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Abstract
(Keywords : Uniplanar structure, filter.}

The purpose of this nvestigation is to
develop and study several low-pass and bandpass

uniplanar filters so as to estabiish the key

component technologies for mullimeter-wave
wireless communication systems. The goal is
to establish suitable equivalent circuit models for
associated

in this study,

design  and computer

practical
software for theaoretical analysis.
novel reduced-size uniplanar filters are proposed
and investigated in detail. Specifically, various
properties of proposed uniplanar filters are
carefully examined, both theoretically and
experimentally.

In the

coplanar-waveguide (CPW) bandpass filters are

first-year  research, novel
proposed, by suitably incorporating the A /4
series open stubs and A /4 shunt short stubs mnto
a CPW CPW

bandpass filters with center frequency at 2.4GHz

structure. Specifically, two

are implemented and carefully examined.
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Novel Lumped-Element Coplanar Waveguide-to-Coplanar Stripline
Transitions with Low-Pass and High-Pass Characteristics

Yo-Shen Lin and Chun Hsiung Chen

Department of Electrical Engineering and Graduate Institute of Communication Engineering, National
Taiwan University, Taipei 106, Taiwan

Abstract — Novel lumped-element coplanar waveguide-
to-coplanar siripline transitions are proposed, using the
planar lumped-elements to realize the low-pass and high-pass
fiter responses. Simple equivalent-circuit models are also
established, from which the characteristics of wvarious
lumped-element  transition  structures are examined.
Specifically, a low-pass lumped-element transition with 3 dB
cutoff frequency at 3.2 GHz and a high-pass lumped-element
transition with 3 dB cuteff frequency at 1.6 GHz can be
achieved.

[. INTRODUCTION

Coplanar waveguide (CPW) and coplanar stripline
{CPS) are widely used in the design of uniplanar MMIC's.
To fully utilize the advantages of CPW and CPS, an
effective interconnection between them is of crucial
importance. Various CPW-to-CPS transitions have been
developed and exarined [1]-[4], due to their wide range
of applications in the implementaticn of balanced mixers,
multipliers, and antenna feeding structures. Most of the
transition structures reported have band-pass behaviors
{11-[3]. The wideband transition utilizing a slotline open
structure [4] has a low-pass frequency response with a
very high 3 dB cutoff at its passband edge, but no explicit
design formulas are available to predict its upper passband
frequency and alse the atenuation at stop band is not
good. In practical MMIC design, since the wanted signal
is band-limited, a subsequent fiiter after the transition is
usually required to filter out the unwanted spurious
responses and harmonics. For instance, the double-
balanced mixer in (3] has a wideband transition which is
then cascaded with the low-pass/high-pass filters for the
IF/RF port so as to increase the port-to-port isolatien. If
the transition may be designed such that it is inherent with
the desired low-pass/high-pass behavior, it will have the
advantages of saving one additional filter as well as
reducing the circuit area.

In this study, novel lumped-element CPW-to-CPS
transitions  with third-order low-pass or high-pass
frequency response are implemented to provide a compact
structure which has the combined functions of transition
and filter. The proposed transitions make use of planar

lumped-elemnents to realize the filter prototype. This
makes the transition size much smaller than the
conventional  ones  adopting  quarter-wavelength
transformers. For design purpose, simple equivalent-
circuit models based on close-form expressions are also
proposed. The design of proposed transitions is then easy
through the conventional filter synthesis techniques along
with the proposed equivalent-circuit models.

1. Low-Pass AND HIGH-PASS TRANSITION STRUCTURES

Consider the low-pass CPW-to-CPS transition structure
shown in Fig. 1{a). This transition is equivalent to a T-
type 3rd-order low-pass filter. Specifically, the two series
inductors Ly and Lg; in the filter prototype are realized by
shorter metal strips; one is on top of the CPW-CPS cross-
junction and is series-connected to the CPW center
conductor, while the other is on the right side of CPW-
CPS cross-junction and is series-connected to the CPS.
The shunt capacitor C, to ground is formed by the
interdigital capacitor connected to the left of CPW-CPS
cross-function in a shunt configuration. For suppressing
the odd CPW mode excited at the CPW-CPS cross-
junction, bondwires at suitable positions are included.

Characterization of the shorter-metal-strip inductance
may be done by the quasi-static close-form expressions
with the partial-element equivalent-circuit technique [6].
The inductaznce is obtained once the strip length, width,
and thickness are specified. For calculating the
capacitance of the interdigital capacitor, the conformal-
mapping technique under quasi-static assumption [7] is
adopted. The per-unit-length capacitance is first obtained
and is then multiplied by the finger length to give the total
capacitance. In order to take imto account the mede
conversion effect at the CPW-CPS cross-junction, a six-
port equivalent-circuit model [8] is adopted. In this model,
the CPW line is represented by two transmission lines that
separately support even CPW mode and odd CPW mode.
The odd CPW mode transmission lines are terminated by
the bondwire inductances at their corresponding positions.
By combining the abovementioned models, one may
obtain the eguivalent-circuit model for the low-pass



TABLEI
GEOMETRICAL PARAMETERS OF THE CPW-TO-CPS TRANSITIONS FOR FIG. 3 AND FIG. 4. {LENGTH UNITS IN MM)

Interdigital Capacitor Inductor
finger finger finger gap strip strip
number length width width length width
Fig3 | ¢, 4 26 0.5 0.2 t; 454 gi
. Ca 5 28 0.5 0.2
Fig. * 5.9 3
B4 c, 4 2.6 0.4 0.2 Le :

transition [Fig. 1{2)] as in Fig. I(b). This model is based
on three assumptions. First, the CPW and CPS sections
are modeled as wansmission lines. Second, the
discontinuity effect of CPW-CPS cross-junction is
neglected. Third, the interactions between the lumped-
element LC circuit and the transmission lines are not taken
into account. Note that ail the elements in the equivalent-
circuit model are characterized by the close-form
expressions, thus the simulation time may be drastically
reduced.

By interchanging the metal strip inductor and
interdigital capacitor in Fig. 1(a), a high-pass lumped-

Fig. 1.

Lumgped-zlement low-pass CPW-10-CPS
trangition, (a) layout and (b} equivalent-circuit model.

element transition as shown in Fig. 2(2) can also be built.
This transition is equivalent to a T-type 3rd-order high-
pass filter, in which the two series capacitors C,; and Cgp
are realized by interdigital capacitors, and the shunt
inductor L, is formed by the shorter metal strip. The
equivalent-circuit model of the high-pass transition is
shown in Fig. 2(b).

The design of purposed low-pass and high-pass
transitions is easy through the conventional filter synthesis
techniques along with the proposed equivalent-circuit
models. According to the required specifications on Zg
and 3dB cutoff frequency, the element values of a 3rd-

CPW.CPS
r Cross Junction

\
cpw.l I CPW® l
L

honcwire
)
Fig. 2. Lumped-element high-pass CPW-to-CPS
transition, (a} layout and {b) equivalent-circuit model.

CPs




order low-pass/high-pass filter prototype are first obtained
through the filter synthesis formulas. The transition
eguivalent-circuit model is then constructed, and
simulations are made to see whether the element values
need to be fine-tuned with the presence of cross-junction
model. After the element values are fixed, the geometrical
parameters of the interdigital capacitors and metal strip
inductors are determined, through the close-form design
formulas. The ransition prototype may then be built.

III. RESUETS

A back-to-back low-pass lumped-element transition for
Fig. i{a} is fabricated on a FR4 substrate (£, = 4.3, tand =
0.022, and thickness h = 1.6 mm). The CPW line has a
strip width of 3.45 mm, a slot width of 0.6mm, and a finite
ground-plane width of 4 mm. The CPS line has a strip
width of 4 mmn and a slot width of 0.6 mm. Both CPW and
CPS lines are designed to possess a characteristic
impedance of 100{) according to the close-form formulas
in [9]. The 3 dB cutoff frequency of this transition is
designed to be 3.2 GHz. The L and C values are obtained
by the filter synthesis formulas for the 3rd-order equal-
rippte low-pass filter first. Then with the inclusion of
cross-junction medel [8], they are fine-tuned in a circuit
simulator o give: Ly=6 nH, L;; = 2.93 nH, C,=0.525 pF.
The comesponding geometrical parameters of the
interdigital capacitor and metal strip inductors are listed in
Table I

The transition is measured by the HPE51{ network
analyzer with TRL (Thru-Reflect-Line) calibration to the
CPW-CPS junction, and the simulation is based on the
equivalent-circuit model [Fig. 1(b)]. The measured and
simulated results are shown in, Fig. 3. This transition
exhibits a low-pass behavior as expected, and the 3 dB
cutofl frequency is at about 2.3 GHz The measured
insertion loss is less than 2 dB below 2 GHz, and the
return loss is less than -10dB below 2.3 GHz. The out-
band rejection is greater than 20 dB from 3.6 GHzup to 6
GHz. Note that since the transition is measured in a back-
to-back configuration with a 20 mm CPS line in between,
the measured frequency response and 3dB  cutoff
frequency is somewhar different from that of a single
transition. Good apreement between measured and
simulated results is observed. Although there is some
discrepancy in the higher frequency range, the equivalent-
circuit model (Fig. 1(b)) is still adequate in predicting the
transition frequency response. In addition, all the
components in the model are characterized by the close-
form expressions, thus the simulation time may be largely
reduced.

A back-to-back high-pass lumped-element transition for
Fig. 2(a) is also fabricated on a FR4 substrate with the
same CPW and CPS dimensions as in Fig. 3. The element
values are: Cg = 0.655 pF, C = 0.454 pF, L, = 479 aH
with the designed 3 dB cutoff frequency at 1.6 GHz. The
corresponding geometrical parameters of the interdigital
capacitors and metal strip inductor are listed in Table I.
The measured and simulated results are shown in Fig. 4.
This transition exhibits a high-pass behavior as expected,
and the 3 dB cutoff frequency is at 1.8 GHz. The
measured insertion loss is less than 3.5dB from 1.8 GHz
up te 5.3 GHz, and the retum loss is less than -9.4dB from
2.18 GHz up to 6 GHz. The attenuation is greater than
20dB below 1.6 GHz. The high frequency insertion loss is
not good for this case, a consequence of the back-to-back
configuration and the higher power losses of the FR4
substrate. Although there is some discrepancy between
measured and simulated results, the equivalent-circuit
model is still adequate as an effective design tool.

1S, (dB)
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Simulation a
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Fig. 3. Measured and simulated results for the back-to-
back low-pass transition structures in Fig. 1{a).
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Fig. 4. Measured and simulated results for the back-to-
back high-pass transition structures in Fig, 2(a).

I'V. CoNCLUSIONS

In this study, novel lumped-element CPW-to-CPS
transition structures to achieve low-pass and high-pass
frequency responses have been proposed and carefully
examined. For design and modeling purposes, effective
and simple equivalent-circuit modezls have also been

established. The proposed transitions are compact and can
provide the combined functions of transitions and filters,
thus they are useful in implementing the MMIC
components,
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