 8 dB in the passband. The 3-dB bandwidth

CPW resonators. The rejection in the lower frequency Si€3 5 GHz. An attenuation pole is successfully introduced at
of the passband is remarkably 'mp rove'd by Incorporating sy, by CPW resonators with a half-wavelength. The re-
o o S e o o enlen o 3-GH2 oversepaaton o the center feauency
i . . ’ 35 dB. This is better than higher frequency side rejection
ation pole shifts to the lower frequency side as the legih 20 dB. Another attenuation pole appears at 67 GHz. This
becomes longer. This implies that the rejection characterisgx ) . pole app . )
can be tuned by changing the length after the fabrication. 'S gausgd by penpher_al path_s outside the waveguide structure,
which directly couple input with output ports.
Fig. 11(a) shows a conventional flip-chip package structure
with a metal lid to shield electrically. For this package structure,
We have fabricated a filter with an attenuation pole at thee should consider suppressing the degradation of the isolation
lower frequency side of the passband. Fig. 9 shows a phobetween the input and output due to undesired coupling. This
graph of the fabricated filter. The filter is formed in an aluminaoupling may excite two parasitically propagating electromag-
substrate with a relative dielectric constant of 9.7. The sizengtic waves. One is the wave, which is excited by bump disconti-
4.7 mmx 3.2 mmx 0.25 mm. The dimension of metallizednuities and propagates through the substrate below the filter. The
through holes is 0.15 mm in diameter. Two lines of metallizeather is the wave, which is excited by the radiation at the edge of
through holes composing walls of the dielectric waveguide attee filter substrate and propagates through the space between the
formed in a pitch of 0.45 mm along the propagation directidiiiter and the lid. To avoid the degradation of the isolation, we in-
and are separated with the distai®g, of 1.6 mm from each troduced two structures, as shown in Fig. 11(b). To suppress the
other (Fig. 1). This pitch is much less than a half-wavelengthiave propagating through the substrate, a hollow is formed in
in the operating frequencies. To reduce a radiation loss furthétre substrate. Moreover, the hollow reduces the proximity effect
an additional line of metallized through holes is formed at eatdetween the chip and substrate, which causes the shift of the fre-
side of the dielectric waveguide. guency response. The wave propagating through the space be-
Fig. 10 shows the measured transmission and reflection chiaveen the filter and the lid is suppressed by putting a hat-shaped
acteristics of the filter using on-wafer probes. The insertion lossetal cover on the backside of the filter. Since the edge of the

IV. EXPERIMENTAL RESULTS
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of the filter has been improved by adding CPW resonators to
waveguide-to-CPW transitions. The filter has been fabricated
in an alumina substrate by using metallized through holes.
The fabricated filter has shown good performance with low
insertion loss and high stopband rejection. The filter flipped
in a multilayer ceramic package has also been demonstrated.
In order to attain high stopband rejection by suppressing a
parasitically propagating wave, a cover on the filter and a
hollow in the package have been introduced. The filter has
exhibited high stopband rejection without any degradation after

flip-chip bonding. It is promising for this filter to be applied to
low-cost millimeter-wave systems.
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