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Abstract—In this letter, a planar microstrip crossover junc-
tion is presented. The conductor-backed coplanar waveguide
(CB-CPW) structure with vias is employed as the core part of the
crossover design. The dimensions of the CB-CPW crossover itself
are 11.3 11.3 mm�. Two kinds of the transitions between the mi-
crostrip line (MSL) and the CB-CPW structure are merged into a
double side print circuit board. This presented crossover junction
has a bandwidth from 10 up to 6000 MHz for 20 dB return loss,
1 dB insertion loss and �� dB isolation. Compared with the
other designs, this planar crossover features wide bandwidth and
compact configuration.

Index Terms—Coplanar waveguide (CPW) with ground,
microstrip crossover, transmission line, microstrip to con-
ductor-backed (CB)-CPW transition.

I. INTRODUCTION

W ITH the rapid development of microwave and mil-
limeter-wave integrated circuits, crossover is fre-

quently employed while designing multi-channel systems or
antenna array feeds such as butler matrix. Theoretical analyses
of air-bridge crossover structures are presented in [1] and [2]. In
practice, a finite ground coplanar (FGC) waveguide crossover
with a wide operating band from dc to 40 GHz is proposed in
[3]. However, the Air Bridge needs special treatments, such as
bonding wire or MEMS processing, which are not compatible
with the normal planar circuit techniques. The basic solution in
[4] is to cascade two branch-line directional couplers. However,
the size of the coupler, based on a square, will be difficult
to satisfy in a low frequency band. Hence, a modified version
which is based on the same principle is proposed in [5]. This
particular design works at 1 GHz, with a 250 MHz bandwidth
and a size of 35 35 mm . Other similar planar structures
have also been proposed and studied including disk circuits
[6], double-ring [7] and cross-ring [8]. To meet the need of
dual-band and multiband operation, a microstrip crossover
operating at 790 and 1195 MHz is presented in [9] with a
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35 MHz bandwidth (both upper and lower band) and a size of
62.2 53.3 mm . In [10], a crossover operating across the band
of 3 to 10 GHz is realized by cascading two conductor backed
coplanar waveguide slot couplers, whereas it is a multilayer
structure.

From the above, it may be noted that most of the crossovers
in fully planar structures are of narrow bandwidth because the
designs are based on couplers. Others obtain wideband at the
expense of multi-layer and complicated structure. Bandwidth
is a disadvantage for most planar crossovers. To tackle this
problem, a compact and wideband microstrip crossover is
presented in this letter. The crossover merges two orthogo-
nally placed CB-CPWs and two kinds of transitions between
microstrip and CB-CPW into a double side print circuit board
(PCB). The dimensions of the CB-CPW crossover itself are
11.3 11.3 mm . For verification, both simulated and mea-
sured performances of the proposed crossover junction are
shown in this letter.

II. MICROSTRIP CROSSOVER JUNCTION DESIGN

The 3-D layout of the proposed microstrip crossover junction
is shown in Fig. 1. The circuit is realized on a low cost Teflon
substrate with a dielectric constant of 2.65 and dimensions of
30 30 0.8 mm . All the four ports are designed to be 50 .
For the substrate adopted in the design, the width of a 50 MSL
is 2.15 mm. As shown in Fig. 1, for Port 1 and Port 3, a short
transition line is employed to connect the 50 MSL and the
CB-CPW structure. For Port 2 and Port 4, via holes with a ra-
dius of 0.5 mm connect the MSL to the central conductor of
the CB-CPW on Layer 2 to realize the transition. The position
of the two via holes is 8 mm away from the edge and the gap

is set to be 0.75 mm for a better transition performance. It
should be noticed that both the transitions introduce discontinu-
ities. Hence, to achieve better matching results, the character-
istic impedance of CB-CPW is set to be about 55 , not 50 .
The width of the central conductor is set to 1.5 mm and the
slot gap of the CB-CPW is 0.25 mm.

The two CB-CPWs are placed orthogonally to each other,
guaranteeing the isolation between the adjacent ports. The
ground planes are reused, which means that the bottom ground
plane of one CB-CPW serves as the side ground plane of
the other CB-CPW, and vice versa. Fig. 2 shows the E-field
distributions at different cross sections defined in Fig. 1. As
shown in Fig. 2, when propagating into the core part, the MSL
mode needs to be converted to the CB-CPW mode. Due to the
existence of the bottom ground, the CB-CPW mode gets more
similar to the MSL mode, which makes the transition easier and
minimizes the reflection. Vias with radius of 0.4 mm short the
side ground to the bottom ground and the main function is to
guarantee that the CB-CPW mode can be excited by the MSL,
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Fig. 1. (a) 3-D Layout of the proposed microstrip crossover junction. (b) Front
view (Unit: mm).

especially for the first row of the vias closest to the slots of
the CB-CPW. Other vias have little effect on the performance
of the crossover. The parameter (the position of the first
row of the vias) also affects the characteristic impedance of
the CB-CPW. The distance between the vias is adjusted to
make sure that the vias serve as a shorting wall. At the cross
section C, the slots cut off the current on the bottom ground of
the CB-CPW. Because most of the CB-CPW mode’s energy
is confined in the two slots of the CB-CPW, the reflection
caused by the discontinuity on the bottom ground is minimized.
This effect can be analyzed approximately by inserting a short
transmission line in CPW mode with characteristic impedance

into the CB-CPW with characteristic impedance as
shown Fig. 3. In theory, the matching gets worse as gets
larger. Fig. 4 shows simulated reflection coefficients for the
CB-CPW crossover itself without transition to the MSL. To
change while maintaining and and need to
be changed simultaneously with the same ratio. As indicated
in Fig. 4(a), wider bandwidth is achieved as gets smaller.
Fig. 4(b) shows the simulated reflection coefficients at Port 1
when only changes. As gets smaller, the current on the

Fig. 2. E field distributions at cross section(a) A. (b) B. (c) C.

Fig. 3. Model of the discontinuity in CB-CPW crossover.

Fig. 4. Simulated reflection coefficients of the CB-CPW crossover without
transition to MSL (the core part). (a) variation in ��� and � with the same
ratio. (b) variation only in � (Unit: mm).

bottom ground gets stronger and thus the reflection caused by
the discontinuity on the bottom ground gets stronger. Fig. 5
shows the simulated reflection coefficients at Port 2 with the
variation in only. It should be noticed that smaller slot gap
does not mean wider bandwidth. Impedance matching between
the MSL and CB-CPW should also be considered.
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Fig. 5. Simulated reflection coefficients at Port 2 of the whole structure with
the variation in � �� � ����� � ����.

Fig. 6. Simulated and measured reflection coefficients of the crossover.

Fig. 7. Simulated and measured isolation results of the crossover.

III. RESULTS

Due to limitation of the measurement equipment, the proto-
type is tested only from 10 MHz to 6000 MHz. All the measured
results are de-embedded to the plane shown in Fig. 1(b) to elimi-
nate the influence of the connectors. Fig. 6 shows the simulated
and measured magnitudes of and . Similar results are
also obtained at Port 3 and 4. The differences between the sim-
ulated and measured results are mainly caused by the accuracy
of the fabrication. The measured magnitude of reflection coef-
ficient smaller than dB is from 10 to 6000 MHz for the
four ports. Referring to Fig. 7, the isolation between the adja-
cent ports is better than dB across the entire measured band
from 10 to 6000 MHz. As indicated in Fig. 7, the electric length
of the gap gets larger as the frequency goes up and results

Fig. 8. Simulated and measured insertion loss of the crossover.

in the degradation of the isolation. The simulated and measured
insertion losses are lower than 1 dB across the entire measured
band and agree well as shown in Fig. 8.

IV. CONCLUSION

In this letter, a compact microstrip crossover junction is de-
signed, fabricated and measured. To achieve the crossover func-
tion in a planar structure, the junction merges two orthogonally
placed CPWs and two kinds of transitions between MSL and
CB-CPW into a double side PCB. According to the simulated
and measured results, this crossover junction features both wide
working bandwidth (from 10 to 6000 MHz) and compact struc-
ture and could be used in designing multi-channel systems or
antenna arrays.
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