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Abstract—In this paper, a nhew method for the suppression
of the parasitic modes in the coplanar waveguide (CPW)-based
microwave circuits is presented. The proposed method replaces
the costly and mechanically unstable air-bridges. It uses tunnels
(bridges) running below (above) the CPW and isolated from it
using a thin film layer. This method is convenient for MCM-D
technology in which thin films are deposited over the substrate
to support the required interconnects. The method is applied to
the band reject filter presented in an earlier paper by Rittweger
et al. and compared with the case of air-bridges. The effects of
the tunnel parameters on the filter performance are presented
and discussed. The new suppression mechanism is also applied
on a novel 3-dB power splitter. Experimental and theoretical
results of the new power splitter are presented and compared.
The agreement between theory and measurements ensures the
efficiency of the proposed suppression mechanism.

Index Terms—Coplanar waveguides, MCM-D, thin-film tech-

nology, 3-dB power splitters. Fig. 1. Rittweger's band reject filter, all dimensions are jam:

D =350 gm, W = 10 pgm, andH = 150 pm.

. INTRODUCTION hand, the coplanar mode which possesses quicker decaying

OPLANAR waveguides (CPW's) become preferableehavior is less affected. The authors applied this method
over the conventional microstrip lines for severalo the band reject filter introduced by Rittweger [1], (see
microwave systems, owing to their low mutual couplingFig. 1). This filter was designed to have no transmission at 18
low dispersion, good control of the characteristic impedanc@Hz and good transmission at 36 GHz. Air-bridges succeed
ease of integration with active devices, and the possibility satisfying the requirements perfectly. The top and bottom
of connecting shunt lumped elements without the need éffields show very good performance, in comparison with air-
via holes through the substrate. However, CPW's suffer froptidges, except for small deviation around 18 GHz fax,
the excitation of the parasitic slotline mode in asymmetrignd around 36 GHz fofs; [4]. This deviation was explained
discontinuities. Suppression of the slotline mode in CPWg power leakage from the dominant CPW mode into the
based microwave circuits may become essential for obtainipgra||e| plate TEM mode.
an adequate performance. The conventional method Torrhis paper aims at introducing a new method for suppress-
eliminating the unwanted mode is the use of air-bridggsy the slotline mode, namely the use of thin-film tunnels
[1}-[3]. However, these air-bridges are costly to build angy thin-fim bridges. Microwave components and circuits in
mechanically unstable. Omar and Chow [4] have introducgficm-p technology are realized using multiple thin-film lay-
the use of top and bottom shields instead of air-bridges. Thgs which are deposited over the substrate [5]. These layers
locations of these planes, along the normal to the substrgig, o important role in isolating the required interconnects
are optimized such that the slowly decaying slotline mo the MCM. The IMEC MCM-D technology [5] uses thin
is significantly affected and almost eliminated. On the othef o BCB, &, — 2.7, with 10 zm thickness. The proposed
thin-film tunnels (bridges) are running below (above) the
Manuscript received March 20, 1998; revised August 27, 1998. CPW and are isolated from it using thin film of BCB.
W5, SEAman I i MEC, £.3001 Lowen, Belai e = dsovia holes through the thin BB fim are used to connect
Universiteit Leuven, B-3001 Leuven, Belgium. the tunnel (bridge) to the required positions of the CPW.
P. Pieters and E. Beyne are with IMEC, B-3001 Leuven, Belgium. Fig. 2 shows a comparison between the air-bridges and the
G. A. E. Vandenbosch is with the Division ESAT—TELEMIC/Departmenl‘thin_fiIm tunnels. Thin-film technology is found to be more
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Fig. 4. Total losses versus frequency.
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Fig. 3. S-parameters versus frequendy: = 350 ym, W = 10 pm, and ’ Frequency (GHz)
H = 150 pm.

Fig. 5. S-parameters versus frequency for different values of the tunnel
width: D = 350 ym and H = 150 gm.

Unlike the top and bottom shields, this method offers the
possibility of integrating CPW-fed antennas together WEF . . .

the driving electronics and microwave circuits on the sa %gpcer:'sn Sutfgfe:er']n tr?:tlfgml?s tg? trhe:u;ir;fgtzs Vfr% ?ﬁ?}d
substrate. In Section II, the performance of Rittweger’s filter tlngels \;Vnd [1] is ob:er ed aro n:j 1;3 %nd’ 36 GHI
based on both the conventional air-bridges and the propo 'I'?:i] 4u h w, the tot III v rv fr u nev. which i Z'l
thin-film tunnels is investigated theoretically. A novel 3-d g. 4 shows Ihe to'al 0SS Versus frequency, ch IS equa

_ 2 2 . ;
power splitter based on coplanar technology is introduc %ilin |Sr;1|d |r52dli| i -I;]he s?furceswofvloss irde' %Or:]Jipllrllg to
in Section Illl. Thin-film bridges are used to suppress thgotin€ mode, radiation, surlaceé waves, and OnmiC 10SSEs.

unwanted modes and to meet the required performance f(%rmally, the main contribution to the losses is due to leaking

that power splitter. Experimental and theoretical results of t@%):/;;;?e;hzssgiw;ﬁ d?;ggsh %(f)r;f,zqgﬁir;tilgr',Ctheo:cotshsfsséﬁ?nge
new power splitter are presented and compared. y

mode suppression mechanism. The losses for both cases are
small; however, for the case of thin-film tunnels, the losses
are even smaller especially at low frequencies. This indicates
the efficiency of the new mechanism.

In order to demonstrate the proposed method, the samd&he effects of varying the tunnel parametel¥, (D, and
Rittweger’'s band reject filter [1] is studied, as shown i), see Fig. 1, on the filter performance are investigated.
Fig. 1. Thin-film tunnels are used to suppress the slotlifgég. 5 shows the effect of varying the tunnel widii. The
mode of the CPW,; see Fig. 2. The thin-film layer placedapacitance between the tunnel and the center strip increases
below the CPW tends to slightly reduce the effective dielectras the tunnel width increases. Consequently, the effective
constant. In order to get the same electrical length of the shilenigth of the stubs increases and shifts down the resonance
stub, its length is increased from tb, = 1420 to L, = frequencies. The same behavior is reported in [2]. The effect
1830 um. The filter under investigation is studied rigorouslpf varying the tunnel lengttD is shown in Fig. 6. It is clear
using HP-Momentum which is based on an integral equatitimat this effect is almost negligible. Fig. 7 shows the effect of
formulation. Fig. 3 shows;; andS»; versus frequency, using the tunnel locationd on the filter performance. The higher
air-bridges or thin-film tunnels. It is clear that the thin-filmthe separation between the tunnel and the discontinuity, the

Il. RITTWEGER’'S FILTER USING
AIR-BRIDGES AND THIN-FILM TUNNELS
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Fig. 6. S-parameters versus frequency for different values of the tunnel s00
length: W = 15 pgm and H = 150 pm.

Fig. 8. Geometry of the proposed 3-dB power splitter with thin-film bridges
(all dimensions are in micrometers).

In order to suppress the other two unwanted modes, thin-
film bridges are placed just before and after the triple slot
section. The choice of bridges over the thin film, instead of
tunnels, in this case is based on the sensitivity to manufacturing
tolerances. Placing the thin-film layer below the triple slot
line results in a significant decrease of the equivalent shunt
capacitance of the line and, consequently, a significant increase
in the characteristic impedance of the “coplanar-like” mode.
In order to keep it matched to the feeding 8GZPW, the slot
width must significantly decrease and may become sensitive to
the manufacturing tolerances. On the other hand, placing the
thin film on the top of the triple slot line makes it possible to
Fig. 7. S-parameters versus frequency for different values of the tunnebtain the required characteristic impedance with reasonable
location: W' = 15 ym and D = 350 pm. slot width. The central slot is split into two slots which are
grouped together with the outer slots to feed the CPW lines
higher the resonance frequencies will be. This is explainétiports #2 and #3 through 9ends. Additional bridges are
in [2] as a result of the decrease of the effective length @faced after the bends in order to suppress the slotline mode

the stubs due to the propagation of the high-speed slotligbthe CPW lines.
mode. The length of the triple slot transmission line must be

slightly higher than\,/4 of the “coplanar-like” mode at the
minimum frequency of the design band, in order to ensure the
IIl. NOVEL 3-dB POWER SPLITTER attenuation of the higher order modes which may be excited
USING THIN-FILM BRIDGES at the ends of the triple slot transmission line. The wide band
The power splitter is an important component in severahture of the presented power splitter is a consequence of
microwave circuits [6]. In this section, a novel 3-dB poweits independence on any specific electrical lengths. Instead,
splitter is introduced (see Fig. 8). The CPW lines connect#lde criteria for obtaining an adequate performance is that
to the three ports are identical to each other. The characterigtie characteristic impedance of the CPW's connected to the
impedance of the feeding CPW, port #1, is matched to titferee ports are close to the characteristic impedance of the
characteristic impedance of the “coplanar-like” mode of thieoplanar-like” mode of the triple slot transmission line.
triple slot transmission line. The modal distribution of th@his criteria is easy to be meet since the coplanar mode
equivalent magnetic current of the “coplanar-like” mode hasd the “coplanar-like” mode of the CPW and the triple
the following properties: 1) the equivalent magnetic currengdot transmission line, respectively, possess low dispersion
in the outer slots are equal in magnitude but opposite @haracteristics. Moreover, reasonable degree of dispersion over
phase and 2) the equivalent magnetic current in the centifa¢ entire band is acceptable as long as the characteristic
slot is very small compared to the currents of the outémpedances of the coplanar and the “coplanar-like” modes are
slots. These properties of the modal current distribution efill close to each other.
the “coplanar-like” mode provide the required power splitting, The proposed power splitter is studied both theoretically
as the potential levels of the central strips are almost the sarard experimentally. Experiments are performed using an HP-

S-parameters (dB)
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Fig. 10. Measured and calculated magnitude of fhe@arameters of the

Fig. 9. Picture of the realized 3-dB power splitter. .
power splitter versus frequency.

8510C network analyzer. A picture of the realized power split-
ter is shown in Fig. 9. On-wafer probes are used to feed the
power splitter under test through tapers which accommodate
the probe pitch to the pitch of the feeding CPW (see Fig. 9). In
order to overcome the limitation of the two-port measurements
of the network analyzer, the third port is terminated by a
lumped 50%2 resistance. The lumped resistance is implemented
using the multilayer thin-film technology (see Fig. 9). Thé 90
bends connected to the feeding CPW's of ports #2 and #3
are due to the limitation of the probe station which allow
only parallel trajectories for the on-wafer probes. The metal
pads at the feeding ports are used to provide electrical contact, %0 - —— T w
through via holes in the thin film, to the CPW lines which are 20 2 2 2 2 30
placed below the thin film and above the substrate. In order Frequency (GHz)
to set the reference planes for the phase measurements angytQ1. Measured and calculated phase of Shparameters of the power
de-embed the taper from the measurements, full two-port theglitter versus frequency.
reflect-line (TRL) calibration is performed. The location of the
reference planes are set 296 away from the discontinuities
(see Fig. 8). The length of the bent CPW's placed between the ] N ]
reference planes and the feeding points of ports #2 and #3 i€t Néw method for suppressing the parasitic modes in
identical to the length of that piece of CPW placed between th@Planar waveguide discontinuities has been presented. It
reference plane and the feeding point of port #1. This commé#Places the conventional air-bridges by thin-film tunnels
piece of CPW is de-embedded out from the measuremerfidges) running below (above) the CPW. This method is
using appropriate calibration Standardsy which allow Corre%@nvenient fOI‘ the micrOWaVe CiI‘CUitS bUI|t in MCM'D, Wh|Ch
phase measurements without the need for rotation of tH&es thin films to support the required interconnects. The
reference planes. proposed method is applied on a band reject filter and studied
The measured and calculated magnitude and phase of fig@rously using a full wave simulation program. The results
S-parameters are shown in Figs. 10 and 11, respectively. V&jow that the thin-film tunnels are able to suppress the
good agreement between theory and measurements is obsefl@idine mode of the CPW and satisfying the requirements
for S»,, while reasonable agreement is observed$ar. Itis Of the Rittweger's band reject filter to a high degree of
clear from Fig. 10 that the proposed power splitter satisfies thecuracy. The effect of varying the tunnel parameters on the
required 3-dB coupling to port #2 over the entire frequendijter performance is also studied. The results show that the
band of interest. The measured and calculated return losasiation of the tunnel width, which is likely to be affected
below 10 dB over the entire band which corresponds to SWH® the manufacture tolerance, has more significant effect than
< 2. For the return loss, the deviation between theory atige variation of the tunnel length and location. The smaller
measurements is likely due to the uncertainty in the value dfe width, the much closer the resonance frequencies to the
the termination lumped resistance at port #3. The calculatdesigned values. The suppression mechanism is also applied
S-parameter magnitudes of the power splitter without the thien a novel 3-dB power splitter. The proposed power splitter
film bridges are presented in Fig. 10. It is clear that withous studied both theoretically and experimentally. The results
the thin-film bridges, the power splitter fails to satisfy thehow that thin-film bridges are essential for the power splitter
requirements above 24 GHz. to satisfy the required 3-dB coupling over the investigated
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IV. CONCLUSION
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frequency band. The proposed 3-dB power splitter can "~
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shields suppression mechanism, thin-film tunnels (bridges) i
suitable for microwave circuits driving planar antennas.
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