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Novel Lumped-Element Uniplanar Transitions
Yo-Shen Lin and Chun Hsiung Chen, Fellow, IEEE

Abstract—Novel reduced-size lumped-element uniplanar
transitions are proposed, using the planar parallel and series
inductor–capacitor (LC) circuits to realize the effective open
and short circuits, respectively. In this study, various compact
lumped-element coplanar waveguide-to-slotline and finite-ground
coplanar waveguide-to-coplanar stripline transition structures are
developed and carefully examined. Specifically, the performance of
proposed basic lumped-element transitions can easily be adjusted
through the control of and values, while the design of lumped-
element Marchand-balun-type transitions may be accomplished
by the use of conventional filter synthesis techniques. Simple
equivalent-circuit models are also established, from which the
passband behavior of the lumped-element transition structures
may be characterized.

Index Terms—Coplanar stripline, coplanar waveguide, Marc-
hand balun, slotline, transition.

I. INTRODUCTION

UNIPLANAR lines such as coplanar waveguides (CPWs),
slotlines, and coplanar striplines (CPSs) have received in-

creased attention due to their exclusive features over the con-
ventional microstrip lines [1]. Modified uniplanar line struc-
tures, whether asymmetrical, finite-ground-plane, or conductor-
backed, are also proposed and widely discussed in literature [2],
[3]. These modifications introduce more control over the line
characteristics as well as more design flexibility for uniplanar
monolithic microwave integrated circuits (MMICs).

Among the uniplanar lines, the CPW has the advantage of
easy integration with solid-state devices; however, it suffers a
disadavantage due to the excitation of the parasitic odd CPW
(or coupled slotline) mode at the discontinuities such as CPW
bending, thus additional air-bridges/bondwires are needed that
complicate the fabrication process. The slotline has the disad-
vantages of low and high radiation loss, and it is difficult to
mount devices in series configuration; however, it is a good can-
didate for broad-band antenna applications. The CPS line with
a balanced configuration may feature better immunity to power
supply noise and ground noise than the unbalanced CPW and
has the advantages of low discontinuity parasitics, less influ-
ence of spurious modes, and smaller area.

By taking the advantages of uniplanar structures, many mi-
crowave circuit components such as filters, couplers, balanced
mixers, and antenna feeding structures have been developed
[4]–[7]. These studies provide a variety of choices for the uni-

Manuscript received March 28, 2001; revised August 11, 2001. This work
was supported by the Ministry of Education and National Science Council of
Taiwan under Grant 89-E-FA06-2-4 and under Grant NSC 89-2219-E-002-045.

The authors are with the Department of Electrical Engineering and Graduate
Institute of Communication Engineering, National Taiwan University, Taipei
106, Taiwan, R.O.C. (e-mail: chchen@ew.ee.ntu.edu.tw).

Publisher Item Identifier S 0018-9480(01)10462-X.

planar MMIC designer such that maximum circuit integration
and optimal system performance may be expected. To fully uti-
lize the advantages of uniplanar lines and circuit components
in a uniplanar MMIC system, implementation of broad-band,
low loss, and compact interconnections between these uniplanar
lines is of practical significance.

Various uniplanar transitions have been proposed and inves-
tigated, and the transition between the CPW and slotline has
been studied most comprehensively. Most of the previous work
on CPW-to-slotline transition design focused on the bandwidth
improvement. In [8], the authors experimentally compared
various transition structures and found that the transition that
made use of a slotline-radial-open with radius of a quarter-wave-
length ( ) had a wider bandwidth of 5.5 : 1. The transition
utilized a complex combination of multiple -stub structures
[9] which is attractive in improving the transition bandwidth
even up to 160% (corresponding to the 10-dB return loss). The
ideally all-pass double-Y junction transition [10] used a slot-
line-circular-open which not only occupies a large area but also
limits its bandwidth. The transition employing the CPW-slotline
mode-conversion phenomenon [11] was achieved by adding a
180 electrical delay to one slot of the CPW. All the transitions
described above occupy large circuit area and lead to the ineffi-
cient use of high-cost substrate and active layers. Furthermore,
the broad-band slotline-radial-open transition in [8] also suffers
from the disadvantage of high radiation loss, which means that
the spacing between the transition and other components in a
circuit must be large enough to avoid crosstalk problems.

Only a few studies were reported with the goal of imple-
menting compact CPW-to-slotline transitions. The Marchand-
balun-type transition [9] realized with a CPW series open
stub printed on the CPW center conductor may save one air
bridge and one-half of the circuit space; however, the transi-
tion size is still quite large due to the presence of another
shorted stub structure. The twin-spiral CPW-to-slotline transi-
tion [12] utilizes the spiral line structures such that 1/31/4 the
size of conventional transitions can be achieved, but a full-wave
simulation is needed in part to characterize the transition per-
formance.

Previous work on CPW-to-CPS transitions is relatively lim-
ited. The ideally all-pass double-Y junction balun [10] suffers
from the junction parasitic effects, which lead to a limited opera-
tion bandwidth. The transition based on a transformer struc-
ture [13] occupies large circuit area and is not suitable for use in
the design of a MMIC, especially in the low-frequency range.
The transition utilizing a slotline-open structure [14] has a very
broad bandwidth, but no explicit design formulas are available
to predict its upper passband frequency. Also, it has the draw-
back of higher power losses because the slotline-open structure
would act as a radiated element.
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In this study, a novel class of reduced-size lumped-element
uniplanar transitions is proposed and investigated, which pro-
vides an easy and effective way of interconnection between
unbalanced and balanced uniplanar lines. Specifically, planar
lumped-element circuits are employed to replace the con-
ventional transformer structures. Therefore, the transition
size may largely be reduced, and the transition passband fre-
quency and bandwidth can be predicted and adjusted. Based
on this concept, several lumped-element CPW-to-slotline and
finite-ground coplanar waveguide (FGCPW)-to-CPS transitions
are implemented and investigated. These transitions have the
merits of compact size, low loss, and moderate bandwidth and
thus may easily be incorporated into a uniplanar MMIC. The per-
formance of these lumped-element transitions is easily adjusted
by a selection of the and values and through the use of con-
ventional filter synthesis techniques. To provide effective design
tools, simple equivalent-circuit models are also established.

II. BASIC LUMPED-ELEMENT CPW-TO-SLOTLINE TRANSITION

STRUCTURES

Consider the basic lumped-element CPW-to-slotline transi-
tion structure [see Fig. 1(a)] proposed in [15]. To reduce the tran-
sition size, a planar parallel circuit composed of an interdig-
ital structure and a shorted slotline stub is utilized to replace the
conventional transformer structure. The interdigital struc-
ture can be viewed as a capacitor as long as its size is much
smaller than the wavelength. The capacitance is formed between
each interdigital gap and is proportional to the length of finger
and the ratio between finger width and gapwidth. The shorted
slotline stub is equivalent to an inductor when its length is much
smaller than the wavelength. This planar parallel circuit is
connected to one slot of the CPW line in a shunt configuration
and gives an effective open circuit at ), which
determines the center frequency of the transition passband. For
suppressing the odd CPW (or coupled slotline) mode excited at
the CPW–slotline junction, bondwires are included in the tran-
sition structure. One of the bondwires should be placed as close
to the CPW–slotline junction as possible, with the others along
the CPW line with a separation of about .

The capacitance of an interdigital capacitor is computed by
the closed-form expressions under quasi-static approximation
[16]. The capacitance per-unit length between each gap is
first calculated using the conformal mapping technique. These
per-unit length capacitances are multiplied by the finger length
and are then added together to give the total capacitance. The
available closed-form expressions enable a fast and simple
characterization of the interdigital capacitor and are feasible
for design purpose.

For the shorted slotline stub section, the detailed effect of the
shorted end must be taken into account to accurately model the
effective inductance value. Several full-wave analyses discov-
ered that the end reactance is inductive and increases with the
increase of slot width and the substrate-thickness-to-wavelength
ratio [1]. In addition, the surface-wave and space-wave losses
associated with the shorted end can be significant at high fre-
quencies. These loss effects may be represented by an equiva-
lent resistance. Since no closed-form formulas are available for

(a)

(b)

Fig. 1. Basic lumped-element CPW-to-slotline transition: (a) layout and
(b) equivalent-circuit model.

these elements, here we use the full-wave mixed-potential inte-
gral-equation analysis [4] to simulate the input impedance
of the shorted slotline end. In this full-wave simulation, the con-
ductor is assumed to be perfectly conducting and of zero thick-
ness, and the dielectric loss is not included in the calculations.
The shorted slotline section may then be modeled by a transmis-
sion line terminated by an impedance, which would supply
the desired effective inductance value.

Regarding the CPW-slotline T-junction, the three-port equiv-
alent-circuit model [17] is adopted. In this model, the CPW line
is represented by two transmission lines that separately support
the even CPW mode and the odd CPW mode so as to describe
the mode conversion effect at the junction. Specifically, bond-
wires are modeled as inductors and are connected to the odd
CPW mode transmission line at their corresponding positions.
The effect of imperfect suppression of the odd CPW mode can
then be suitably modeled.

By combining the above-mentioned models, one may ob-
tain the transmission-line equivalent-circuit model for the basic
lumped-element CPW-to-slotline transition [see Fig. 1(a)] as in
Fig. 1(b). This model is based on three assumptions. First, the
CPW and slotline sections are modeled as transmission lines de-
spite the non-TEM nature of slotline. Second, the detailed dis-
continuity effect of the CPW–slotline T-junction is neglected.
Third, the interactions between the lumped-elementcircuit
and the transmission lines are not taken into account.

A back-to-back lumped-element CPW-to-slotline transition
for Fig. 1(a) is fabricated on the FR4 substrate (dielectric con-
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Fig. 2. Measured and simulated results for the back-to-back lumped-element
CPW-to-slotline transition shown in Fig. 1(a).

stant , loss tangent , and thickness
mm). The CPW line has a strip width of 0.75 mm

and a slot width of 1 mm. The slotline line has a slot width of
1 mm. Both the CPW and slotline are designed to possess a char-
acteristic impedance of 100 around the designed center fre-
quency of 2 GHz according to the closed-form formulas in [1].
The four-finger interdigital capacitor in this case has a finger
width of 0.5 mm, a finger length of 3.4 mm, and a gapwidth of
0.2 mm. For the shorted slotline section, its length and width
are 4.8 and 1 mm, respectively. The total area occupied by this
parallel circuit is about , and this transition
structure is obviously much smaller than the conventional ones
using the transformer structures.

The measurement of transition is done on an HP8510 net-
work analyzer with thru-reflect-line (TRL) calibration to the
CPW–slotline junction, and the simulation is based on the
equivalent-circuit model [see Fig. 1(b)]. The measured and
simulated results are shown in Fig. 2. This transition exhibits
a bandpass behavior, as expected, and the 1.5-dB passband
is in the 1.96 3.3-GHz frequency range. Good agreement
between the measured and simulated results around the pass-
band is observed. The equivalent capacitance and inductance
of this structure are 0.6525 pF and 5.5 nH, respectively. This
corresponds to a passband center frequency of

GHz, which agrees well with the experimental result.
Although there issomediscrepancybetweenmeasuredandsimu-
lated results in the higher frequency range, the equivalent-circuit
model is still adequate in predicting the transition behavior
around the passband. Note that all the components in this model
except the shorted slotline end are characterized by closed-form
expressions, thus the simulation time may be reduced.

To reduce the size of a lumped-element transition even more,
the “ring-type ” CPW-to-slotline transition structure proposed

(a)

(b)

Fig. 3. “Ring-typeL” lumped-element CPW-to-slotline transition: (a) layout
and (b) equivalent-circuit model.

in [15] and shown in Fig. 3(a) is also examined. Here, two
shorted slotline stubs instead of one are connected in series and
are arranged to form a slotline ring. Excited with a 180phase
difference, the two slotline stubs are now terminated by ideal
short circuits in the equivalent-circuit model [see Fig. 3(b)], and
no full-wave simulation is needed. In addition, the size of the
transition is further reduced by this realization because the ef-
fective inductances of two stubs are added such that each stub
can be made shorter, and the slotline stubs are curved such that
the horizontal length of the transition is reduced.

Measured and simulated results of this “ring-type” transi-
tion are shown in Fig. 4. This transition is also fabricated on the
FR4 substrate, with the same CPW and slotline dimensions as
in Fig. 2. The 1.5-dB passband is in the 1.532.76-GHz fre-
quency range, which corresponds to a 1.8 : 1 bandwidth. The
equivalent capacitance and inductance values are 0.6525 pF and
5.89 nH, respectively. The corresponding resonance frequency
is 2.57 GHz, which again agrees with the measured passband
center frequency.

The measured and simulated results for the “ring-type”
transition do not match well. One explanation is that all the dis-
continuity effects and losses associated with the parallelcir-
cuit are not taken into consideration. However, this simplified
model [see Fig. 3(b)] is still adequate in predicting the frequency
range of the transition passband and has the advantage of very
short calculation time, a consequence of no full-wave simula-
tion. Thus, it is very suitable for CAD purposes.
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Fig. 4. Measured and simulated results for the back-to-back “ring-typeL”
lumped-element CPW-to-slotline transition shown in Fig. 3(a). (ForL: ring
inner radius= 2.5 mm, gapwidth= 0.5 mm; forC: finger length= 3.2 mm,
finger width= 0.5 mm, gapwidth= 0.2 mm.)

For the “ring-type ” transition, the size of the interdigital
capacitor is about and the radius of the slotline
ring is . The transition size is about 1/12 smaller
than the conventional slotline-radial-open transition [8]. This
again reveals the effective size reduction capability of lumped-
element transition.

III. B ASIC LUMPED-ELEMENT FGCPW-TO-CPS TRANSITION

STRUCTURES

By employing the same concept to the FGCPW structure,
a lumped-element FGCPW-to-CPS transition [see Fig. 5(a)]
can also be implemented. Here the inductor is realized by a
section of shorter metal strip whose length is much smaller
than the wavelength. The quasi-static closed-form formula
associated with the partial-element equivalent-circuit model
[18] is adopted for the inductance calculation. The inductance
value can be obtained when the strip length, width, thickness,
and the conductivity are specified. The equivalent-circuit model
of the transition in Fig. 5(a) is shown in Fig. 5(b). Here, the
FGCPW–CPS junction model modified from the CPW–slotline
one [17] is again included to discuss the mode conversion effect
between the even and odd CPW modes.

A back-to-back lumped-element FGCPW-to-CPS transition
for Fig. 5(a) is also fabricated on the FR4 substrate. The
FGCPW line has a strip width of 0.45 mm, a slot width of
0.6 mm, and a finite ground-plane width of 4 mm. The CPS
line has a strip width of 4 mm and a slot width of 0.6 mm. Both
FGCPW and CPS lines are designed to possess a characteristic
impedance of 100 according to the closed-form formulas
in [1]. The four-finger interdigital capacitor in this case has
a finger width of 0.5 mm, a finger length of 3.7 mm, and a

(a)

(b)

Fig. 5. Basic lumped-element FGCPW-to-CPS transition: (a) layout and
(b) equivalent-circuit model.

Fig. 6. Measured and simulated results for the back-to-back lumped-element
FGCPW-to-CPS transition shown in Fig. 5(a).

gapwidth of 0.3 mm. For the shorter metal strip, its length
and width are 12.05 and 0.5 mm, respectively. The total area
occupied by the parallel circuit is about .
The measured and simulated results are shown in Fig. 6, where
again a good match between them is observed. The 1.5-dB
passband is in the 1.173.41-GHz frequency range. The equiv-
alent capacitance of the interdigital capacitor is 0.597 pF, and
the equivalent inductance of the shorter metal strip is 10.35 nH.
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(a)

(b)

Fig. 7. Lumped-element FGCPW-to-CPS transition designed with MIM
capacitor: (a) top view and (b) side view.

Fig. 8. Measured and simulated results for the back-to-back lumped-element
FGCPW-to-CPS transition (Fig. 7) designed with the MIM capacitor.

This corresponds to a center passband frequency of 2.02 GHz,
which agrees well with the measured result.

The capacitor in the lumped-element transition may also
be realized by a metal–insulator–metal (MIM) configuration.
The MIM capacitor structure may achieve a much larger
capacitance for a given area compared to its interdigital
counterpart. Fig. 7 shows the lumped-element FGCPW-to-CPS
transition employing the MIM structure as a capacitor instead
of the interdigital capacitor. Characterization of the MIM
capacitor may be accomplished by the parallel-plate capacitor
formula. A back-to-back lumped-element FGCPW-to-CPS
transition based on Fig. 7 is fabricated on the FR4 substrate
with the same FGCPW and CPS dimensions as in Fig. 6. Here,
the top and bottom metals (2.4 mm 3 mm) together with
the duroid dielectric ( , thickness

mm) are used to implement the MIM capacitor.
This gives a capacitance of 1 pF according to the parallel-plate
capacitor formula. The shorter metal strip has a length of 5 mm

(a)

(b)

(c)

Fig. 9. Layouts of three lumped-element FGCPW-to-CPS transitions designed
with same center frequency but with differentL andC values. (The relevant
geometrical parameters for (a), (b), and (c) are listed in Table I.)

and a width of 0.5 mm, corresponding to an inductance of
3.53 nH. Fig. 8 shows the measured and simulated responses,
and a good match between them is observed. The 1.5-dB
passband is in the 1.693.1-GHz frequency range. By using
the MIM capacitor, an even smaller transition structure can be
realized, which is very attractive in implementing the uniplanar
MMIC, especially for low-frequency applications.

The bandwidth of the lumped-element transition can be ad-
justed by suitably choosing the relative values ofand . Fig. 9
shows the layouts of three FGCPW-to-CPS transitions fabri-
cated on the FR4 substrate with differentand values. The
FGCPW and CPS dimensions are the same as those in Fig. 6.
For the metal strips, the width and total length are (a) 0.5 mm,
8.05 mm, (b) 0.3 mm, 9.05 mm, and (c) 0.3 mm, 18.85 mm,
respectively. The inductance values for these three cases are
6.27, 8.09, and 14.33 nH, respectively. Note that, for calcu-
lating the meander-line inductance in Fig. 9(c), the presence
of negative mutual inductances makes the total inductance less
than twice that of Fig. 9(b). The interdigital-capacitor structures
change accordingly such that the corresponding capacitances
are 0.6742, 0.5753, and 0.4374 pF, respectively. This gives the

products nearly the same for these three cases, thus the
three transitions would be centered at about the same frequency.
The relevant geometrical parameters for the three transitions are
listed in Table I. Shown in Fig. 10 are the measured results for
these three transitions (Fig. 9) in back-to-back configuration.
Their passbands are all nearly centered at the same frequency
of 2.3 GHz, as expected. However, the 1.5-dB relative band-
widths are 1.8 : 1, 2.25 : 1, and 3 : 1, respectively. As a rule of
thumb, the bandwidth of lumped-element transition increases
as the inductance value increases. This phenomenon can be pre-
dicted from the input impedance characteristics of the parallel
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TABLE I
GEOMETRICAL PARAMETERS OF THEFGCPW-TO-CPS TRANSITIONS FOR

FIG. 10 (LENGTH UNITS IN MILLIMETERS)

Fig. 10. Measured results for the three back-to-back FGCPW-to-CPS transi-
tion structures shown in Fig. 9.

Fig. 11. Measured power losses of the lumped-element transition [see
Fig. 9(b)] and broad-band transition in the back-to-back configuration.

section, whose magnitude is proportional tonear the res-
onant frequency.

The measured power loss of the lumped-element FGCPW-to-
CPS transition structure in Fig. 9(b) is compared with that of
the broad-band CPW-to-CPS transition using a slotline open
structure [14] and fabricated on the FR4 substrate. As shown in
Fig. 11, the normalized power loss of the lumped-element tran-

(a)

(b)

Fig. 12. Lumped-element Marchand-balun-type CPW-to-slotline transition:
(a) layout and (b) equivalent-circuit model.

sition is smaller than that of broad-band one over the passband
frequency.

High power loss of a transition might cause unwanted
crosstalk to other components in a circuit and degrades the
circuit performance. The low-loss characteristic makes the
proposed basic lumped-element transitions in Sections II and
III feasible for a uniplanar MMIC with high circuit density.
These basic lumped-element transitions are also suitable for
use as the feeding structure of balanced antennas because of
the lower interaction with the antenna, thus a lower level of
cross-polarization wave can be expected.

IV. L UMPED-ELEMENT MARCHAND-BALUN TYPE

UNIPLANAR TRANSITIONS

Uniplanar transitions can also be implemented using the
Marchand-balun structures [8]–[10]. This kind of transition
usually has a sharper gain slope, and this characteristic may
be used in the design of a filter [8]. However, the conventional
Marchand-balun, being composed of open and short stubs,
would occupy a large circuit area.

Fig. 12(a) shows the layout of the proposed lumped-element
Marchand-balun-type CPW-to-slotline transition. Here, the se-
ries and parallel circuits, respectively, are used to replace
the opened and shorted stubs in the conventional designs
[8], [9] so as to minimize the transition size. The parallel
circuit is composed of an interdigital capacitor () and a slot-
line ring structure ( ) as described in Section II. The series

circuit is realized by the series connection of a shorter metal



2328 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 12, DECEMBER 2001

Fig. 13. Measured and simulated results for the back-to-back lumped-element
Marchand-balun-type CPW-to-slotline transition shown in Fig. 12(a). (ForL :
strip length= 5:5mm, strip width= 0:4mm; forC : finger length= 2:9 mm,
finger width= 0:4 mm, gapwidth= 0:2 mm; for L : ring inner radius=
2:1 mm, gapwidth= 1 mm; for C : finger length= 2:2 mm, finger width
= 0:5 mm, gapwidth= 0:3 mm.)

strip ( ) and an interdigital capacitor ( ). The parallel and se-
ries circuits are designed such that they are resonant at the
same frequency, which is the desired transition center frequency.
The equivalent-circuit model shown in Fig. 12(b) is used to
discuss the transition characteristics. Here, the CPW-slotline
cross-junction model [19] is included to discuss the mode con-
version effect at the junction. Again, all the elements in the
equivalent circuit can be described by closed-form expressions
[16]–[18]; thus, one may save a lot of computation time.

By discarding the cross-junction model, the equivalent-circuit
model in Fig. 12(b) may be identified with a second-order band-
pass filter. Therefore, the conventional filter synthesis technique
can easily be incorporated into the design of a lumped-element
Marchand-balun-type transition. Here, the characteristic imped-
ances of the CPW and slotline are equal, thus the second-order
maximally flat response is adopted. By giving the desired center
frequency , relative 3-dB bandwidth, and transmission-line
characteristic impedance, one may obtain the required design
values for , and by the filter transformation for-
mulas [20]. This may facilitate the design of a lumped-element
Marchand-balun-type transition according to a given specifica-
tion.

A back-to-back lumped-element Marchand-balun-type
CPW-to-slotline transition [see Fig. 12(a)] is built on the FR4
substrate, in which the CPW strip width0.45 mm, the CPW
slot width 0.6 mm, and the slotline slot width 0.7 mm.
The measured and simulated results are shown in Fig. 13.
This transition is designed with a center frequency at 3 GHz,
a relative 3-dB bandwidth of 200%, and a transmission-line
characteristic impedance of 100. The required structures

(a)

(b)

Fig. 14. Lumped-element Marchand-balun-type FGCPW-to-CPS transition:
(a) layout and (b) equivalent-circuit model.

have the values nH, pF, nH,
and pF, according to the filter design formulas.
The measured transition response (Fig. 13) shows a bandpass
behavior, as expected, with a center frequency at 3 GHz. The
measured insertion loss is less than 3 dB in the 1.124.38-GHz
frequency range. Compared to the transition responses in
Figs. 2 and 4, the Marchand-balun-type transition has a sharper
gain slope, as expected. Note that the transition response is
different from that of the ideal maximum flat response because
of its back-to-back configuration and the complex discontinuity
effects. The agreement between measured and simulated
results is good, and the design of the transition can easily
be accomplished by employing the filter synthesis formulas
together with the proposed equivalent-circuit model. The sizes
of parallel and series structures in this case are about

and , respectively, making the
transition much smaller than the conventional ones.

Based on the filter synthesis formulas, the transitions with dif-
ferent bandwidths can easily be realized. Fig. 14(a) shows the
layout of the lumped-element Marchand-balun-type FGCPW-
to-CPS transition. Its corresponding equivalent-circuit model is
shown in Fig. 14(b). Here, a shorter metal strip is used to realize
the inductor in the parallel circuit as in Section III. Three
transitions based on this layout are fabricated on the FR4 sub-
strate with the same FGCPW and CPS dimensions as in Fig. 6.
They are designed with the same center frequency of
GHz and line impedance of 100, but with different 3-dB
bandwidths of 100%, 200%, and 300%. Their corresponding
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TABLE II
GEOMETRICAL PARAMETERS OF THEFGCPW-TO-CPS TRANSITIONS FOR

FIG. 15 (LENGTH UNITS IN MILLIMETERS)

Fig. 15. Measured results for the three back-to-back lumped-element
Marchand-balun-type FGCPW-to-CPS transitions shown in Fig. 14(a).

and values are again calculated by the filter formulas for a
second-order maximum flat response, with the relevant geomet-
rical parameters summarized in Table II. Fig. 15 shows the mea-
sured results for these three transitions in a back-to-back con-
figuration. Their passbands are all nearly centered at the same
frequency of 3 GHz, as expected, and the 3-dB bandwidths are
2.6 : 1, 3 : 1, and 4 : 1, respectively. The measured bandwidths
do not match with the designed ones, due to the back-to-back
configuration and the complex parasitic effects associated with
the discontinuities in the transition structure.

Basically, the proposed lumped-element Marchand-balun-
type uniplanar transitions may be regarded as the combination of
an unbalanced-to-balanced line transition and a bandpass filter.
When this type of transition is used as a balun in a balanced
mixer, for example, it has the advantages of small size as well
as saving one additional filter. This makes the proposed lumped-
element Marchand-balun-type uniplanar transitions particular
suitable for use in uniplanar MMICs.

V. CONCLUSION

In this study, novel lumped-element transitions between
unbalanced and balanced uniplanar lines have been proposed.
Base on this concept, various lumped-element CPW-to-slotline
and FGCPW-to-CPS transition structures have been imple-
mented and carefully examined. For the basic lumped-element
uniplanar transitions, the center frequency and bandwidth
can easily be determined and controlled by an adjustment of

and values. The lumped-element Marchand-balun-type
uniplanar transitions may easily be characterized by adopting
the conventional filter synthesis formulas. For design and mod-
eling purpose, effective and simple equivalent-circuit models
have also been established. The proposed lumped-element
transitions have the merits of very compact size, low power
losses, moderate bandwidth, and easy characterization, thus
providing simple and effective interconnections between CPW
and slotline/CPS. They are attractive in implementing the
uniplanar MMIC components.
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