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New Uniplanar Coplanar Waveguide
Hybrid-Ring Couplers and Magic-T’s

Chien-Hsun Ho, Lu Fan, and Kai Chang, Fellow, IEEE

Abstract— The uniplanar coplanar waveguide (CPW) and
slotline on a dielectric substrate have many applications to
MIC and MMIC designs. A new reverse-phase CPW hybrid-
ring coupler and a uniplanar CPW magic-T were developed.
Experimental results showed that the hybrid-ring coupler has
a 60% bandwidth centered at 3 GHz and the magic-T has
a bandwidth of one octave from 2 to 4 GHz with 0.4 dB
amplitude imbalance and 3.5° phase imbalance. Also, this
paper presents theoretical analyses of CPW-slotline transitions
using the transmission line models. Accurate modeling of
nonuniform CPW and slotline radial stubs was developed
using tandem connected uniform lines. Measured results
of various CPW-slotline transitions agree very well with
calculation. Design curves of the transitions are given for
practical applications. To fully use the advantages of uniplanar
structures, a 180° reverse-phase CPW-slotline back-to-back
balun and a tee junction are described. Both circuits provide
good amplitude and phase characteristic over a broad bandwidth
due to the phase change of the circuits being independent of
frequency.

I. INTRODUCTION

LTHOUGH microstrip is the most widely used planar

transmission line, other forms of uniplanar transmission
lines are available for circuit design. These uniplanar trans-
mission lines include coplanar waveguide (CPW), slotline,
and coplanar strip (CPS). Some drawbacks of using microstrip
include sensitivity to substrate thickness, difficulty of insert-
ing shunt solid-state devices, and the requirement of high-
impedance lines for dc biasing. Uniplanar transmission lines
have small dispersion, simple realization of short-circuited
ends, the possibility of simple integration of lumped elements
or active components, and circumventing the need for via
holes. These characteristics make CPW, slotline, and CPS
important in microwave and millimeter-wave integrated circuit
design. Many attractive components using uniplanar structures
have been published [1]-[6]. This paper presents uniplanar
hybrid coupler components that have characteristics similar to
those of the microstrip circuits, but with the advantages of
uniplanar structure and better performance.
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To fully use the advantages of uniplanar structures, broad-
band transitions of CPW-slotline are necessary. The theoreti-
cal analyses of CPW-slotline transitions using the transmission
line models are presented in Section II. Simulations of various
transitions agree very well with measurement results. Section
III describes the fundamental characteristics of a 180° reverse-
phase CPW-slotline balun and a tee junction. Both circuits use
a 180° reverse-phase CPW-slotline back-to-back transition to
achieve a 180° reversal. The phase shift of the circuits is
frequency independent. In Sections IV and V, the designs
and applications of a new reverse-phase CPW hybrid-ring
coupler and a uniplanar CPW magic-T are illustrated. The
circuit analyses for the CPW hybrids are based on simple
transmission line circuit models. The measured results agree
with the theoretical predictions very well.

II. TRANSMISSION LINE MODELING
OF CPW-SLOTLINE TRANSITIONS

Broad-band transitions from CPW to slotline [7]-[10] have
been reported by many researchers. The transitions presented
in [7], [8] use the CPW-slot double junction. The transitions
in [9], [10] use the uniform slotline square stub and nonuni-
form slotline circular stub, respectively. In 1993, based on
experimental investigations, the authors of this paper gave a
systematic approach to this problem [11]. Various transitions
were developed, and the best combination of using CPW short
circuits and slotline radial stubs was proposed for broad-band
matching between CPW and slotline. Based on the previous
experimental investigations, this section presents an analysis
of CPW-slotline transitions using simple equivalent circuit
transmission line models on Touchstone. There is a fairly good
agreement between measured and calculated results.

A. Uniform CPW-Slotline Transitions

The CPW-slotline transitions discussed here were fabricated
on a 1.27-mm-thick RT/Duroid 6010 (¢, = 10.8) substrate.
The CPW and slotline feed lines were both chosen as 50 (2.
Fig. 1 shows the circuit configuration and equivalent transmis-
sion line model of the uniform CPW-slotline cross-junction,
which was defined as the type-a transition in {11}. The CPW
and slotline in Fig. 1(a) cross each other at a right angle. The
CPW extends one quarter-wavelength beyond the slotlines and
terminates with an open circuit, while the slotline extends one
quarter-wavelength beyond the CPW and terminates with a
short circuit. The extensions of CPW and slotline act as a
tuning stub to match each other. Fig. 2(a) shows the measured
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Fig. 1. (a) Physical configuration and (b) equivalent transmission line model
for the type-a CPW-slotline transition.
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Fig. 2. Measured and calculated insertion loss of one pair of (a) type-a and
(b) type-b CPW-slotline transitions. CPW gap size G¢ = 0.25 mm, CPW

center and conductor width S = 0.5 mm, slotline line width Ws = 0.1 mm,
Age = 41.64 mm, Ags = 46.98 mm.

and calculated frequency responses of insertion loss for the
type-a back-to-back transition. The calculated results agree
very well with the experimental data with less than 0.5 dB
difference in the passband region. The bandwidth for insertion
loss of less than 1 dB for the type-a back-to-back transition is
from 1.6 to 3.6 GHz. The transition using a CPW short with a
slotline Ay, /4 shorted stub, i.e., type-b transition, is a special
case of the uniform CPW-slotline cross junction. Fig. 2(b)
shows the measured and calculated frequency responses of
insertion loss for the type-b back-to-back transition. The type-
b CPW-slotline transition has a narrow bandwidth because it
depends only on a slotline A, /4 shorted stub which is strongly
frequency dependent.
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Fig. 3. Calculated 1 dB bandwidth of the type-a back-to-back transition
against the normalized CPW characteristic impedance.
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Fig. 4. (a) Physical configuration and (b) equivalent transmission line model
for the type-h CPW-slotline transition.

For practical applications, it is useful to know the op-
timal combination of the CPW and slotline characteristic
impedances. Fig. 3 shows the calculated 1 dB bandwidth of
the uniform CPW=slotline back-to-back transition with given
normalized slotline characteristic impedances z, = 1, 1.5, and
2, against the normalized CPW characteristic impedance z..
As shown in Fig. 3, it is noticeable that the optimum z. for the
maximum bandwidth decreases with the larger z,. For z, =
1, 1.5, and 2, the optimum normalized CPW characteristic
impedances are z. = 1, 0.5, and 0.3, respectively. In Fig. 3,
given a z., the 1 dB bandwidth increases with a larger
zs. This implies that the slotline matching stubs are the
dominant factors in designing the type-a transitions. Although
the slotline characteristic impedance can be chosen as high as
possible to increase the bandwidth, the required optimum CPW
characteristic impedance might be too low to be implemented.

B. Nonuniform CPW-Slotline Transitions

Fig. 4 shows the circuit configuration and equivalent trans-
mission line model of the nonuniform CPW-slotline cross
junction, which was defined as the type-h transition in [11].
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Fig. 5. (a) Radial stub modeled by tandem connected segments of piecewise
uniform lines. (b) Equivalent transmission line model.
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Fig. 6. Measured and calculated insertion loss of one pair of (a)
type-h and (b) type-g CPW-slotline transitions. CPW feed line gap size
Ge = 0.25 mm, center conductor width S¢ = 0.5 mm, slotline feed
line width Wg = 0.1 mm, R¢ = 6 mm, 6 = 60°, Rs = 6 mm, and
s = 60°.

The CPW and slotline radial stubs are used for broad-band
impedance matching. They are modeled by tandem-connected
segments of piecewise uniform lines, as shown in Fig. 5.
Fig. 6(a) shows the measured and calculated frequency re-
sponses of insertion loss for the type-h back-to-back transition.
The calculated results were obtained from the equivalent
transmission line model of Fig. 4(b) with the radial stub
simulated by a cascade of ten line segments of equal length
but different characteristic impedance and dispersion char-
acteristics. The theoretical results agree very well with the
experimental data. The 1 dB bandwidth of the type-h transition
is from 1.5 to 6.0 GHz. Similar modeling was carried out for
a type-g CPW-slotline transition, and the results are given
in Fig. 6(b). Type-g can be considered as the special case of
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Fig. 7. Calculated 1 dB bandwidth of the type-h back-to-back transition
against (a) the radius and (b) the angle of the CPW radial stub.

the nonuniform CPW-slotline cross junction. The CPW radial
stubs are replaced by CPW shorts.

Fig. 7(a) shows the calculated 1 dB bandwidth with given
radii of the slotline radial stub Rg = 3, 6, and 9 mm, against
the radius of the CPW radius stub Rc. As shown in Fig. 7(a),
the 1 dB bandwidth increases with a larger CPW radius
because the larger CPW radial stub provides a better shorted
circuit. Fig. 7(b) shows the calculated 1 dB bandwidth with
given radial angles of the slotline radial stub 65 = 30°, 60°,
and 90°, against the angle of the CPW radius stub 6. Again,
the 1 dB bandwidth increases with a larger CPW radial stub.

As shown in Fig. 6, the type-g CPW-slotline transition has
a broader bandwidth than the type-h CPW-slotline transition
because the CPW short is an ideal short circuit and the
slotline radial stub is a broad-band open. The bandwidth of
the nonuniform transition with a CPW radial stub is always
lower than that of the nonuniform transition with a CPW short.

III. 180° REVERSE-PHASE CPW-SLOTLINE
BALUNS AND TEE JUNCTION

A. 180° Reverse-Phase CPW-Slotline Baluns

It is well known that a 180° phase change in excess
of the signal path occurs when two microstrip-to-parallel-
plate-line tapered baluns are connected back to back [12].
This phase change can be used in wide-band circuits. Hede
[13] also presented a broad-band pulse inverter based on
the same principle in 1977. The bandwidth measurement
indicates that the pulse inverter works up to 1 GHz. Fig. 8(a)
shows the 180° reverse-phase microstrip back-to-back tapered
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Fig. 8. Circuit configurations and schematic diagrams of E-field distribu-
tion for (a) the 180° reverse-phase microstrip back-to-back baluns, (b) the
180° reverse-phase CPW-slotline back-to-back baluns, and (c) the in-phase
CPW-slotline back-to-back baluns.

baluns which are commonly used in the balanced mixers and
antenna feeds. Although the 180° reverse-phase microstrip
back-to-back tapered baluns have a very wide bandwidth, the
use of double-sided ground planes results in a complicated
fabrication and packaging process. To overcome this problem,
a new uniplanar 180° reverse-phase back-to-back balun using
two broad-band CPW-slotline transitions is described in the
following.

Fig. 8(b) shows the circuit configuration and schematic
diagram of FE-field distribution for the 180° reverse-phase
CPW-slotline back-to-back baluns. The two CPW-slotline
transitions use CPW shorts and slotline radial stubs. The
slotline radial stubs are placed on the opposite side of the
internal slotline (i.e., a pair of type-g CPW-slotline transitions
in [11]). Each side of the internal slotline connects the center
conductor (or ground plane) of the CPW in balun 1 and the
ground plane (or center conductor) of the CPW in balun 2.
Referring to Fig. 8(b), a 180° phase change of the E field is
introduced into the output signal at balun 2 when the input
signal is excited from balun 1. The phase change of the E-
field direction is caused by the inserted slotline section which
connects the opposite sides of the CPW gaps at baluns 1 and
2. In Fig. 8(c), the in-phase CPW-slotline back-to-back baluns
have two slotline radial stubs which are placed on the same
side of the internal slotline section. The E-field directions of
the CPW’s are in phase at baluns 1 and 2.

To demonstrate the 180° phase reversal of the twisted
CPW-slotline back-to-back baluns, a 180° reverse-phase and
an in-phase CPW-slotline back-to-back balun were built. The
test circuits were fabricated on a 1.27-mm-thick RT/Duroid
6010.8 (¢, = 10.8) substrate with the parameters: charac-
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Fig. 9. Measured frequency responses of (a) insertion loss and (b) phase
angle for the in-phase and 180° reverse-phase CPW-slotline back-to-back
baluns.

teristic impedance of the CPW and slotline Zgg = 50 Q,
Zs = 50 Q. The measurements were made using standard
SMA connectors and an HP-8510 network analyzer. The
measured insertion loss includes two coaxial-CPW transitions
and two CPW-slotline transitions.

Fig. 9(a) and (b) show the measured frequency responses of
insertion loss and phase angle for the 180° reverse-phase and
in-phase CPW back-to-back baluns, respectively. The ampli-
tude difference between the 180° reverse-phase and in-phase
CPW back-to-back baluns is within 0.3 dB from 2 to 4 GHz.
Over the same range, maximum phase difference is maintained
within 5°. The 5° phase error is due to the mechanical
tolerances, misalignments, connectors, and discontinuities.

B. 180° Reverse-Phase CPW-Slotline Tee Junction

Fig. 10 shows the circuit configuration and schematic
diagram of the E-field distribution for a 180° reverse-
phase CPW-slotline tee junction. The circuit consists of one
CPW-slotline tee junction and two CPW-—slotline transitions.
The arrows shown in Fig. 10 indicate the schematic expression
of the electric field in the CPW’s and slotlines. The E field
in the input CPW (near the CPW-slotline tee junction) is
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Fig. 10. Circuit configuration and schematic diagram of E-field distribution
for the 180° reverse-phase CPW-slotline tee junction.
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Fig. 11. Measured frequency responses of amplitude and phase differences
for the uniplanar 180° reverse-phase CPW-slotline tee junction.

directed to the CPW center conductor. This produces two
slotline waves with the E field in the +y direction. At the
transition of port 1, the +y-directed slotline E field will cause
the E field in the output CPW to direct toward the CPW
center conductor. However, the F field of the output CPW at
port 2 will direct toward the CPW ground plane due to the
+y-directed slotline F field.

According to the above principle, a truly 180° reverse-
phase CPW-slotline tee junction was built on a 1.27-mm-thick
RT/Duroid 6010.8 (e, = 10.8) substrate with the parameters:
characteristic impedance of the CPW feed lines Z¢o = 50 {2,
characteristic impedance of the slotline Zg = 70.7 Q. Fig. 11
shows the frequency responses of the amplitude and phase
difference. The maximum amplitude difference is 0.6 dB from
2 to 4 GHz. Over the same frequency range, the maximum
phase difference is 3.5°.

IV. 180° REVERSE-PHASE HYBRID-RING COUPLERS

Hybrid couplers are indispensable components used in var-
ious MIC applications such as balanced mixers, balanced am-
plifiers, frequency discriminators, phase shifters, and feeding
networks in antenna arrays. The rat-race hybrid-ring coupler
[14] is the well-known and commonly used 180° hybrid.
The 20-26% bandwidth of the rat-race coupler limits its
applications to narrow-band circuits. Several design techniques
have been developed to extend the bandwidth. One technique
in [15], [16] used a A, /4 coupled-line section to replace the
3A4/4 section of the conventional 3X /2 microstrip rat-race
hybrid-ring coupler. Although the bandwidth of the reverse-
phase hybrid-ring coupler has been improved up to more than
one octave, the difficulty of constructing the shorted coupled-
line section limits its use at low frequencies. In 1971, Chua
[17] proposed a modified microstrip reverse-phase hybrid-ring
coupler. The coupler substitutes a A, /4 slotline for the 3\, /4
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Fig. 12. (a) Circuit configuration and (b) equivalent transmission line model
of the uniplanar reverse-phase hybrid-ring coupler.

phase delay section of the conventional microstrip rat-race
hybrid-ring coupler. Although the modified version gives good
performance, the double-sided implementation of a curved
3A,/4 microstrip line with an inserted A,/4 slotline is not
easy for the photolithography process. Also, the ground pins
are needed for the microstrip shorts.

To overcome these problems, this section reports a uniplanar
reverse-phase CPW hybrid-ring coupler using a 180° reverse-
phase CPW-slotline back-to-back balun. Since this 180° phase
change of the CPW-slotline balun is frequency independent,
the resulting uniplanar reverse-phase hybrid-ring coupler pro-
vides good amplitude and phase characteristics over a broad
bandwidth. The experimental results agree very well with the
theoretical design.

Fig. 12(a) shows the circuit layout of the uniplanar reverse-
phase CPW hybrid-ring coupler. The circuit consists of four
CPW-slotline tee junctions, three quarter-wavelength CPW
sections, and one 180° reverse-phase CPW back-to-back
balun. As shown in Fig. 12(a), the reverse-phase hybrid-ring
coupler substitutes a 180° CPW-slotline phase shifter for the
phase delay section used in the conventional rat-race hybrid-
ring coupler. The resulting hybrid-ring coupler has a broad
bandwidth because the phase change of the 180° reverse-phase
CPW back-to-back balun is frequency independent. Fig. 12(b)
shows the equivalent transmission line model. The twisted
transmission line represents the 180° phase reversal of the
CPW-slotline back-to-back baluns.

To test the circuit, a truly uniplanar reverse-phase hybrid-
ring coupler was built on an RT/Duroid 6010.8 (¢, = 10.8)
substrate with the following dimensions: substrate thickness
h = 1.524 mm, characteristic impedance of the CPW feed
lines Zco = 50 0, CPW feed lines center conductor width
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Fig. 13. (a) Measured and (b) calculated frequency responses of power

dividing, return loss, and isolation for the uniplanar reverse-phase hybrid-ring
coupler.

Sco = 0.54 mm, CPW feed lines gap size G¢g = 0.3 mm,
characteristic impedance of the CPW ring Zo = 70.7 Q,
CPW ring center conductor width S = 0.27 mm, CPW
ring gap size G¢ = 0.5 mm, characteristic impedance of
the reverse-phase slotline section Zs = 70.7 2, slotline line
width Ws = 0.47 mm, radius of the slotline radial stub
r = 5 mm, angle of the slotline radial stubs # = 30°, and
CPW ring mean radius » = 6.70 mm. The measurements
were made using standard SMA connectors and an HP-
8510 network analyzer. A computer program based on the
equivalent transmission mode of Fig. 12(b) was developed and
used to analyze the circuit.

Fig. 13(a) and (b) show the measured and calculated fre-
quency responses of power dividing, return loss, and isolation,
respectively. The measured results show that the coupling
of the power from port 1 to ports 2 and 3 is 3.4 and
3.7 dB at 3 GHz, respectively. The isolation is 23 dB at
3 GHz. A maximum amplitude imbalance of 0.9 dB has
been achieved over a bandwidth from 2 to 3.6 GHz. The
isolation between ports 1 and 4 is more than 17 dB over the
bandwidth of 2—4 GHz. The calculated results agree very well
with the experimental results. As expected, the power-dividing
characteristics of the reverse-phase CPW hybrid-ring coupler
is less frequency dependent. The insertion loss is mainly from
the CPW-slotline transitions.

V. UNIPLANAR CPW MAGIC-T’s

Magic-T’s are fundamental components for many mi-
crowave circuits such as power combiners or dividers,
balanced mixers, and frequency discriminators. The matched
waveguide double-tee is a well-known and commonly used
waveguide magic-T [18). In 1964, [19] first proposed a planar
magic-T. The circuit uses an asymmetric coupled transmission
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Fig. 14. The uniplanar magic-T (a) circuit configuration and (b) equivalent
transmission line model.

line directional coupler and Shiffman’s phase-shift network.
In 1965, [20] proposed a tapered-line magic-T. The circuit is
based on a tapered asymmetrical transformer consisting of two
coupled tapered lines. The complete analysis of tapered-line
magic-T was discussed in [21]. Reference [22] proposed a
planar magic-T using a microstrip balun in 1976. In 1980,
[23] proposed a planar magic-T which is constructed with
microstrip—slotline tee junctions and coupled slotlines. The
planar magic-T uses a double-sided structure and has a
bandwidth from 2 to 10 GHz. The two balanced arms of
the planar magic-T are on the same side and they do not need
the crossover connection.

In recent years, uniplanar transmission lines have emerged
as alternatives to microstrip in planar microwave integrated
circuits. The uniplanar microwave integrated circuits do not
use the back side of the substrate, and allow easy series and
shunt connections of passive and active solid-state devices.
The use of the uniplanar structures circamvents the need for
via holes and reduces processing complexity. In 1987, [24]
proposed a uniplanar magic-T which uses three CPW-slotline
tee junctions and a slotline tee junction. The in-phase CPW
excitation is via an air bridge and the slotline tee junction is
used as a phase inverter. The uniplanar magic-T has a narrow
bandwidth. In 1993, a broad-band uniplanar magic-T was
developed using crossover slotline ring structure [25], [26]. A
broad-band microstrip coupled slotline ring coupler was also
developed [27]. This section presents a novel uniplanar magic-
T circuit using a 180° reverse-phase CPW-slotline junction
and three CPW tee junctions. The circuit has the advantages
of broad bandwidth and good performance.

Fig. 14(a) shows the circuit configuration of the new unipla-
nar CPW magic-T. The uniplanar magic-T consists of a 180°¢
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Fig. 15. Schematic expression of the electric field distribution and equivalent
circuit for the in-phase coupling mode.

reverse-phase CPW-slotline tee junction and three CPW tee
junctions. The 180° reverse-phase CPW-slotline tee junction
is used as a phase inverter. In Fig. 14(a), ports £ and H
correspond to the E and H arm of the conventional waveguide
magic-T, respectively. Ports 1 and 2 are the power dividing
balanced arms. Fig. 14(b) shows the equivalent transmission
line model of the uniplanar CPW magic-T. The twisted trans-
mission line in Fig. 14(b) represents the phase reversal of the
CPW-slotline tee junction.

Figs. 15 and 16 show the schematic diagram of the E-
field distribution and equivalent circuit for the in-phase and
180° out-of-phase couplings, respectively. The arrows shown
in Figs. 15 and 16 indicate the schematic expression of the
electric field in the CPW’s and slotlines. In Fig. 15, the signal
is fed to port H, and then divides into two components, which
both arrive in phase at ports 1 and 2. The two component
waves arrive at port £ 180° out of phase and cancel each
other. In this case, the symmetry plane at port H corresponds
to an open circuit (magnetic wall), while the symmetry plane
at port E corresponds to a short circuit (electric wall). In
Fig. 16, the signal is fed to port F, and then divides into two
components, which arrive at ports 1 and 2 with a 180° phase
difference. The 180° phase difference between the divided
signals at ports 1 and 2 is due to the 180° reverse-phase
CPW-slotline tee junction. The two component waves arrive at
port H 180° out of phase and cancel each other. The symmetry
plane at port E corresponds to an open circuit (magnetic wall),
whereas the symmetry plane at port H corresponds to a short
circuit (electric wall). The isolation between ports £ and H
is perfect as long as the mode conversion in the reverse-phase
CPW-slotline tee junction is ideal.

A two-port circuit calculation is used to analyze the isolation
and impedance matching instead of the symmetric four-port
networks because the circuit is symmetric with respect to ports
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Fig. 16. Schematic expression of the electric field distribution and equivalent
circuit for the 180° out-of-phase coupling mode.

E and H. The return loss at ports 1 and 2 is given by
1Sul. [S22| = 304+ + T | (1)

where '+ and T'4_ are the voltage reflection coefficients at
port 1 for the in-phase mode coupling and 180° out of phase
mode coupling, respectively. The isolation between ports 1
and 2 is given by

|S12] = §T44 —T4_|. (2)

To achieve the impedance matching at ports 1 and 2, i.e.,
[S11] = |S22| = O, the characteristic impedance of CPW
Zc and slotline Zg in terms of CPW feed line characteristic
impedance Zcyp is given by

Zs = Zc = V2Zcy. 3)

According to (1)—(3), a truly uniplanar magic-T was built
on a 1.524-mm-thick RT/Duroid 6010.8 (¢, = 10.8) substrate
with the following dimensions: characteristic impedance of
CPW feed lines Z¢o = 50 2, CPW feed lines center conductor
width Sgo = 0.54 mm, CPW feed lines gap size Ggg =
0.3 mm, characteristic impedance of CPW in the magic-T
Zc = T70.7 §, magic-T’s CPW center conductor width S¢ =
0.27 mm, magic-T CPW gap size G¢ = 0.5 mm, characteristic
impedance of the slotline in the magic-T Zs = 70.7 2, magic-
T’s slotline line width W = 0.47 mm, slotline radial stub
angle # = 30°, and slotline radial stub radius » = 5 mm. The
measurements were made using standard SMA connectors and
an HP-8510 network analyzer. A computer program based on
the equivalent transmission model of Fig. 14(b) was developed
and used to analyze the circuit.

Fig. 17(a) shows the measured and calculated frequency re-
sponses of insertion loss for the H arm’s power dividing (i.e.,
in-phase mode coupling). The extra insertion loss is less than
0.7 dB at the center frequency of 3 GHz. Similarly, Fig. 17(b)
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Fig. 17. Measured and calculated frequency responses of the magic-T (a) H
arm’s power dividing and (b) E arm’s power dividing.

shows the measured and calculated frequency responses of
insertion loss for the £ arm’s power dividing (i.e., out-of-
phase mode coupling). The insertion loss is less than 1.1 dB
at the center frequency of 3 GHz. As shown in Fig. 17(a)
and (b), the calculated results agree well with the measured
results except the insertion loss. The additional insertion loss
of the CPW magic-T in the measurement is mainly due to
the CPW-slotline transition in the reverse-phase tee junction.
As shown in Fig. 18, the isolation between the E and H
arm is greater than 30 dB from 2 to 4 GHz. The mutual
isolation between the two balanced arms is greater than 12 dB
in the same frequency range. The H and £ arm’s maximum
amplitude imbalances are 0.3 and 0.4 dB in the frequency
range of 2—4 GHz, respectively. The H and E arm’s maximum
phase imbalance are 2° and 3.5° over the frequency range of
2-4 GHz, respectively.

VI. CONCLUSION

Simulations of CPW-slotline transitions using transmission
line models were presented for the design applications
of uniplanar structure. A simple and accurate modeling
method for nonuniform CPW and slotline radial stubs using
tandem-connected uniform lines have resulted in a very good
agreement between simulation and measurement. A uniplanar
180° reverse-phase CPW-slotline balun and tee junction were
demonstrated. The phase reversal of both circuits is frequency
independent and can be applied to balanced circuits such as
magic-T's and balanced mixers. A uniplanar magic-T and a
reverse-phase hybrid-ring coupler were developed. The new
uniplanar circuits use the combination of CPW’s and slotlines
on one side of the substrate. The uniplanar magic-T based
on the principle of the 180° reverse-phase CPW-slotline
tee junction demonstrated a bandwidth of one octave. The
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Fig. 18. Measured performance of the magic-T (a) isolation, (b) amplitude
balance, and (c) phase balance.

hybrid-ring coupler uses CPW-slotline back-to-back baluns
to provide a 180° phase change which is independent of
frequency. The reverse-phase CPW hybrid-ring coupler shows
a fairly good performance over a 60% bandwidth. With the
advantages of broad-band operation, simple design procedure,
uniplanar structure, and ease of integrating with solid-state
devices, these new uniplanar components should have many
applications in microwave and millimeter-wave hybrid and
monolithic integrated circuits.
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